
Infant Taphonomy

HERVEÂ GUY1, CLAUDE MASSET2 AND CHARLES-ALBERT BAUD3
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ABSTRACT In almost all living creatures, in Primates as well as in seventeenth±eighteenth century human
populations, a high infant mortality is the rule; therefore, the scarcity of children's bones in
cemeteries is suspicious from a demographic point of view. Though possible in some cases,
sociological causes appear less important than the peculiar behaviour of infants' bones in the
tomb. This paper examines the physico-chemical properties of infants' bones and their
consequences for the preservation of archaeological samples; it proposes a new way of
approaching distributions at death in the past. # 1997 by John Wiley & Sons, Ltd
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The problem

We know that cemetery excavation rarely yields
numerous remains of very young children. This
fact, although ordinary, is none the less surpris-
ing in many respects, if only because of the great
variety of situations observed. Limiting our study
to the remains of children under the age of 1
year, at least in sites where all other age classes
are represented, we note that they may oscillate
from zero to 25 per cent, and even 33 per cent,
of the total buried: FonyoÂd, in Hungary, is an

example of the ®rst case,1 Pines Point, in
Arizona, or Lerna, in Argolid, illustrating the
second case, respectively 23.82 per cent and 35.9
per cent.3 If we leave aside these extreme cases,
Table 1, which shows the data from 10
Hungarian cemeteries dating between the tenth
and twelfth centuries, gives an idea of the
situations encountered most often. It both
expresses the amplitude of current variations
and shows that the proportion of children under
1 year of age ¯uctuates frequently around 5 or 6
per cent.
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Table 1. Proportion of newborns in some Hungarian cemeteries from the Middle Ages (tenth to twelfth centuries), by decreasing
infant mortality. After AcsaÂdi and NemeskeÂri4

Total buried
(all ages: 0 ±o)

Number between
0 and 1 year

Proportion under 1 year
(per cent)

Fiad-KeÂrpuszta 395 72 18.2
Zalavar village 141 19 13.5
OroszvaÂr 115 9 7.8
Halimba-Cseres 932 62 6.7
Zalavar castle 426 23 5.4
SkeÂkesfeheÂrvaÂr Bikasziget 75 4 5.3
Somogy-Vasas 162 8 4.9
SkeÂkesfeheÂrvaÂr SzaÂrazreÂt 117 5 4.3
ZsitvabenesenyoÈ 73 3 4.1
Zalavar chapel 177 5 2.8



With reference to the populations known
from historical demography, at least to those
who lived prior to the invention of vaccination
by Jenner (`pre-Jennerian' populations), such
proportions are surprisingly low. Formerly, the
recording of infant deaths was not satisfactory,
precisely because they were so common place.
When we can determine relatively reliable
®gures, however, these are always high and
only exceptionally fall below 25 per cent of live
births, as shown by Table 2. After the age of 1,
death rates decrease rather sharply, but not
enough for half of children to reach adulthood
(Table 3).

We are no longer used to such high death
rates in infancy, which were normal in the past,
just as among other living species. We can
mention the hundreds of thousands of alevins
from certain ®shes, but it is more interesting to
observe our relatives, the primates, at least those
for whom a ®gure was published. To ensure a
valid comparison, we shall partly discard infant
mortality sensu stricto and consider mainly death
prior to puberty.

Considering these ®gures, which largely
integrate old Regime populations, we ®nd it
hard to imagine that the scarcity of infant
remains in our cemeteries can be a true re¯ection
of a demographic fact. If such were the case, we
should have to admit the following: that, in our
species, infant and child mortality, as far back as
prehistory, had clearly broken away from what
can be observed among wild animals; that this
peculiarity had lasted almost unceasingly until
the end of the Middle Ages; that then it had
been replaced, between the sixteenth and eight-
eenth centuries, by a brief episode of the `wild
animals' type, precisely at the moment when
parish registers came into use. This latter point is

all the more strange because no author in this
otherwise well-documented period seems to
have noticed such a demographic seism.
Indeed, the change would have been very swift,
because the above-mentioned cemetery of
FonyoÂd dates from between the fourteenth and
sixteenth centuries.1 In it, children under 5 years
old number 2.5 per cent of the total, whereas, a
century later, in Geneva, they will represent 44.9
per cent, almost 20 times as many, according to
the parish registers.8

A sociological interpretation?

