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ABSTRACT 

Incremental bands in the eememum and dentine of four teeth from horse (Equits ferns) and 
one tooth from red deer (Cervus elephas) from the late glacial site or Gough's Cave were 

investigated with a view to deciding whether preservation of these tissues was good enough to 

permit estimation of season of death of horse and red deer at ihis site. This~report includes 
some background information on the principles and methods of tooth sectioning used in ihis 
preliminary investigation, followed by the results obtained. The results are encouraging, and 

suggest that the method can usefully he applied to such material. 

INTRODUCTION 

Samples from bones of mammalian fauna associated with human activity 

in Gough's Cave have been dated by radiocarbon to approximately 12,000 
years b.p., correlating with the Latealacial Interstadial of NW Europe 

(Bur)eigh et.al., 1985; Currant, 1986; Jacobi, 1986). 

The use of tooth sectioning as an aid to investigating season of death in 

mammals from Gough's Cave was first suggested by R. M. Jacobi, and 

A. P. Currant agreed to the specimens from the British Museum (Natural 

History) being investigated in this way. Specimens studied are listed in 
Table 1. 

As early as the 1920s it was realized that growth periodicity in mammals 

might be analysed from incremental layers of periosteal bone (Kler, 1923), 

and by the late 1960s annually-deposited layers had been observed in the 

hard tissues of many species of marine mammals and terrestrial mammals 

(Kleinenberg & Klevezal, 1966; Kicvezal & Kleinenberg, 1967). The original 

applicability of the study of incremental layers was to wildlife management 

schemes and in conservation, but it came to be realized that similar studies 

could be conducted on the faunal assemblages from archaeological sites 

(Saxon & Higham, 1968, 1969). A useful review of some of the major 

findings in studies of incremental layers in cementum, including some done 

on archaeological specimens, is by Stallibrass (1982). 
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DENTAL TISSUES WITH REFERENCE TO AGE AND SEASON OF 

DEATH DETERMINATIONS 

The dental tissues, dentine and cementum, have been found to be generally 

more suitable for determination of age and season of death than periosteal 

bone which exhibits poor correspondence with age in some mammals, notably 

ungulates (Klebanova & Klcvezal, 1966; Klcvezal & Kleinenberg, op.cit.). 

Dentine is a calcified tissue which forms the bulk of a tooth. The pulp in 

the interior of the tooth is always decreasing in volume and is gradually 

replaced by secondary dentine. Thus the volume of the pulp cavity puts a 

finite limit on the amount of secondary dentine that can be laid down. As a 

rule, incremental layers in the dentine of ungulates give an indication of a 

minimum probable age for the individual (Klcvczal, pers. comm.; & personal 

observation) and the nature of the final band may be useful in determining 

the season of death. 

Cementum is a bone-like calcified tissue which surrounds the dentine of 

the root of the tooth. In the high-crowned (hypsodont) teeth of certain 

ungulates the enamel of the crown is also surrounded by cementum. It 

should be noted that owing to the absence of detailed studies of the oral 

histology of the horse and red deer, some of what follows is based on 

extrapolation from other species. The tooth is attached to the surrounding 

bone by the fibres of the periodontal ligament which enter the cementum as 

Sharpey's fibres. Thus, cementum, as a functional component of both the 

tooth and the periodontium, supports the developing tooth during the process 

of eruption and after it has erupted into the mouth. It is thought that when 

the tooth has erupted and is in wear, any cementum of the root (radicular 

cementum) or of the crown (coronal cementum) which is below the bottom 

of the gingival sulcus retains its connection with the periodontal ligament 

and responds to minute changes in the position of the tooth so that correct 

occlusion is maintained. In the teeth of red deer only radicular cementum is 

involved, for cementum does not cover the crown. The crowns of the 

extremely hypsodont teeth of horse continue to grow for some considerable 

time, and migrate towards the occiusal plane in response to wear so that the 

correct relationship between the biting surfaces of the teeth can be main 

tained. At this stage the anatomical crown of the tooth fulfils the functions 

of both crown and roots, and it is likely that apposition of coronal cementum 

continues for as long as it surrounds a part of the crown below the gingival 

sulcus (or crevice). Root development is initiated relatively late in the life of 

