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Fluorine Dating of a Human Talus from Hijiridake Cave

By
Shuji MATSU’URA

Department of Anthropology, National Science Museum, Tokyo

Abstract Fluorine dating approach indicates that a human talus remain found in
March 1983 at Hijiridake Cave in Oita Prefecture, Japan, may be referred to the Pleis-
tocene; probably the end phase of this epoch in consideration of archaeological con-
texts of the cave.

Introduction

Hijiridake Cave, located in the southern part of Oita Prefecture in Kyushu, is one
of the important palacoanthropological and archaeological sites in Japan. Excava-
tions in 1962 of the limestone cave sediments there (GoTo, 1964; KAGAWA, 1967)
yielded human bones with a micro-blade industry of around ~ 14 kyr BP (see Suz UK,
1984) and with artefacts of the mediaeval times. In March 1983, some additional
skeletal remains happened to come to light when three archaeologists, Messrs. Chuji
Suzuki, Hideki YaMAsHITA and Shunichi WATANUKI, looked over the cave site. Of
these remains, a human left talus has received attention from Professor Jiro IKEDA
taking notice of the sensibly fossilized conditions and morphological characteristics.

To examine the possibility of the surface find, talus specimen, belonging to the
Pleistocene epoch, the fluorine dating method (see OAKLEY, 1951, 1980; MATSU’URA,
1982) has been applied as reported here. Lacking an adequate ‘pilot series’ (see
OAKLEY, 1951) of animal remains from the same and/or neighbouring sites, bone
specimens of known ages deriving from limestone caves or fissures in Honshu have
been also assayed, and a compilation of analytical data both past and newly obtained
forms a tentative reference for the fluorine dating of the talus in question.

Materials and Methods

Compact tissue samples of bone remains, unearthed from Locality 3 of Ube-
Kosan Quarry, Tanuki-ana Cave, Taishaku Yosekura Rock-shelter, and Taishaku
Kannondo Cave (Fig. 1), were prepared just as described in MATSU’URA (1982) and
analysed for fluorine using the fluoride electrode technique (e.g. MATSU URA, 1981a).
The buffer medium employed in the electrode measurement is of 0.125 M HCI-0.25 m
NaCitrate-0.075 M KNOj; system (MATSU’URA, 1984).

A sample of the human talus from Hijiridake Cave was prepared by making two
separated drill holes in substantia spongiosa and mixing the powder so obtained. This
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Fig. 1. Locations of fossil-bearing sites involved in this paper.

1, Hijiridake Cave in Honjo-mura, Minami-amabe-gun, Oita Prefecture; 2, Locality 3
of Ube-Kosan Quarry in Mine City, Yamaguchi Prefecture; 3, Tanuki-ana Cave in Shuho-
cho, Mine-gun, Yamaguchi Prefecture; 4, Taishaku Yosekura Rock-shelter and Taishaku
Kannondo Cave in Tojo-cho, Hiba-gun and in Jinseki-cho, Jinseki-gun, Hiroshima Pre-
fecture, respectively; 5, Ushikawa Fissure in Toyohashi City, Aichi Prefecture; 6, Suse
Cave in Toyohashi City, Aichi Prefecture; 7, Tadaki Fissure in Mikkabi-cho, Inasa-gun,
Shizuoka Prefecture; 8, Gansuiji (Negata) Fissure in Hamakita City, Shizuoka Prefecture.

was then analysed for fluorine by the same method mentioned above, and for phosphate
by normal volumetry after precipitation as ammonium phosphomolybdate (see
MATSU’URA, 1982).

Results and Comments

Table 1 gives average fluorine content in substantia compacta of bones from calcif-
erous sediments in the central and southwest part of the Main Island of Japan. In-
dividual analyses obtained in the present work are tabulated in Tables 2-5.

The accumulation rate of fluorine in bone substances is so dependent on burial
environments that comparison of fluorine content should be made between skeletal
materials from comparable matrix (OAKLEY, 1951, 1980; MATSU’URA, 1982). Table
1 strongly suggests that the fluorine test may assist the relative dating of bone remains
deriving from limestone cave/rock-shelter deposits and fissure fillings. For example,
as far as the specimens from the two sites in Taishaku Ravine are concerned (Table 1,
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4, 5), the content of this element varies consistently with age.

