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Teeth of Homotherium latidens recovered from late Pleistocene sediments, Kents Cavern, England have
long been the source of controversy. H. latidens is conspicuously absent from other late Pleistocene cave
deposits in Britain, and is widely thought to have been extirpated from the region during the isotope
stage 10 glacial period. Here we present high spatial resolution analyses of ﬂuorine and uranium uptake
proﬁles in teeth of three species from the same cave. The H. latidens tooth is clearly distinguished from
the unambiguously provenanced Late Pleistocene hyaena and Middle Pleistocene cave bear teeth. These
results are consistent with the theory that the H. latidens teeth originated at an exogenous location, were
probably transported to Kents Cavern as Palaeolithic trade goods, and were buried in Kents Cavern in
Palaeolithic times.
Ó 2012 Elsevier Ltd. All rights reserved.
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1. Introduction
Kents1 Cavern, located on the southwest coast of England in
a suburb of the town of Torquay (50.4677 N, 3.5028 W, Fig. 1), is
arguably Britain’s most signiﬁcant “bone cave”, yielding a record of
humans and biota extending back to the mid-Pleistocene. The
earliest excavations were begun by T. Northmore in 1824, and then
taken up by the Rev. J. MacEnery in November 1825 (Kennard, 1945).
Subsequently, very large-scale excavations by William Pengelly
were conducted over a 15-year period (1865e1880) and established
new standards for palaeontological and archaeological excavation
(Warren and Rose, 1994; McFarlane and Lundberg, 2005).
The stratigraphy of the Kents Cavern deposits is complex, and
was recalcitrant to dating until quite recently (Lundberg and
McFarlane, 2007); however, the basic sequence established by
Pengelly remains valid. An enigmatic lowest stratum of archaeologically and palaeontologically sterile “Red Sands” is succeeded by
the “Breccia”, containing abundant remains of the cave bear Ursus
deningeri/speleaus (McFarlane et al., 2011), now known to be of
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latest marine isotope stage (MIS) 12 or earliest MIS 11 age
(Lundberg and McFarlane, 2007). The Breccia has also yielded
human artifacts (Lowe, 1916) of late Cromerian (MIS 13) age which
were introduced into the cave by MIS 12 debris ﬂows (Lundberg
and McFarlane, 2007).
The Breccia is succeeded by the “Crystalline Stalagmite”, a massive
ﬂowstone deposit with a complex history and spatial distribution
that spans MIS 11eMIS 5e, and which is unconformably capped by
the “Cave Earth”. The Cave Earth originally reached a depth of at least
4 m in some parts of the cave, and was richly invested with a diverse
but typical British Late Pleistocene fauna dominated by hyaena
(Crocuta crocuta), wolf (Canis lupus) and several species of cervid.
The discovery of a human maxillary fragment in 1927 (Dowie and
Ogilvie, 1927) has drawn considerable and continuing attention to
the archaeological signiﬁcance of the cave (e.g., Higham et al., 2011).
Numerous ﬁnite radiocarbon dates have been published on the
bones of Cave Earth mammals; a recent Bayesian statistical analysis
of Cave Earth radiocarbon dates implies a date span of 26,000e
54,000 (1 sigma conﬁdence limits; Higham et al., 2011), which is
MIS 3. Deposition of the Cave Earth was terminated by the onset of
the MIS 2 glacial maximum; speleothem deposition was re-initiated
in the early Holocene and emplaced as much as 2 m of the “Granular
Stalagmite”, which in places ﬁlled the cave almost to the roof.
In 1826, MacEnery’s excavations (Vivian, 1859) yielded
a remarkable clutch of ﬁve distinctively-serrated canine teeth of
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Fig. 1. Location map showing Kents Cavern, with glacial ice limits and palaeo-shorelines shown (after Cullingford, 1982; Croot and Grifﬁths, 2001, and coastline at 20 ka, Cambridge
University, 2009). Inset: K.C. ¼ Kents Cavern; C.F.B. ¼ Cromer Forest Bed; C.C. ¼ Creswell Crags.