the horse tooth. The timing of the development of roots is quoted variously 

as occurring between the ages of 2 and 7.8 years (Levine, 1982, appendix 1; 

after Barone 1954, Cornevin & Lcsbre 1894, Axe 1905) or from the age of 5 

years (Huidekoper (1891), after Girard) or between the ages of 5 and 12-14 

(Sisson & Grosman, 1953). As indicated above, during root development, 

and after roots are fully formed, apposition of radicular cementum ensures 

continued attachment to the alveolar bone via the fibres of the periodonlal 

ligament. It would appear, therefore, that radicular cementum of red deer 

and of horse, and coronal cementum below the gingival sulcus of horse may 

reasonably be expected to be suitable for season-of-death determination. The 

coronal cementum behind the free gingival margin and that visible above 

the gums is, however, no longer active and is unsuitable as a recording 

structure of age and season of death. Since it is less subject to spatial 

constraint, cementum is likely to exhibit more accurate correlation with age 

than dentine, but more delailed developmental dala than is presently available 

for the species under consideration will be needed before accurate determin 

ations can be achieved. 
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The cementum of teeth from archaeological sites may have suffered mech 

anical and/or chemical damage while buried. Thus in some cases, particularly 
where the cemenlum has been abraded or is very friable, the dentine from 

within the body of the tooth, may be in better condition. It is, therefore, 

advisable to study both tissues from each archaeological specimen. 

INCREMENTAL BANDING 

The terminology used in connection with studies of incremental banding 

can be confusing. The causes of the confusion are twofold. Firstly the words 

layer, band and line can be interchangeable in colloquial English and this 
causes problems when they are used to refer to specific zones of cementum 
or dentine. Secondly, zones of cementum or dentine have been referred to 

as light or dark in studies of seasonally but the same zone may look either 
light or dark depending on both the method of preparation and the type of 

microscopy used (see Table II). The terminology used here follows Klevezal 
and Kleinenberg (op.cit.) in that the word layer refers to the zone of 
cementum deposited in one year and the word band refers to the seasonal 

zones within the annual layer. In continental and temperate climates the 
annual layer typically comprises a broad band which appears opaque in thin 

ground sections viewed by transmitted light microscopy and a narrower band 

which is more translucent. As a general rule the opaque band is laid down 

in summer while the translucent band is formed in winter. Nevertheless the 

precise timing of the deposition of the seasonal bands is not known for all 
species of mammals and some studies indicate that it may vary somewhat 
within a single species (Grue & Jensen, 1979). 

Table II—The optical characteristics of cementum and dentine 

(adaptedfrom Klevezal & Kieinenberg, 1967) 

Within the seasonal bands of the annual layer of both these dental tissues 
supplementary lines and minor laminations can sometimes be observed. 

METHODS OF SECTION PREPARATION AND STUDY 

The standard histological techniques of section preparation used for mod 
ern teeth involve demineralization (decalcification) in either a dilute acid 

or achelaling agent, such as EDTA (ethylene diamene tetra-acetic acid). 
Demineralized teeth are then embedded in wax or frozen, sectioned on a 

microtome and stained. The sections are examined using transmitted light 
microscopy. 

In an investigation of seasonalily of reindeer at the French Upper Palaeo 

lithic site of Abri Pataud, Speiss (1979) subjected 171 teeth to histological 
methods but obtained successful results on only a small percentage of them. 
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He concluded thai 'Tooth sectioning by decalcification was not a great 

success, owing to the low collagen content and poor preservation of the 
protein structure of the teeth' (Speiss, op. cit. 188). More recently, Coy et 

al. (1982) described the use of decalcification followed by sectioning with a 

freeze microtome and staining, upon a collection of cattle teeth from an 
urban Anglo-Saxon site. They reported acceptable sections from 37 of 87 

teeth. Saxon and Higham (op. cit.) used a simple petrological method for 
the thin sectioning of sheep molars from an Iron Age Site. They were able 

to show the dentine-cementum junction, and the presence of banding within 
the cementum. 