Palaeodemographers, confronted by so marked
and extended an anomaly, have been divided in
opinion. A number, despite the above improb-
abilities, accepted without argument the scarcity
of infants in cemeteries, to the point of calculating
on this basis the life expectancy at birth in their
cemetery population. Knowing how heavily
infant mortality presses on life expectancy at
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Table 2. Infant mortality in a few `pre-Jennerian' populations, after different authors (Saint-Laurent-des-Eaux, Auneuil;5 France
1740;6 India;7 Geneva;8 Sweden9).

Out of 1000 live births, the proportion deceased
beefore the age of 1 (per cent)

Saint-Laurent des Eaux (Sologne, France; seventeenth century) 32.6
France 1740±1749 29.6
Auneuil-en-Beauvaisis (France, seventeenth century) 28.8
India 1901±1911 28.7
Geneva 1625±1684 26.4
Sweden 1757±1759 22.7

Table 3. Proportions of immature deaths in some species of
primates, after different authors (for Macaca;10 Pan;11

Propithecus (Sifaka);12 pre-Jennerian Homo sapiens: here,
France 1740±17496).

Deaths per 1000 births

During the ®rst
year

Between birth
and puberty

Macaca fuscata 600
Pan troglodytes (East
Africa)

580

Propithecus verreauxi
(Madagascar)

390 ?

Macaca mulatta (Caribbee) 300
Pre-Jennerian Homo
sapiens

300 550



birth, we have to be cautious as regards the quality
of the results thus obtained. Others, such as
AcsaÂdi and NemeskeÂri,4 did not underestimate the
dif®culty. They refused to admit that children's
bones may be worse-preserved in the earth than
adults', and they looked for other explanations.
Notably, they proposed the shallower depth of
children's graves, which would have been more
exposed to ploughing. Their demonstration is
convincing (4, p. 239), and would have been even
more so if applied to a site other than Fiad-
KeÂrpuszta, the least problematic of all their
cemeteries (Table 1 above). Besides, when read-
ing their text carefully, we note that a shallow
grave entails destruction of remains only in sites
damaged by erosion; consequently, the plough is
not involved alone. Their explanation is therefore
not applicable for non-eroded sites, or for those
sites (the overwhelming majority) where the
proportion of infants is far from reaching that of
Fiad-KeÂrpuszta.

Infanticide was suggested, and especially the
exposure of new-borns. As a high infant mortality
was common place, it was also thought that, in
the past, a real funeral ceremony would not be
organized for infants, at least by non-moneyed
people: they no doubt would often get rid of the
small remains in secret, as proved by a few
®ndings, for instance from Gailhan13 or from
SalleÁles-d'Aude.14 What is awkward in such
theories is their too universal character, suitable
for all populations in the world; it is dif®cult to
believe that all funeral customs would have been
so closely related. Moreover, these theories
cannot be admitted for medieval populations
who punished infanticide and practised the
baptism of neonates, because, even though the
small bodies could not be interred anywhere else
than in hallowed ground, their cemeteries yield as
few infant remains as older necropoles. This is the
case for the above Hungarian sites. Still more
convincing is the Saint-Maclou parish, at Pontoise
(France, Val-d'Oise), in the eighteenth century, a
site where both a partial excavation of the
cemetery and the relevant registers are avail-
able.15 In its ground, where bones are well
preserved, the rate of infants represents a ®fth of
what should have been found (see Table 5). Let us
not imagine an ad hoc ritual, which would have
excluded infants from the communal cemetery or

relegated them into some recess of the cemetery.
The funeral customs of the Pontoise population
living 200 years ago are well known, and we know
in particular how they would proceed with the
small corpses whose baptism and decease had
been duly entered into their parish register.

A taphonomic process?

All these re¯ections recall us back unrelentingly
to the hypothesis of differential destruction. This
conjecture could account for the generality of
the phenomenon and for the amplitude of the
variation between sites, and even between
individuals. More than 40 years ago, Angel
believed that infant remains disappeared more
readily than adults, he even recti®ed his
palaeodemographic curves according to this
conjecture, which he credited, but was unable
to demonstrate.3,16 Others, such as NemeskeÂri,
as seen above, shrank from the subjective aspect
of such a recti®cation, preferring the supposedly
more secure ®eld of raw data from excavation.
This is also the case of Moore et al,17 who
thought that, in this ®eld, the de®ciency of
ethnographic data would have made it necessary
to take the ®ndings from cemeteries for gospel
truth. Lastly, others Ð who express the current
opinion Ð surprised by the relatively good
preservation of infant bones when they are
found, cannot imagine that most have been lost
without trace: at this juncture, they would expect
a majority of small remains to be left, even if in a
bad state.