an unknown, large carnivore. By March of that year, Georges
Cuvier had identiﬁed the animal as a bear, Ursus cultridens. By
1844, Richard Owen had redeﬁned the taxon as the cat Machairodus latidens (Owen, 1843), subsequently Homotherium latidens.
MacEnery’s specimens were recovered from the Cave Earth
(Austen, 1842), but more precise details of their stratigraphic
context were not recorded. In addition to these ﬁve canines, a total
of ﬁve Homotherium incisors are now known from the Kents
Cavern excavations (Kennard, 1945), but only a single specimen,
excavated by Pengelly (Pengelly, 1869), can now be precisely

placed in its original location. This Pengelly specimen (Pengelly
#5962) was found on 29th July 1872 in the 48th Series, 4th
Parallel, 1st Level, prism 1 Right. Pengelly’s excavation referencing
system has been reconstructed (McFarlane and Lundberg, 2005);
thus the precise location of the original location of the specimen
can now be determined (Fig. 2). What is clear is that Pengelly
#5962 was recovered from the uppermost part of the Cave Earth
(0e30 cm depth), consistent with MacEnery’s assignment of the
ﬁve canines to the Cave Earth (Vivian, 1859) and thus stratigraphically referable to the Late Pleistocene.

Fig. 2. Survey of Kents Cavern showing location of the three specimens (Homotherium e blue triangle, Crocuta e black square; Ursus e purple circle) and distribution of Breccia
(grey, shaded) and Cave Earth (yellow, stippled). Survey after Proctor and Smart, 1988, distribution of Breccia and Cave Earth after Straw, 1997. (For interpretation of the references to
colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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Fig. 3. Homotherium latidens. A. Cut, polished section showing location of the two transects. The enamel (outlined in thin black line) is very poorly preserved, being thin and pitted,
and completely missing in places. The dark material ﬁlling the cracks is an epoxy used to hold the sample together. Enamel/dentine boundary is shown with a ﬁne black dashed line.
B. Proﬁles of uranium (green triangles and red squares) and ﬂuorine (blue diamonds and turquoise circles), normal to the enamel/dentine boundaries. The curves (dashed for
uranium and solid for ﬂuorine) are ﬁtted only to the dentine part of the proﬁle. Distance is plotted relative to the inner and outer edges of the dentine. (For interpretation of the
references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)

The signiﬁcance of a purported Cave Earth origin for H. latidens
(i.e., in MIS 3 deposits) derives from the fact that the taxon ﬁrst
appears in the British record in the Cromer Forest Bed (Backhouse
and Lydekker, 1886; Lankester, 1869), now known to be of MIS 17
age (Parﬁtt et al., 2005), but with one other exception is entirely
absent from the rich and extensive British Late Pleistocene record.
The species has, until recently, been thought to have become
extinct in the Middle Pleistocene in continental Europe as well
(Turner and Anton, 1999), where it has been proposed (Boule, 1906)
that Homotherium may have been replaced by the cave lion, Panthera leo. P. leo survived in Britain until Late Pleistocene times and is
known from both the Kents Cavern Breccia (Pengelly #’s 6482,
6607) and the Cave Earth (Pengelly #’s 2073, 2484, 3384, 3755,
4156, 5734, 6010).
The remaining British cave record of Homotherium is a single
canine from Robin Hood’s Cave, Creswell Crags, Nottinghamshire,
found by William Boyd Dawkins in 1877 (Dawkins, 1877). The
origin of this tooth was hotly debated by Dawkins and Thomas
Heath, the latter arguing that the canine had been introduced to the
site by persons unknown (Heath, 1879, 1880). Heath’s position was
accepted by Kennard (1945), who extended the argument to
propose that the Kents Cavern specimens were introduced into the
Cave Earth by (prehistoric) human agency, noting that bear teeth
from the Kents Cavern Breccia had been used as tools (modern
studies have not conﬁrmed worked tooth or bone from the Breccia,
but ﬂint artifacts are present, c.f. Cook and Jacobi, 1998). Heath’s
argument that the Creswell specimen was introduced scurrilously
at the time of the excavation is now complicated by the fact that
a second controversial ﬁnd e a rib bone engraved with a horse head
e is known from the same site. Nonetheless, the consensus that the
engraved rib is a genuine Upper Palaeolithic artefact (e.g., Pettitt,
2003) has no bearing on the possibility that the Creswell Homotherium tooth was introduced by prehistoric human agency.
Gilbertson (1989) discusses the possibility that the Creswell specimen derives from a lower, much older stratum, but this has not yet
been fully investigated.
Finally, the apparent absence of H. latidens from the British Late
Pleistocene has been further complicated by the recovery of
a H. latidens mandible from a North Sea dredge sample, which
yielded a radiocarbon age of 27,650  280 (Reumer et al., 2003). If
this radiocarbon age is correct, then it is possible that the species
did in fact persist into the Late Pleistocene of what are now the
British Isles (but see Antón et al., 2005, for an alternative