The data in Table 1 would lead us to suppose that a level of 0.5 % F can be a pro-
visional reference for a fossil bone from a limestone site in the general area seen in Fig.
1 to be attributed to the Pleistocene in age.

Now let us concern ourselves with the human talus from Hijiridake. The analyses
of the cancellous tissue sample yielded F=0.634 9%, and P,0,=22.8 %, which derive a
fluorine/phosphate ratio of 100x F/P,0;,=2.78. This phosphate measurement gives
evidence that the bone sample suffered appreciable contamination from soil particles
or extraneous mineral matter, since compact regions of fossilized bones carry ca. 32—
369 P,O; content in general (see MATSUBARA, 1980; MATSU’URA, 1982 and unpub-
lished data; and others). The above result for fluorine, thus, has been ‘diluted’ and
should be compensated for the contamination (see MATSU'URA, 1982) so as to be com-
pared with data on compact bones. A correction of the fluorine measurement on the
Hijiridake talus sample to 34 % P,O;, as an expected phosphate content of fossil bone
with little contamination, yields a value of 0.95%F.

Two skull fragments belonging to Layer III Man 1 and 2 of Hijiridake, which are
of the End Pleistocene in age, are reported to have 0.56 %F and 0.55 % F respectively;
and a mediaeval human remain from the same site, 0.2 %F (TANABE in OGATA, 1981).

Comparison of lines of the fluorine data presented before argues the talus in ques-
tion to date well back to the Pleistocene. However, acknowledging the possible
fluctuation in fluorine content of bones from a given stratum (see Tables 1-5, and
MATSU'URA, 1982), and considering that the earliest evidence for human occupation
of Hijiridake Cave occurs in a micro-blade phase of around ~ 14 kyr BP (Gorto, 1964;
KAGAWA, 1967; Suzuki, 1984), it is concluded at present that the human talus speci-

men may be also assigned to that Sendoki (i.e. Preceramic: see TSURUMARU, 1984)
cultural stage.

Acknowledgements

I am much indebted to Professor Jiro IKEDA of Department of Physical Anthro-
pology, Faculty of Science, Kyoto University, Mr. Chuji Suzuki and Mr. Hideki
YAMASHITA of Department of Archaeology, Heian Museum of Ancient History,
Palacological Association of Japan, Inc., and Mr. Shunichi WATANUKI for the sample
of the human talus from Hijiridake Cave and for their interest which greatly aided
this work. I have to record my gratitude to the Research Group of Taishaku-kyo
Sites based in Faculty of Literature, Hiroshima University, for the Taishaku Kannondo
Cave material, to Dr. Yoshinari KAWAMURA of Department of Earth Sciences, Aichi
University of Education, for bone samples from Locality 3 of Ube-Kosan Quarry and
Tanuki-ana Cave, to Dr. Hajime SAKURA and Dr. Bin YAMAGUCHI of Department of
Anthropology, National Science Museum, Tokyo, for reviewing the manuscript, and
to Miss Akiko NAKATSUKA of the same department for Fig. 1.



Fluorine Dating of a Human Talus from Hijiridake Cave 5

References

Goro, S., 1964. Hijiridake doketsu iseki (Hijiridake Cave site). Oita-ken Chiho Shi (History of
Oita Prefecture and District), No. 34: 3-12. (In Japanese)

ICHIKAWA, Y., T. NagaTomo and N. HAGIHARA, 1978. Thermoluminescent dating of Jomon pattern
pottery from Taishaku valley. Archaeometry, 20: 171-176.

