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ABSTRACT 

Relauve dating ol ancicnt culturcs can be done by measuring thc Fluorinc content in the bones unearhed at 

archacological cxcavations. Similarly later intrusion of bones can conveniently be shifted from the older ones. 
This method has advantage ovcr others in comparison of antiquity, that can bc made in not too ld archacolo- 
gical material also. In this paper the author es tablishes a time sequence of ancicnt cultures as indicated

by the Fluorine content of the boncs cxcavatcd at different sites. 

INTRODUCTION 

In 1802 an Italian chemist MRNICHINI (in MooRE, 1962) detected traces of fluorine in 
the tooth of a fossil elephant excavated in Rome. A question, therefore, arose as to how it 
entered the bone. GaY LusSAC, a French scientist held that it was probably absorbed by 
the animal during its life time. Later on, it was discovered that this element was absorbed 
by the teeth during life, but a bone burried in the earth is likely to continue to absorb it if it is exposed to fluorine bearing waters. This led the scientists to consider whether or not 
the fluorine content is proportional to the age, and if so we may be able to lift the veil off 
from the face of antiquity. 

It was in the year 1844 that JAMES MiDDLeTON (in MooRE, 1962) claimed that fossil 
bones contain fluorine in proportion to their antiquity. He compared the fluorine content 
of some fossil bones with that of the bones of a Greek skeleton 2,000 years old. He also 
estimated the age of some Eocene beds in France as 24,000 years with the help of the fuorine 
content in the fossil bones. 

CARNOT (in MoORE, 1962) supported the views of MIoDLETON (in MoORE, 1962) and 
further claimed that fluorine present in the soil water steadily accumulates in bones and 
teeth. CARNOT (in MoorE, 1962) went a step further and analysed a number of bones 
ranging from Palacozoic to Recent eras. The fHuorine content in the fossil bones in different 
geological eras as given by him are as follows 

RECENT 0.30 % 
PLEISTOCENE 1.50 

/0 

TERTIARY 2.30 
MESOZOIC 3.40 

/0 

PALAEOZOIC 3.70 0 

The work of CaRNOT (in MoORE, 1962) was entirely torgotten till OAKLEY (in MoorE, 
1962) infused a new life in this research. OAKLEY (in MooRE, 1962) thought that though 

fluorine could not be used for absolute dating it could certainly be used for relative 
dating, e.g. animal or human bones which have been lying in a gravel bed for 2.00.000 

years are likely to have accumulated more uornne than a human skeleton entered in the 

same bcd, 2,000 ycars ago. 
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The largely controversial Galley Hill skeleton was finally put to the fluorine test. This 

tEst was carefully executed and in addition to the samples taken from the Galley Hill bits, 
some other samples were taken from twenty two animal bones, which were found near by. 

Galley Hill animal bones of Middle Pleistocene Period had 1.7 to 2.8% fluorine. Upper 

Pleistocene fossils from the same region had 0.9 to 1.49%, fluorinc and those from Holocene 
the percentage of fuorine was from 0.05 to 0.30%. OAKLEY (in MooRE, 1962) thercfore, 
opined that the Galley Hill man was a recent burial. Further OAKLEY (in MooRE, 1962) 
dated the Swanscombe skull containing 1.9 to 2.0% fluorine as 1,00,000 years old. 

As fuorine tests proved their significance in separating the old from the antiquity, hope 

grew that at last we might have fluorine as a time tool with which to date. In this context 

one of the most contested cases of determining the age of the Piltdown skull (Eoanthropus 

dawsonli) lay well within the field of fluorine dating. The fluorine content was only 0.2% 
and so OAKLEY (in MooRE, 1962) claimed that it could not have been in the gravel for too 

long 
For the Fontechevade skull OAKLEY (in MoorE, 1962) determined fluorine of bones 

discovered below and above the stalgmitic layer and found the values as 0.5% and 0.1% 

respectively. 
It is argued, as stated above, that fluorine dating is not a method for determining chrono- 

logical order with any pretence to meticulous accuracy. OAxLEY (in MooRE, 1962) himself 

constantly warned that it could not be used to draw comparisons between ages of materials 
found in different parts of the world. He emphasized that its utility lay in comparing the 
ages of objects found at the same site and thus subjected to the same fluorine bearing waters 
but in his 1950 report to the Viking Fund he could not resist quoting some comparisons 
made by a Dutch scientist who had studied both the Swancombe and the Fontechevade 
materials. At Swancombe all the vole teeth examined by the Dutch scientist belonged to 

extinct species. At Fontechevade she failed to trace any extinct species among a fairly large 
collection. OAKLEy (in MoORE, 1962), therefore, announced that taking that fact into con- 
sideration with the new palacontological data, the Swancombe skull certainly belonged to 

an earlier interglacial period than the Fontochevade skull and comparing the Piltdown 
man he concluded that the Piltdown and Fontechevade man appeared to be contemporary 

i.e. 50,000 years old. At Suffolk he found the fluorine content of human skull as 0.10% 

while in a horncore of a Bos premigenius he found the fuorine content as 1.50% and an-
nounced that the skull belonged to the Recent Period. 