explanation). Contrary to this interpretation is the complete lack of
any evidence in the hundreds of richly fossiliferous British Late
Pleistocene mammal sites which have been studied over the past
150 years, and the inexplicable lack of any molars, cranial, or
postcranial Homotherium bones in the intensively-studied Kents
Cavern and Robin Hood’s Cave deposits.
The situation at Kents Cavern, where two likely contexts for the
origin of the H. latidens material e Cave Earth versus Breccia e are
separated in time by a factor of ten, produces an opportunity for
a geochemical solution to the dilemma. Here we exploit the
tendency for teeth to act as geochemically-open systems, absorbing
elements from the surrounding matrix over time. Working on the
basic principles that total absorption generally increases with time,
and that matrix composition inﬂuences the suite of elements
absorbed, we compare the Homotherium tooth of controversial age
and origin with two other teeth of known age and origin.
2. Materials and methods
MacEnery’s Kents Cavern Homotherium canine, specimen “C” of
Kennard (1945), is currently in the collections of the British
Geological Survey, accession number GSM62957. A fragment of
tooth was cut (with a diamond saw) for comparison with similar
samples cut from an unambiguously provenanced Breccia specimen (U. deningeri, 67042; P14327, Torquay Museum), and a Cave
Earth specimen (Crocuta crocuta, 4/49342; P7026, Torquay
Museum). Specimens were sectioned transversely (Figs. 3e5A),
pressed into ultrapure indium, and polished to a 0.3 mm ﬁnish.
Fluorine uptake proﬁles were determined by secondary ion mass
spectrometry (SIMS) using a caesium ion beam on a Cameca IMS
1280 instrument with a spatial resolution of 30 mm. Uranium
uptake proﬁles and elemental composition were determined using
a New Wave ultraviolet (213 nm) laser ablation system interfaced
with a GBC Optimas 8000 time-of-ﬂight inductively coupled
plasma mass spectrometer (LA-ICPMS). Ablation pit size was
30 mm. Data were converted to absolute values by reference to
a calcium phosphate standard (gem grade apatite) analysed by
solution ICPMS (Activation Laboratories, Canada). Statistical analysis was carried out with the software PAST, version 2.11 (Hammer
et al., 2001).

2

Original Pengelly excavation codes.
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Fig. 4. Crocuta crocuta. A. Cut, polished section showing transect line. Enamel/dentine boundary shown with ﬁne black dashed line. The dark material ﬁlling the cracks is an epoxy
used to hold the sample together. B. Proﬁles of uranium (green triangles) and ﬂuorine (turquoise circles), normal to the enamel/dentine boundaries. The curves (dashed for uranium
and solid for ﬂuorine) are ﬁtted only to the dentine part of the proﬁle. Distance is plotted relative to the inner and outer edges of the dentine. (For interpretation of the references to
colour in this ﬁgure legend, the reader is referred to the web version of this article.)