KAGAWA, M., 1967. Oita-ken Hijiridake doketsu (Hijiridake Cave in Oita Prefecture). In “Nippon
no Doketsu Iseki (Cave Sites in Japan)”, Tokyo, Heibon-Sha, 278-283. (In Japanese)

Kawmer, T. and Research Group for the Biogeography from Wiirm Glacial, 1981. Fauna and flora of
the Japanese Islands in the Last Glacial time. Quaternary Research (Japan), 20: 191-205. (In
Japanese with English abstract)

KAWAMURA, Y., 1984. Yamaguchi-ken Mine-shi Ube-Kosan saisekijo san no kogata honyu-dobutsu
kaseki (2) (Small mammalian fossils from Ube-Kosan Quarry in Mine City, Yamaguchi Pre-
fecture—2). Presented at the 1984 Annual Meeting of the Geological Society of Japan (Preprint,
p. 315). (In Japanese)

MATSUBARA, S., 1980. Barite and carbonate-apatite constituting fossil dinosaur bone in sandstone
from Berivotra, Madagascar. Bulletin of the National Science Museum, Tokyo, Ser. C (Geology),
6: 27-31.

MATSU’URA, S., 1981a. Determination of fluorine in fossil bone with an ion-selective electrode.
Bulletin of the National Science Museum, Tokyo, Ser. D (Anthropology), 1: 7-16.

MATSU'URA, S., 1981b. Aspartic acid racemization dating of fossil bones from the Layer 25 of
Taishaku-Kannondd Cave site. Annual Bulletin of Hiroshima University Taishaku-kyo Sites
Research Centre, 4: 89-94. (In Japanese)

MATSU'URA, S., 1982. A chronological framing for the Sangiran hominids; Fundamental study by
the fluorine dating method. Bulletin of the National Science Museum, Tokyo, Ser. D (Anthro-
pology), 8: 1-53.

MATSU'URA, S., 1984. Fluorine test on human skeletal remains from the Ebishima shell mound in
Iwate Prefecture. Memoirs of the National Science Museum, Tokyo, No. 17: 189-192. (In Japa-
nese with English summary)

MATSU’URA, S. and N. UETA, 1980. Fraction dependent variation of aspartic acid racemization age of
fossil bone. Nature, 286: 883-884.

OAkLEY, K. P., 1951. The fluorine-dating method. Yearbook of Physical Anthropology, 5: 44-52.

OAKLEY, K. P., 1980. Relative dating of the fossil hominids of Europe. Bulletin of the British
Museum (Natural History), Geology, 34: 1-63.

0GATA, T., 1981. Kyusekki-jidai jinkotsu (Human skeletal remains of the Palaeolithic period). In
OGATA, T. (ed.) “Jinruigaku Koza (Anthropology), Vol. 57, Tokyo, Yuzankaku-Shuppan, 7-25.
(In Japanese)

Suiomr, H., H. Funta and T. KAWAGOE, 1976. Excavations at Taishaku Kannondo Cave site. In
MaTsuzakl, H. (ed.) “The Sites of the Taishaku Ravine”, Tokyo, Aki-Shobo, 80-103. (In Japanese)

SUGIHARA, S., M. TozawA, S. KoBAYASHI, et al., 1976. Excavations at Taishaku Yosekura Rock-
shelter site. In MaTsuzaki, H. (ed.) “The Sites of the Taishaku Ravine”, Tokyo, Aki-Shobo,
41-79. (In Japanese)

Suzuki, C., 1984. Sendoki-jidai no Chishiki (Knowledge of the Preceramic Period). Archaeology
Series, Vol. 3, Tokyo, Tokyo-Bijutsu. (In Japanese)

TakarL F. and Y. HASEGAWA, 1966. Vertebrate fossils from the Gansuiji formation. Journal of the
Anthropological Society of Nippon, 14: 155-167. (In Japanese with English abstract)

TANABE, G., 1962. Fluorine contents of human bones found at Pleistocene deposits of Mikkabi.
Journal of the Anthropological Society of Nippon, 10: 41-45. (In Japanese with English abstract)

TANABE, G., 1966. Fluorine contents of human bones from Pleistocene deposits of Hamakita. Journal
of the Anthropological Society of Nippon, 14: 168-171, 176. (In Japanese with English abstract)

TsurUMARU, T., 1984. “Paleolithic” or “Sendoki? Prehistorical Newsletter of Japan (Institute of
East Asian Prehistory), No. 1: 4-5.