In my experience incremental layers can be seen best in the cementum and 
dentine of archaeological tooth specimens when petrological, rather than 

histological techniques are used. The use of resin to support teeth during 
sectioning has been successfuliy applied to archaeological specimens of white 

tailed deer (Odocoileus virginianus) (Kay, 1974) and of sika deer (Cervus 

nippon) (Koike & Ohtaishi, 1985). A minimally-destructive method which 

combines the use of denial impression compound with an adaptation of the 

method used by Kay (op. cit.) has been used to obtain readable intact 
sections from a sample of 40 neolithic cattle teeth from the Stepleton 

causewayed enclosure in the Hambledon Hill complex (Beasley, 1984), on 

cattle teeth from Grimes Graves Bronze Age midden (Beasley, Brown & 
Legge, in progress) and on horse teeth from Pcrigordian levels at the French 

Palaeolithic site of Solutre (Beasley & Olsen, in progress). I have found that 

when teeth of horses and cattle have been bisected by diamond saw incremen 

tal bands can be seen in both the cementum and in the dentine without the 

necessity for further treatment but that study is easier after the bisected 

blocks of tooth have been ground and polished using fine wet-and-dry paper 

and water, followed by the use of a slurry of fine abrasive powder and water 

on a piece of plate glass. However, it is useful to examine the surface of the 
ground block of a tooth using reflected light and an intact thin section 

from the same tooth using both reflected and transmitted light because the 

translucent band of the annual layer becomes visible on ground sections 

slightly later in the season of its formation than on thin sections and may 

therefore pass unobserved on thick blocks until the following opaque band 

has started to form. (Klevezal, pers. comm.), 

HORSE TEETH FROM GOUGH'S CAVE 

Outlined below is the method of preparation which was used for two horse 

teeth (BM(NH) M 49749 and BM(NH) M 50038) from Gough's Cave: 

1. The teeth were embedded in dental impression compound, but the upper 

part of the crown of each tooth was left exposed. 

2. Using a water-cooled, rotary diamond-edged saw a transverse cut was 

made through the dental impression compound block. The transverse cut 

surfaces were examined by reflected (incident) light microscopy. 

3. The section of the block enclosing the roots and the lower part of the 

crown was then bisected with the saw in bucco-lingual direction. 

4. Dental impression compound was removed from one of these blocks 

which was then embedded in clear resin using an adaptation of the method 
of Kay (op. cit.). 

5. Using the diamond saw, Lransverse and longitudinal thin sections 

(0.3-0.25 mm) were cut from the resin block. 
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6, The cut surfaces of the thick blocks of tooth were smoothed by gnnding 

and polishing and re-examined by reflected light microscopy. The thin 

sections were examined under (he microscope using transmitted light, 

polarized light and reflected light. Magnifications of between 10xand 

40 x were used to count the bands. At a magnification of 40x and above 

ccmentocyte lacunae and dentinal tubules were visible, particularly when 

the polarizer was used. These features are a useful aid to identification of 

the dentinc-cementum junction. 

The use of this method permits observation of a number of sections, both 

transverse and longitudinal, from each tooth, yet the method is minimally 

destructive as most of the tooth remains; much of the crown is intact, and 

the thin sections arc cut from the centre of the tooth in such a way that one 

half of the embedded root and a sizeable piece of the other are retained. 

The roots of two teeth (P: and P*1) in a fragment of maxilla from Cheddar 
Caves Museum (1.2/11) were broken, so, rather than attempting to extract 

the teeth or, cut through both tooth and bone, the broken surfaces were 

flattened using the disc attachment on a dental drill and polished with fine 

wet-and-dry paper. This procedure gave in effect, transverse sections of the 

roots of each tooth and a tangents] section of root and the lower part of 
the crown of P3. Figs. 1 and 2 show specimen 1.2/11 before and after 
receiving this treatment. Note the minimal amount of alteration to the 

specimen, The sections were examined by reflected light microscopy at 

magnifications of between 10 x and 40 x . 