3. Results and discussion
3.1. Fluorine and uranium uptake proﬁles
Fluorine and uranium uptake proﬁles for all three specimens are
markedly distinct. The U. deningeri tooth, from the Kent’s Cavern
Breccia and dated at w400 ka (Lundberg and McFarlane, 2007) has
a relatively high ﬂuorine (0.41  0.15 ppm) and moderately high
uranium (5.2  1.2 ppm) content and an essentially ﬂat uptake
proﬁle across the enamel/dentine e a pattern consistent with the
tooth having equilibrated with the environmental concentrations
of these elements during its extended period of burial. The
Homotherium specimen, having signiﬁcantly lower concentrations
of ﬂuorine (0.02  0.05 ppm) and very signiﬁcantly higher
concentrations of uranium (221  468 ppm) and a steep uptake
proﬁle across the enamel/dentine for both elements (except for
transect 2, where it is assumed that U has been weathered out)

together with a distinctive trace element signature, can be conﬁdently rejected as a mis-located Breccia specimen.
Comparison of the Homotherium and Crocuta specimens also
reveals distinctive differences. In gross external appearance, the
enamel of the Homotherium canine is weathered, fractured, and
delaminating from the underlying dentine (Fig. 6A). The enamel of
the Crocuta tooth, in keeping with scores of other carnivore teeth
from the Cave Earth, is in excellent condition and shows no sign of
weathering, fracturing or delamination (Fig. 6B). The Homotherium
ﬂuorine and uranium proﬁles appear to show that post-burial
alteration was focused along the enameledentine interface. We
hypothesize that the Homotherium enamel was weathered and
partially delaminated by sub-areal exposure prior to burial in the
Cave Earth, allowing free access of sediment pore water to the
enameledentine interface. In contrast, penetration of ﬂuorine and
uranium into the Crocuta tooth is minimal (U ¼ 0.67  0.24 ppm,
F ¼ 0.09  0.22 ppm) resulting in a steep uptake proﬁle across the

Fig. 5. Ursus deningeri. A. Cut, polished section showing location of two transects. The dark material ﬁlling the cracks is an epoxy used to hold the sample together. Enamel/dentine
boundary shown with ﬁne black dashed line. B. Proﬁles of uranium (green triangles and red squares) and ﬂuorine (blue diamonds and turquoise circles), normal to the enamel/
dentine boundaries. The curves (dashed for uranium and solid for ﬂuorine) are ﬁtted only to the dentine part of the proﬁle. Distance is plotted relative to the inner and outer edges
of the dentine. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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Fig. 6. External appearance of the enamel of the (A) Homotherium, and (B) Crocuta specimens.

enamel and a distinct proﬁle across the dentine originating at the
pulp cavity.
Living teeth are generally low in uranium and ﬂuorine content.
Post-mortem absorption is presumed to occur from those surfaces
in contact with the surrounding matrix The Homotherium specimen
(Fig. 3A,B) generally shows a distinct pattern of substantial uptake
close to the enamel/dentine boundary, lesser uptake close to the
inner dentine/matrix boundary, and lower values in the centre of
the tooth. The low concentrations in the thin, pitted and occasionally missing enamel suggest either that the enamel posed no
substantial barrier to elemental migration (which may have
occurred preferentially through the cracks, pits, gaps), or that more
recent weathering has leached the enamel of its U (especially
apparent in transect 2). This latter interpretation is supposed by
similarly lower values in the enamel for Ca, Pb, Ba, Sr, and Co (a
pattern that does not occur in the non-weathered Crocuta and Ursus
enamels).
Although the absolute concentrations are very different,
uranium and ﬂuorine uptake in the other tooth from the Late
Pleistocene Cave Earth, Crocuta, has the same basic pattern of
absorption into the surfaces exposed to the matrix. However, in this
case, the enamel is enriched relative to the dentine, the inner
Table 1
Summary of average concentrations.