Shuji MATSU URA

Table 2. Analysis of fluorine in compact bone of animal
remains from Locality 3 of Ube-Kosan Quarry.

Thickness

: Thickness
o . of ;
Fluorine Fluorine
Specimen ct:pmpact content Specimen compact . htent
issue at (%) tissue at (%)
analysed C analysed 0
part (mm) part (mm)
long bone, shaft 2.4 0.541 cervid?, femur?, shaft 2.9 0.915
long bone?, shaft? 3.4 0.577 long bone, shaft 1.4 0.915
indeterminate 2.5 0.599 long bone, shaft 2.8 0.929
long bone, shaft 3.0 0.633 indeterminate 1.8 0.938
cervid, antler 4.2 0.668 indeterminate 1.5 0.950
long bone, shaft 2.6 0.719 long bone, shaft 2.2 0.967
long bone, shaft 1.6 0.799 indeterminate 2.5 1.03
cervid, femur, shaft 2.6 0.812 long bone, shaft 1.4 1.08
long bone, shaft 2:7 0.815 long bone?, shaft? 1.1 1.14
long bone, shaft 2.9 0.820 indeterminate 1.8 115
long bone?, shaft? 1.8 0.89%4 long bone, shaft 3.5 1.16
Table 3. Analysis of fluorine in compact bone of Early Holocene
animal remains from Tanuki-ana Cave.
Thickness Thickness
of . of .
Fluorine Fluorine
Specimen ct:pmpact content Specimen compact ., ient
issue at O4) tissue at (%)
analysed o analysed 9
part (mm) part (mm)
rib 1.0 0.269 long bone, shaft 1.9 0.377
rib | 0.289 long bone, shaft 2.1 0.447
long bone, shaft 2.0 0.315
Table 4. Analysis of fluorine in compact bone of human remains from a later
Late Jomon stratum of Taishaku Yosekura Rock-shelter.
Thickness Thickness
of 5 of ;
Fluorine Fluorine
Specimen ipmpact content Specimen compact . hent
issue at (%) tissue at (%0
analysed o analysed L
part (mm) part (mm)
female, radius, shaft 3.5 0.033 female, tibia, shaft 1.7 0.057
male, radius, shaft 1.7 0.043 male, femur, shaft 5.7 0.070
female, femur, shaft 6.1 0.044
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Table 5. Analysis of fluorine in compact bone of animal remains
from Taishaku Kannondo Cave.

Specimen

long bone, shaft
metacarpus, shaft

cervid, metacarpus, shaft

long bone, shaft

deer, metacarpus, shaft

long bone, shaft
long bone, shaft
long bone, shaft
deer, rib

long bone, shaft
long bone, shaft
deer, tibia, shaft
long bone, shaft
long bone, shaft
long bone, shaft
rib

proximal phalange

long bone, shaft

long bone, metaph. part
proximal phalange

long bone, shaft
rib

phalange

long bone, shaft
long bone, shaft
irregular bone
long bone, shaft
long bone, shaft
long bone, shaft
long bone, shaft
long bone, shaft
long bone, shaft
long bone, shaft
long bone, shaft
long bone, shaft

cervid, humerus, shaft

long bone, shaft
long bone, shaft
long bone, shaft

Layer

upper 19
mid. 19
mid. 19
mid. 19
mid. 19
lower 19
lower 19
19

mid. 20
mid. 20
lower 20
lower 20
20

20

20
lower 21
21

21

22

22

22

23B
23B
23B
23B
23B
23B
23B
25B
25B
25B
25B

25B
25B
25B
25B
25B
25B
25B

Thickness of
compact tissue
at analysed part
(mm)

Fluorine
content

(%)
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0.117
0.060
0.114
0.127
0.141
0.325
0.331
0.384
0.408
0.538
0.261
0.302
0.526
0.552
0.632
0.272
0.500
0.576
0:535
0.536
0.605
0.303
0.321
0.470
0.477
0.592
0.621
0.640
0.486
0.503
0.556
0.564
0.570
0.581
0.712
0.724
0.841
0.868
0.910
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