This expectation is rather unfounded, but it
played an essential role in many anthropologists'
reluctance to admit a taphonomic difference to
the prejudice of infants. If such a difference does
exist, then it almost involves a law of all or
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Table 4. Bone mineral and water content (after Vinz19).

Age
groups Age

Bone mineral
content

Bone water
content

I 0±2 weeks 64.3 19.8
II 3±5 months 62.9 20.5
III 7±11 months 62.9 19.4
IV 1.5±2.2 years 63.7 16.9
V 4±13 years 66.0 14.2
VI 18±40 years 66.8 12.1



nothing: either the bone remains or is lost. We
say `almost' because the preservation of extant
bones is not always so good as believed (Figure
1). Besides, adult bones sometimes present
anomalies of the same order, when some are
found missing in association with others rela-
tively well preserved. Consequently, we should
examine more closely the bone characteristics
during the ®rst years of life, which are well-
marked in the mineral component, the only one
considered in this paper.

Bone mineral in infants

Quantitative data

The mineral content of bone evolves character-
istically as a function of age.18,19 Density,
measured by pycnometer, and the mineral
content, evaluated as percentage of ash, de-
creases after birth. It is maintained at a minimum
value during the ®rst year, and increases to reach
the level of birth at the end of the second year. It
continues to increase until adult age, but reaches

values which are close to the later ones from the
end of infancy.

The values of the mineral content and water
content of bone observed by Vinz19 are given in
Table 4, for age groups in logarithmic increments.

In the same way, measurements of whole
bones have shown that bones of children under 2
years old were less dense than fetal skeletons.20

This is not peculiar to the human species: in all
the mammals studied, the mineral content of the
bone regresses at the beginning of the post-natal
period, then develops with growth.21,22

Qualitative data

The distribution of the mineral substance at the
microscopic scale is revealed by microradiogra-
phy. In new-borns and infants, a regular
distribution of the mineral content is never
observed. On the contrary, we can observe
adjoining areas of low and high mineralization
over distances of a few microns.23

The size of crystals in the mineral matter,
measured by infrared spectrophotometry24 or by
X-ray diffraction25, is very small at birth and
enlarges progressively until full adult age.

The orientation of crystals in the bone,
measured by X-ray diffraction26 or by neutron
diffraction,27 is ill-marked at birth and in the ®rst
6 months, then grows progressively, to reach its
maximum at about 3 years old.

The crystalline structure, drawn from the size
of the unit cell in the lattice measured by X-ray
diffraction,25 is that of a hydroxy-carbonato-
apatite at birth. The length of lattice parameter a
and the volume of the unit cell lessen with age,
as a function of ionic substitutions in the lattice.
Hydroxyl ions are replaced mainly by ¯uoride,
the concentration of which in the bone mineral
is low in young children.28

Mineral matter and mechanical properties of bone

The compressive strength increases with the
density of the bone.29 Hardness, which means
resistance to indentation and scratching, de-
pends on density and on the size and orientation
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Figure 1. Quality of preservation of children's bones in two
cemeteries where, by way of exception, their state had been
carefully noted: Fiad-KeÂrpuszta, in Hungary, eleventh
century;48 Ven-110, in California, beginning of the present
era.51, pers. comm.



of crystals.30±32 The resistance to abrasion grows
with density and the orientation of crystals in
the bone.33 The tensile strength also increases
with the density of the osseous matter.34,35

The relationship between the characteristics
of mineral and the mechanical properties of bone
explains why bone is brittle in young children.
Its tensile strength is low,36,37 and its compres-
sive strength and hardness are extremely low
(Vinz,38 who observed that, below 1.9 years,
hardness was so low that he was not able to
measure it).

