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Introduction

Palacoanthropological researches in these twenty years have been revealing the
tempo and mode in human evolution. The greater part of recent advance in palaeo-
anthropology may be assigned to the Plio-Pleistocene localities in the East African
Rift such as Olduvai Gorge, the Koobi Fora region and the Omo basin. These
localities are weighty in that within stratified sequences there spanning over a million
years series of fossil hominid material have been found through organized explorations
and in that the better radiometric ages of the fossil bearing beds have been measured.

The Sangiran area in Central Java, which has yielded many remains of early man
amounting to at least 34 individuals since 1936, is the only site in Asia that shows pro-
mise to be comparable with the aforementioned hominid sites in Africa. This area,
however, presents a special problem that none of the hominid finds have been obtained
in situ through controlled excavations. These human remains of Sangiran were
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found casually by the inhabitants after e.g. a bout of rain with subsequent erosins, or
picked up by anthropologists in a gathering of fossils brought by local collectors.
Thus, such is the frequent case that the rough stratigraphic provenance or even the
site of the find is unknown.

It is of paramount importance to develop a chronological framework in order to
understand the significance of fossil finds. In the case of Sangiran hominids, locating
the original source horizons of them is fundamental to the construction of such a
framework. Analyses of selected elements such as fluorine in phosphatic skeletal
remains sometimes provide a clue for allowing this allocation problem to be solved.

From 1977 to 1979, fieldwork on stratigraphy, palaeontology and chronology
of human fossil bearing formations in Java, was conducted under the Indonesia-Japan
Research Cooperation Programme CTA-41. Much attention was devoted to the
Sangiran area, where the survey included diggings designed to observe the succession
in detail at the fresh sections exposed and to collect vertebrate fossils in situ.

This paper deals primarily with the stratigraphic positions of Pithecanthropus
and Meganthropus specimens from Sangiran as examined by the fluorine dating method
using the excavated bone material as a guide series. This also gives some remarks
about the possible significance of the results for the chronological positions of
Sangiran hominids in human evolution.
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I Geological Structure, Stratigraphy and Fauna of Sangiran

Sangiran Village, about 12 km north of Surakarta, Central Java (Fig. 1), is located
in the centre of a domelike uplift which is 4 km wide and 6 km long, and rises around
150 m above sea-level. Folding and erosion have exposed the late Cenozoic rock
group in the Sangiran dome area (VON KOENIGSWALD, 1940; and others), producing

Fig. 1. Locations of Sangiran and some other sites of early man (small dots) in Java.

the structure that the oldest formation crops out in the central part encircled with
younger layers in serial order (Fig. 2). However, the relative stratigraphic provenance
of a spot can not be read merely from the distance from the centre of the dome to
there; since the mid-dome area has a complicated geological structure due to faulting,
depression and eruption of mud volcanoes (Fig. 3), and dissection by tributaries of the
Solo River makes the outcrops along their ravines sometimes stretch over two or more
formations.

The main part of the sequence of strata in the Sangiran dome area is subdivided
into the Kalibeng, Pucangan, Kabuh and Notopuro formations in ascending order
(Fig. 4). The Kalibeng formation has been referred to Pliocene, and the rest, Lower
to Middle Pleistocene (Indonesia-Japan Joint Research Team, 1979). Late Pleistocene
terrace deposits unconformably overlie the Kabuh and the Notopuro formation in
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Fig. 2. Geological map of the Sangiran area (after Indonesia-Japan Research Cooperation

Programme—CTA-41, 1979). See Fig. 3 for a detailed (revised) geological map of the
central part of Sangiran Dome.

places, and Holocene alluvial deposits are distributed along rivers (Indonesia-Japan
Research Cooperation Programme—CTA-41, 1979). The lithofacies and depositional
environments of these sediments are summarized in Fig. 4 (see also Fig. 6).

The Pucangan and Kabuh formations are reported to contain the mammalian
associations of the Jetis and Trinil faunae, respectively; Trinil elements also occur
in the Notopuro formation of Sangiran, whose fauna is indistinguishable from that
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of the Kabuh (voN KOENIGSWALD, 1940; vAN HEEKEREN, 1972). Note that von
KOENIGSWALD (1968a, p. 100) commented that it had not been confirmed whether the
Grenzbank (see Fig. 4) ‘should be regarded as the top of the Djetis [former spelling
for Jetis] or the very base of the Trinil Beds’. Palaeontologists and anthropologists
have frequently used the term, e.g. the Jetis layers (or beds) to represent that specific
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Fig. 3. Geological map of the central part of Sangiran Dome (after Indonesia-Japan Joint
Research Team, 1979).