The state of preservation of the horse teeth was good. All were in full 

wear and had roots. Crown heights were measured according to the system 

described by Levinc (1982). Table III lists crown height and mesiodistal 

diameter for each of these teeth, together with its age estimated to the nearest 

year using Levine's curve adjusted with the fossil data (Lcvine, op. cit.) and 

details of incremental layers observed. The liming of the development of the 

roots of the permanent cheek teeth of horse is such that incremental layers 

in the cementum surrounding them must indicate a minimum age only, but, 

as indicated above, insufficient study has been made of dental development 

in modern equids for us to use layers for more accurate determination of 

age. Were more precise data available on the timing of the development and 

completion of roots of the teeth of horse, analagous to that obtained from 

radiographic examination of modern cattle (Brown, 1959, Brown el al. I960), 

it would be feasible to count annual increments of radicular cementum and 

calculate the age in years of the horse by adding on the relevant age according 

to the developmental data. On the basis of the data cited above (page 117) 

concerning root development, an age of 5 years has been added to the 

cementum layer count to arrive at a provisional estimation of age for the 

Gough's teeth. It is reasonable to suppose that coronal ccmentum remains 

functional so long as it is below the gingival sulcus and might therefore give 

a more reliable indication of age than the cementum surrounding the later-

formed roots, but it would be necessary to section a large sample of modern 

specimens to be sure of this. Interpretation of seasonality is only slightly 

less problematical, due to lack of modern comparative studies. Klevezal 

observed layers in sections of 9 incisors and I molar from Equus hemiomis 

(Klevezal & Kleinenberg, op. cit.); Grue and Jensen (op. cit.) listed horse 

(Equus cabullus) as a species of which fewer than 10 teeth had been sectioned; 

and I have found layers in a sectioned premolar from a 30-year-old Shetland 

pony killed in July 1986. More than 20 annual layers of ccmentum could be 

seen and the final band on both radicular and coronal cementum was opaque. 

On the basis of this one can suggest that the opaque band of cementum in 
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horse teeth is formed in summer but obviously further study of modern 

specimens is required before this can be more than a working hypothesis. 

Interpretations of seasonality on the Gough's horse teeth are, therefore, 

provisional only. 'Summer* is used in the broadest possible sense, i.e. to 
mean 'not winter*. 

Fig. 1—Fragment of maxilla of Equvs ferus containing two 
teeth, p2 and p3, from clieddar caves museum, 1.2/11. 
The maxillary fragment is seen before (above) and 

after (below) surfaces were flattened to permit 

observation of incremental banding. scale in cm 
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Fig. 2—Flattened root surface oi: P2 from 1.2/11 seen from above at the 
POSITION ARROWED IN FlG. 1 

Notes for Table HI opposite 

1: Using Levine's curves adjusted witli fossil dau. 
2: Measurements not available. 
3: Age nol estimated by crown height. 

4: H = Hyaline layer between ilie granular layer ol" Tomes and the firsi-formed cementHtn; 0 ̂ opaque; T=iranapareni. 
5: Lnycr count ■>■ 5 to allow for timing of rool Formation (references died In text). 
r>: Using Hie system ot Klevezal, Orue & Mlna (1981): 

5 = besi; 0 = worst. Readability evaluation is or tlie clarity of the bandfaig. Note reservations on interpretation Mated in text. 
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Results 

In the two horse teeth (M 49749 and M 50038 (Fig. 3) sectioned using the 

method described above, the last-formed band in both corona) and radicular 

cemcntum of each tooth was opaque, considerably broader than the preceding 

transparent band and of approximately the same width as the previous 

opaque band. The dentine also ended on an opaque band on each tooth. 

This suggests that they were killed in summer. 

The polished surfaces from 1.2/11 were examined using reflected light. 

Two annual layers of cementum were visible and on each surface the final 

band of cementum wa.s light and opaque in appearance, but narrower than 

the previous opaque band, indicating that it was still under formation. This 

again suggests summer as the season of death but this horse may have been 

killed earlier in the season than M 49749 and M 50038. 