Mineral matter and physico-chemical properties
of bone

The resistance of the bone to demineralization,
or mineral dissolving in an acid medium,
depends on many factors,39 some of which are
thermodynamic, especially the hetero-ionic sub-
stitutions in the crystal lattice which affect
solubility. Other factors are kinetic, in particular
porosity, which is inversely proportional to the

degree of mineralization,40 controlling directly
ionic diffusion and the access of demineralizing
agents to the mineral matter. Moreover, for a
given volume of mineral matter, the smaller the
crystals the larger the surface area in contact
with demineralizing agents. Therefore, bone
from young children is quite easily reached by
these agents, because it is poorly mineralized,
hence more porous, and because its small crystals
present a large surface of attack per unit volume.
Lastly, crystals do not contain much substituted
¯uoride in the lattice and are more soluble for
this reason.39

Archaeological considerations

The low mineralization of bone and the qualities
of the bone mineral in young children can
explain the poor preservation of their skeletons
in burials. Under some pressure, notably that of
overlying sediments,41 these skeletons poorly
resist crushing into the ground. The bones are
easily attacked by the acid products of organic
matter decomposition42 or by acid soils.43

Infant Taphonomy 225

# 1997 by John Wiley & Sons, Ltd. INT. J. OSTEOARCHAEOL., Vol. 7: 221±229 (1997)

Table 5. Mortality by ages in some ancient cemeteries, as compared with Ledermann's model life table net 100, Q=30, a
plausible image of pre-Jennerian populations as a whole.45 The values stated here are for 1000 at birth. They represent the
manner in which an age group decreases through the course of time. (They are not death probabilities.)

Sitesb N e0
a

0±12
months

1±4
years

0±4
years 5±9 10±14 15±19

20± o:
adults

Model life tables (1000) 27 270 197 467 33 18 24 460
France 1740±1749 (40 000) 25 296 178 474 57 23 23 424
St Maclou registers 661 30 251 239 490 36 15 32 427
Fiad-KeÂrpuszta (Late medieval) 404 26 189 131 320 57 35 74 514
Tournedos (Early medieval) 1665 29 90 152 242 113 38 54 553
Serris (Early medieval) 953 22 65 139 204 96 41 29 630
Ven-110 (Californian Indians) 95 24 63 42 105 95 31 53 716
St Maclou graveyard (Modern; eighteenth

century)
86 30 53 51 104 56 39 65 736

Feigneux (Neolithic) 116 31 26 121 147 78 17 69 690
Loisy-en-Brie (Neolithic) 164 25 24 91 115 91 43 55 695
SeÂzegnin (Early medieval) 332 22 18 51 69 96 63 84 667
FonyoÂd (Late medieval) 167 17 0 96 96 144 54 54 407

The sites are classi®ed on the basis of their apparent infant mortality (between 0 and 1 year). The choice of cemeteries depends
on their capacity and on how the ages of immature individuals were published: those for which the analysis cannot single out the
groups stated in this table (0±1,1±4, 5±9, 10±14 and 15±19) were not used.
aLife expectancy at birth (except for `Pontoise registers', where it is replaced by the mean life). In cemeteries, it is estimated by
Bocquet and Masset's formulae,46 on the assumption of stationarity.
bFrance 1740±1749 (sampling at 1/500);6 Saint-Maclou at Pontoise (France, eighteenth century, Val-d'Oise), registers,15 Saint-
Maclou cemetery;47 Fiad-KeÂrpuszta (Hungary eleventh century);48 Tournedos (France, Eure, eighth to fourteenth centuries);49

Serris (France, Seine-et-Marne, seventh to tenth centuries);50 Ven-110 (USA, California, late middle period, i.e. beginning of
Christian era);51 Feigneux (France, Oise, late neolithic);52 Loisy-en-Brie (France, Marne, late neolithic: between 2400 and
1800 BC);53,54 SeÂzegnin (Switzerland, Geneva, ®fth to sixth centuries);55 FonyoÂd (Hungary, fourteenth to sixteenth centuries).1



Are these remarks on bone structure
and composition re¯ected at the
taphonomic level?

Herein, we have had to put forward the ®rst
assumption that (young children's or even
adults') bones can either remain or disappear,
with few other possibilities. In addition, how-
ever, the above considerations strongly suggest
the existence of a threshold, some time before
the age of 3, separating two types of human
remains: on one hand, an `infant' type, with soft
ill-structured bones, rich in interstitial water,
poorly protected against chemical or mechanical
aggressions; on the other, an `adult' type, which
seems to form within a few months, grosso modo,
of when babies can walk. From this viewpoint,
the outburst of apparent mortality, observed at
several sites, towards the ages of 2 or 3, would
®rst express a better visibility of children's death.
The deadly effects of weaning, usually put
forward in such cases, would have been less
acute than was thought.