F ppm
U ppm

Homotherium

Crocuta

Ursus

0.02  0.05
221  468

0.09  0.22
0.67  0.24

0.41  0.15
5.2  1.2

dentine edge shows only slight enrichment, and the middle dentine
has virtually no enrichment.
The proﬁle of uranium and ﬂuorine concentrations in the Ursus
tooth is quite distinct, the whole tooth being equally enriched.
3.2. Absolute concentrations of ﬂuorine and uranium
A comparison of the absolute concentrations of ﬂuorine and
uranium in the three teeth is instructive (Table 1, Fig. 7). For ﬂuorine
concentration, Ursus stands out from the other two. The Breccia and
the Cave Earth, being both of local provenance, have similar
concentrations of ﬂuorine. If we assume that absorption of ﬂuorine
is largely a function of the time available since burial (an assumption supported by the signiﬁcantly higher concentration in the MIS
11/12 Ursus tooth than the MIS 3 Crocuta tooth) and we assume that
the Homotherium was deposited, and remained throughout its
history, in the Cave Earth, then we conclude that the Homotherium
may be of similar age to the Crocuta.
However, we must also consider the evidence from the uranium
concentration. At the two extremes are Homotherium with
extremely high concentration (plotted as log scale in Fig. 7B), and
Crocuta with very low concentrations. Uranium concentrations vary
greatly with matrix composition, and the amount absorbed from any
one matrix will increase over time. All the sediments in Kents Cavern
are of approximately the same provenance and can be expected to
have roughly the same uranium content. Thus the higher uranium
concentration in the older Ursus versus its low concentration in
Crocuta is consistent with absorption over a longer time period. If the
Homotherium tooth had indeed been in situ in the Cave Earth

Fig. 7. Comparison of uptake proﬁles in Homotherium, Crocuta and Ursus specimens. A. Fluorine. B. Uranium (using log scale).
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may also bear on the provenance of the Homotherium tooth, and
perhaps the loosely associated engraved rib bone (British Museum #
Christy Collection þ8164) from Robin Hood’s Cave, Nottinghamshire, which remains the only piece of ﬁgurative Upper Palaeolithic
animal art of its kind known from Britain (Palaeolithic petroglyphs
are now known from three British locations; Gough’s Cave, Cheddar;
Cathole, Gower, and Creswell Crags (Ripoll et al., 2004)).
Acknowledgements

Fig. 8. Principal coordinates (BrayeCurtis), using Cu, Zn, Y, Zr, U. Blue solid triangles:
Homotherium; Black solid squares: Crocuta; Purple solid circles: Ursus. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web
version of this article.)

throughout its history, then the uranium concentration evidence
would be in conﬂict with the radiocarbon dates on the Cave Earth. If
the Homotherium had instead originally been deposited in the
Breccia, then it should approximately match the Ursus data. Therefore, we conclude that the substantially higher uranium concentration in the Homotherium specimen indicates an origin in a matrix
that is geochemically distinct from anything at Kents Cavern.
3.3. Trace element signatures
Principal coordinates analysis (BrayeCurtis metric) of the
concentrations of copper, zinc, yttrium, and zirconium in the
enamel of the three specimens demonstrates that these signatures
are distinctive (Fig. 8), and that Homotherium trace element
signature is quite unlike either the Late Pleistocene Crocuta or
Middle Pleistocene Ursus from Kents Cavern. As with the uranium
and ﬂuorine proﬁles, the implication is that the Homotherium
specimen drives from a very different location.
4. Conclusion
Distinct differences in absolute concentrations and in uptake
proﬁles of ﬂuorine and uranium suggest that the Homotherium
sample recovered from the Cave Earth in Kents Cavern cannot be
matched with either the Cave Earth Crocuta sample or the Breccia
Ursus sample. The most parsimonious explanation for these
differences is that the Homotherium specimen originated at an
exogenous location where it experienced signiﬁcant weathering,
and was subsequently transported to Kents Cavern and buried in
the Cave Earth.
The true origin of the Kents Cavern Homotherium teeth cannot be
established on the basis of currently available data, but an origin in
what is now continental Europe would be consistent with the
absence of Homotherium cranial or postcranial material in any
British Late Pleistocene cave deposit, and implies that the teeth may
have travelled to Kents Cavern as Palaeolithic trade goods as was
proposed by Kennard (1945). If this interpretation is correct, then it
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