Fig. 3—Photomicrograph op transverse section op tooth op Equus ferus, Pj, UM(NH) 

50038. (0) denotes opaque bands of cl-mi-ntum thought to represent summer; (t) 

denotes transparent hands thought to represent winter} and (h) denotes the 

hyaline layer at tup dbntine-cbmentum junction. c is a crack. thickness ol; 

cementum™ 0.17mm 

RED DEER TOOTH FROM GOUGH'S CAVE 

BM(NH) M 50047, 1st maxillary molar, in wear, with exposed dentine on 

all cusps but not quite at the stage where the infunclibula would be islands 

of enamel surrounded by dentine i.e. Lj iJ almost 1 I i, using a modification 

of Payne's diagrams for sheep and eoat teeth (Payne, 1973; Deniz & Payne, 

1982). 
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Natural fractures in the tooth enabled a portion of crown and root suitable 

for study to be prised from it, (Fig. 4). The edge of the fragment was 

smoothed down with fine wet-and-dry paper. The cementum of the root was 

then examined by reflected light and appeared to end on a light, opaque 

Fig. 4—First maxillary molar of Cervus elepuas, BM(NH) 50047. The arrows 

I'OiNT TO THE AREA WHERE NATURAL FRACTURES IN THE TOOTH FACILITATED 

THE REMOVAL OF THE FRAGMENT WHICH WAS SECTIONED, SCALE [N CM 

band. The fragment was next embedded in clear resin and a thin section 

(0.25 mm) was cut, using the diamond saw. This was examined at magnifi 

cations from 10 x to 40 x , under the microscope, using reflected, transmitted 

and polarized light. The use of polarized light on the thin section proved 

helpful in identifying the dentine-cementum junction because the hyaline 

layer adjacent to the granular layer of Tomes appeared blue in contrast to 

the brown and beige colouration of the bands in the cementurn. The 

secondary dentine appeared opaque and banding was not discernable within 
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it. Banding in the cementum was clearly visible and is interpreted as follows:— 

The first band of cementum is opaque, bul only clearly differentiated from 

the layer of Tomes and the hyaline layer when observed by polarized light. 

The first band visible in other types of light is translucent. Although data on 

the precise timing of root development and completion in maxillary teeth 

are lacking one can suggest that this translucent cementum may represent 

the deer's first winter. This first winter band is followed by a broad opaque 

summer band. Only one further translucent (winter) band is present in the 

cementum. Opaque summer bands of cementum are, when fully formed, 

characteristically broader than the translucent winter bands. This final opaque 

band of ccmentuni is, in some parts, narrower than the preceding translucent 

band and over most of its length it is narrower than the previous opaque 

band. This indicates that it was still in the process of formation at the season 

H O 1010 

Fig. 5—Photomicrograph of longitudinal section of tooth of Cervus ELEPHAS, M1. (O), 
(T) and (H) as FOR Fig. 3. Thickness of CBMBNTOM = 0.09 MM 

of death. Thus it is possible to suggest that this tooth came from a red deer 

which may have been killed in the spring or summer of its third year of life, 

i.e. at an age of 2+ (Fig. 5 & Table III). A note of caution is necessary 

because the exact timing of seasonal layers in modern populations of Cervus 

etephas is not fully understood. Although one can refer to summer and 

winter bands of the annual layer, studies in different countries (Mitchell, 

1967; Almasan & Rieck, 1970; Smith, 1974) have shown that the timing of 

the bands is not always exactly the same, with winter band formation 

occurring later in Norway and Denmark than in Scotland (Grue & Jensen, 

op. cit.). Clearly we do not know the precise timing of seasonal bands during 

the Lateelacial Intcrstadial in southern Britain. 
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CONCLUSIONS 

A recent study of immature red deer jaws (2 maxillae and 3 mandibles, 

representing 4 individuals) from Gough's Cave provides evidence which 

indicates that the cave was probably used in winter (Parkin, Rowley-Conwy 

& Sergeanrson, 1986). On the other hand, four horse teeth, from three 

mature individuals, and one tooth from a mature red deer presented in this 

report all show a final opaque band, which is most likely to represent a 

summer kill. In my opinion, it would be foolhardy to pinpoint the time of 

death of either the horses or the deer represented by the sectioned teeth to a 

particular month of the year, although the general conclusion from the tooth 

sectioning experiments points to a summer occupation. Bearing in mind the 

indications for winter occupation found by Parkin et al., a tentative con 

clusion would support the use of the site in both winter and summer, either 

continually or in a series of intermittinent visits. 
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