These assumptions appear to be con®rmed by
the site of Elko Switch, in Alabama, a cemetery of
American blacks used between 1850 and 1920.44

Each grave still contained a part of the cof®n, the
size of which, combined with that of the pit,
supplies information about the deceased. Indeed,
for reasons of time and money, it was out of the
question to make oversized graves or pits. Where
immature people are concerned, their height is,
of course, linked to age. At Elko Switch, 15 of 52
tombs contained no bones, and none of the 15
tombs corresponded to an individual over 5 years
of age. On the whole, 21 tombs belonged to the
0±5 age group, only six being occupied by bodies
of which something was left.

Another con®rmation is supplied by the
manner in which the distribution of deaths by
ages in cemetery populations deviates from
model life tables. However different, these
populations present the same anomaly at the
same place. A sample is provided by Table 5.

We can see from Table 5 that this anomaly is
often outstanding before the age of 1; its
difference from model life tables diminishes in
the 1±4 age group and disappears completely
from the age of 5. Let us note in passing that this
characteristic a posteriori justi®es palaeodemo-
graphic estimators, whether Jackes' Mean
childhood mortality56 or Bocquet and Masset's index
of juvenility,46 because these estimators exclude
children below the age of 5.

How many children have disappeared?

It would be dif®cult, albeit necessary, to appreci-
ate the amplitude of such a shortage of infant
remains per site. It is impossible to measure it
directly, from the state of the remaining bones,
because a sort of `law of all or nothing' seems to be
involved in the preservation. Only comparison
with a norm appears to be possible, as illustrated
by Table 6. Here also, the norm is Ledermann's
model life table net 100, Q=30,45 which we can
see must be close to the mean death conditions
pertaining to a few centuries ago (Table 5). In this
table, the `estimated total' corresponds to the sum
of the age groups from 5 onwards, completed by
the quantity that can be anticipated below this
age, if relying upon the life table.

Between 0 and 1, we observe in Table 6 that
both the shortage and its variation between sites
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Table 6. Shortage of very young children in some cemetery populations, by comparison with Ledermann's model life table, net
100, Q=30 (1969). Classed by shortages in mortality beween 0 and 1 (MNI=minimum number of individuals, which means
actual numbers in the cemetery; estimated total, see text).

Total 0.0±0.99 1.0±4.99 5.0±9.99

MNI Estimate N Anticipated De®cit (%) N Anticipated De®cit (%) N Anticipated Excess
(%)

Fiad-KeÂrpuszta48 404 450 76 122 38 52 89 42 23 15 +60
Ven-11051 95 150 7 40 83 9 30 70 9 5 +80
Loisy-en-Brie53,54 164 250 4 68 94 15 49 69 15 8 +88
SeÂzegnin55 332 580 6 157 96 17 114 85 32 19 +68
FonyoÂd1 167 280 0 76 100 16 55 71 24 9 +167



are considerable; both decrease between 1 and 5,
to be regularly replaced by an excess. This excess
is considerable as a percentage, but relates to
reduced populations, hence far from compen-
sates for previous shortages. It could be
interpreted in different ways: it may mean a still
higher death rate among children in general, or,
on the contrary, a sort of retrieval for a lower
rate in preceding age groups. The fact that it is
well-marked in the Saint-Maclou cemetery, as
compared with the registers of the same parish
(Table 5), raises the question as to whether or
not it is a bias in the appreciation of the
mortality age towards the ®fth year. This age
estimation is based on tables of tooth eruption
which are drawn up, of course, from modern
populations: can such tables be perfectly applied
to former populations? Might they not lead to
abstracting, unduly, a small number of indivi-
duals from the 1±4 age group to transfer them to
the following group?

Conclusion

We do not know whether the underrepresenta-
tion of very young children in almost all
cemeteries can be explained mainly by taphon-
omy. In this sort of ®eld, where experiments are
not possible, it is dif®cult to provide `proof' sensu
stricto. We think, however, that we have
contributed more than a mere set of presump-
tions to this point of view.

Even if we have not obtained the reader's
agreement, we consider these presumptions so
strong that it is now illicit to register uncritically,
as if nothing had happened, infant mortality as it
is shown in cemeteries. Effectively, if infant'
bones behave in a characteristic manner from a
taphonomic perspective, it is impossible to put
forward, as was often the case, conclusions on
the fatal effects of weaning. As for the calcula-
tions of life expectancy at birth, based on the
death rates observed, they are considered
illegitimate ipso facto. Thus are partly under-
mined the `palaeodemographic life tables'
arduously drawn up by many authors, from
Hooton57 and Vallois58 to the present time.
`Palaeodemography' can expect a bright future if
only it becomes aware of its restrictions.
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