CHEMISTRY OF ABSORPTION OF FLUORINE IN BONES 

According to MELLOR (1923) liquid from which the bones are deposited in animal tis- 

sues is very nearly neutral and although complicated by the presence of additional salts, 
the conditions are probably similar, so far as calcium salts are concerned, to those of the 

simpler ternary system, CaO-P,O,-H,O.Hydroxyapatite is the stable phase in solution 

with the degree of acidity characteristic of animal tiss ues. BAsSETT (in MELLOR, 1923) 

calculated the data given in table 1 below by S. GanaRIEL. (in MeLLOR, 1923), and 
showed that the mineral constituent of bones is mainly hyclroxyapatite-(Ca,P,O0,)3* 

Ca(OH) or 3 Ca(PO,). Ca(OH), is mixed with a certain amount of calcium ca 

bonate. In addition to these chicf constitucnts, there are small amounts of the bicarbonates 
of magnesium, sodium, and potassium, which appear to be merely absorbed by the aggre- 

gate of phosphate and carbon. Several other investigators namely AraY (in MELLOR, 
1923), HENTZ (in MELLOR, 1923), MULLER (in MeLLOR, I923) and ERLEUMEYER (in 
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ME ELLOR, 1923) suggested that teeth contain basic calcium phosphate. AEBY (1n MELLOK 

925) found the composition of bone phosphate to be 6 Caz(PO,),Ca(OH)a.2 HsO or 

3 Ca,(PO,),Ca(OH),.2 H,O, similar to that of hydroxyapatitc 
Table. I-S. Gabbriel's Analyses of Bone Phosphate 

Ox teeth 

Ingredients Ox 
teeth 

Human Goose 
bone 

Ox 
Re bone Enamel bone 

mainder 

Calcium Oxide 51.53 51.01 51.28 50.7 51 !.98 50.36 

Magnesium Oxide 0.77 1.27 1.05 1.52 0.53 1.83 

Potassium Oxide 0.32 0.19 0.18 0.20 0.20 0.14 

Sodium Oxide 1.04 1.11 1.09 1.16 1.10 0.80 

Water of crystallisation 2.46 3.05 2.33 2.21 1.80 2.90 

Phosphorous penta-oxide 36.65 38.19 37.46 38.88 39.7 38.60 

Carbondioxide 5.86 4.11 5.06 4.09 3.23 3.97 

Chlorine 0.01 0.06 0.04 0.05 0.21 0.03 

Water of constitution 1.32 1.07 1.37 1.27 1.17 1.25 

Total 99.74 100.06 99.86 100.08 99.92 88 

BASSETT(in MELLoR, 1923) added that the range of acidity or alkalinity in most ordinary 
soils comes well within the range over which hydroxyapatite is the stable calcium phos- 
phate, and it seems certain that it is the only phosphate that can exist permanently in the 
soil. Any other phosphate added to the soil will be converted into hydroxyapatite with 
greater or lesser readiness according to circumstances. It has long been recognised that 
calcium hydroxyapatite added to the soil in the form of superphosphate very quickly ceases 
to be present as such, although it is generally stated that it reverts to normal calcium phos- 

phate. 
obtained in a finely divided state, which is important due to its sparing solubility. Under 
conditions which have led to the accumulation of phosphate deposits, a certain amount of 
replacement of the hydroxyl of the hydroxyapatite by fluorine has occurred, owing certainly 
to the action of saline solution. 

By adding the phosphate in the form of a superphosphate, the hydroxyapatite is 

MELLOR (1923) says that BasSETT (in MELLOR, 1923) found hydroxyapatite to be 

3 Ca(PO,),Ca(OH)» which is chemically calcium hydroxyhexaphosphate. The region 
of this compound is fairly extensive, and reaches very nearly to the point representing the 

solubility of calcium hydroxide; the solubility curve extends from markedly acid, through 

neutral, to markedly alkaline solution. Of all the calcium phosphates this is the only one 

not decomposed by water; it can dissolve unchanged in water, but the saturated sohution 
is verv dilute. WARINGTON (in MeLLOR, 1925) showed that by repeatedly extracting normal 
calcium phosphate with boiling water, a product 1S Tinaly contained with analyses correspnod-

ing closely with hydroxyapatite. BUGH S (In MELLOR, 1923) experiments on the action of 
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water on calcium hydrophosphate point in the same direction. DiECKMANN AND HooDRE- 