horizons in formation which yield guide fossils of the Jetis fauna. However, a recent
palaeontological study in Java (Aimr & Aziz, 1983) has proved that Cervus lydekkeri,
guide fossil of the Trinil fauna, and C. zwaani, that of the Jetis fauna, occur in situ
side by side in both the Kabuh and Pucangan formations of Sangiran Dome; and has
further shown that the division of the Pleistocene faunae of Java is not so marked as
previously described. Thus, time correlations of strata between the Sangiran area and
other localities in Java according to the ‘established’ Javanese vertebrate stratigraphy
would best be dismissed at present.
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Fig. 4. Stratigraphic column of the Sangiran area. The total thickness of the formations is
more than 380 m. Along rivers, recent alluvial deposits are also seen. Lahar, volcanic
breccia: Grenzbank, calcareous sandstone layer with granule and pebble gravel. After
Indonesia-Japan Research Cooperation Programme—CTA-41 (1979) and Indonesia-Japan
Joint Research Team (1979).

II Fossil Hominid Remains of Sangiran

Discoveries of human fossils in Java, especially those after the World War 11,
have centred on the Sangiran area. Table I lists the Sangiran remains having code
numbers as of 1980 (for reported spots of the finds, see Fig. 5). Remains of early
man recovered from Java outside Sangiran include the juvenile calvaria of Homo
modjokertensis from Perning (VON KOENIGSWALD, 1936: synonyms; Pithecanthropus
modjokertensis, VON KOENIGSWALD, 1950; Pithecanthropus V, SARTONO, 1974, 1975),
Pithecanthropus Mandible A from Kedungbrubus, Pithecanthropus Skull I from
Trinil and an adult calotte from Sambungmacan (JACOB, 1975a).

Some specimens of Indonesian hominids are given registered designations in rough
order of finding year mostly by the first publishers; viz., Pithecanthropus I, II, .. .,
VIII for skull (excluding mandible) specimens with roman numerals annexed, and
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Pithecanthropus A, B, ..., F and Meganthropus A, B for mandible (maxilla in part)
remains. Besides these designations a multiplicity of specific terms or nomenclature
has been assigned to the early-hominid materials from Java (see Table 1), much con-
fusing the problem of their taxonomic status.

Lovesoy (1970) and CrLARK (1978, and others) express the view that all of the
Sangiran hominids including Meganthropus should be placed into a single species,
Homo erectus. These lumpers, however, use the code or year of find to refer to an
individual specimen. VAN HEEKEREN (1972) applies Homo erectus erectus to the
Pithecanthropus fossils which were reported to be derived from the Kabuh formation,
and H. e. robustus to those from the Pucangan formation; still, he separates individuals
by putting marks, for instance, H. e. e. Il and H. e. r. C.

Much attention should be rather paid where we are concerned with papers written
or read by splitters who sometimes fail to quote a code of the specimen involved. For
instance, ‘the mandible of Pithecanthropus modjokertensis (VON KOENIGSWALD, 1973,
p. 489)" implies Pithecanthropus B, since P. (Homo) modjokertensis of von Koenigswald
at that time was represented by Pithecanthropus B and IV (see Table 1), and a number
of isolated teeth as well as the holotype of modjokertensis from Perning.

In this paper I will employ such well-known designations as Pithecanthropus II,
B; or Sangiran numbering (British Museum’s Catalogue No.) for specimens without
special designation. When confusion is apprehended, a note, e.g. ‘holotype’, will
be added to the description of the fossil in order to facilitate identification.

Concerning cultural remains, stone artefacts have not yet been found in the hominid
fossil bearing formations in Sangiran (BARTSTRA, 1982).

IIT Fluorine Dating Method

A. Historical Review

The fluorine dating method has a history approaching two centuries. The first
observation of fluorine in fossilized bone material was made by MoRICHINI in 1802
according to CARNOT (1893). As early as 1806, FOURCROY & VANQUELIN in France
gave evidence by using both fossil and recent ivories that bone substances incorporate
with “fluoric acid’ in course of burial in earth (see OAKLEY, 1951, 1953).

MIDDLETON (1844) first attempted to date bones by fluorine analysis; he inferred,
for example, a fossil ruminant remain from the Sewalik (now written as Siwalik) Hills
to be 7,700 years old on the hypothesis that the ratio fluoride/phosphate in fossil bone
should be directly proportional to its antiquity. Some fifty years later a series of
works by CARNOT (1892, 1893, and others) showed that the average content of fluorine
in bone increases with geological age. On this ground VAN BEMMELEN (1897) made
a fluorine test on a tibia of Stegodon from the layer that yielded Pithecanthropus Skull
I to check the alleged age of the skull.

Carnot’s research whereas proving the high potentialities of the fluorine-analysis
approach, also drew attention to the fact that the fluorine content is so susceptible to
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