MONT (in MELLor, 1923) prepared oxyapatite-calcium oxyhexaphosphate- 3 Ca,(PO,) 

CaO of specific gravity 2.99; melting point 1540°C; and percentage solubility in citric 

acid as 67. 
He further says that the salt 3 Ca(PO,). CaO is usually regarded as a basic salt in 

that it contains more base than that which corresponds to the normal salt. BASSETT (in 

MELLOR, 1923) suggested that hydro- or oxy-apatite, and dihydrophosphate, much as an 

orthophosphate is related to a pyrophosphate, so that hydroxyapatite is the salt of an acid 

H1PO13 in which one acidic hydrogen atom is not neutralised. The great difficulty 
involved in the cxpulsion of water is taken to indicate that it is directly associated with the 

acid rather than with the base. The halogen of fluoro-or chloro-apatite is then regardcd as 

being directly attached to the phosphorous. If hydroxyapatite has the formula 3 Ca(PO,), 
Ca (OH),. HO the corresponding acid is HuP,O; i.e. 3 H,P2O,, an acid which has 

the greatest range of existence of 
In view of the above, it is now clear that the main ingredient of the bones, is only hydro- 

xyapatite having the formula 3 Ca(PO,). Ca(OH). H,O with some amount of calcium 

carbonate absorbed in it. This hydroxyapatite will change to fluoro-apatite by partial or 

complete replacement of the hydroxyl group which can be represented as 3 Ca,(PO4), 

Cal2 or 3 Cag(PO),. CaF(OH) as the case may be. Structurally this can be represented 

the phosphoric acids. 

as: 

Op-Ca 

o-Ca-0 
F-Ca-0-P=0 

,0-Ca-0 
O P-O-Ca 

O-P-O 

As has been said above the fluorine is attached to the phosphorous. 

OAKLEY (in BrorHWELL & HiGos, 1969) further says that there are two kinds of changes 

in mineral matter of burried bones namely (1) Alteration of the phosphate matter-hydro-

oxyapatite, and (2) Addition of new mineral matter say lime or iron oxide. The later change 

increases the weight of the bone and is termed as fossilisation which is misleading as a clue 

to relative dating. For this purpose the slow invisilble weightless irreversible alteration of 

substitution of fluorine and uranium is valuable. Fluorine is widely distributed in the form

of soluble fluorides which occur in almost all ground waters, and its ions are absorbed through 

replacing the hydroxyl ion in the mineral hydroxyapatite. This fluoroapatite is less soluble

than hydroxyapatite, so that when fluorine atoms have once been fixed in bone, they are 

not readily dissolved out. With the passage of time, bones and teeth in permeable deposits 

accumulate fluorine progressively. Bones which have lain for the same period of time in a 

particular deposit will have approximately the same fuorine content. 

Now, as the fluorine once fixed in the bone is not readily removed a specimen which 

has been washed out of a more ancient deposit and redeposited in another at a later date 

will show a much higher fHuorine content than bones contemporaneous with the bed. Bones 

artificially intered in the same deposit at a later date may resemble the fossil of the bed in 

appearance, but will accumulate less fluorine. This is the basis of fluorine dating method. The 

relative age of fossil bone can be determined by comparing its chemical composition with 

that of other fossil bone of known age from the same site or from the same area if they have 
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Cen preserved undcr comparable conditions. Fortunately the fluorine content of burried 

Dones ncreases at about the same rate in gravel, sand and clay as claimed by BroTHWELL 
Ct al(I969, p. 40). The failure of fluorine and uranium to circulate in calcarious cave de- 

posits Is an establishcd fact according to BrorHWELL 6t al (1969, p. 43) and one may not be 

prised of low fluorine content of bones of high antiquity. 

THE PRESENT WORK 

To this end werc analysed for the first time in the history of the archaeological research 

n this country, bones excavated at different places for their fluorine contents with a view 

to establish a time sequence (Table No. II). The results are self explanatory. This work is 
n progress and it will be reported subsequently. Consequently the discussion and conclu-
S1Ol on bone fluorine as a measure of archacological antiquity will be sent for publication 

when more bones are analysed. 
Table. II 

Serial 
num- Site Fluorine % 

ber 

Kotia 0.005 

Bilawali 0.03 

Lakhania 0.03 

Ujjain 0.05 

Lekhania 0.05 

Kausambi 0.12 

Nagarjunakonda 0.12 

8 Kakoria 0.12 

9 South Andaman 0.15 

10 Lothal 0.21 
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