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Abstract traverse.

Dates of around 1.8 Ma have been claimed for a homir  The exposed Kedungwaru strata are some 200 m thick
cranial vault excavated near Mojokerto City in East Javand provide a depositional record of a delta complex
Indonesia. Such an early date for presuidetho erectusn  presumably formed in response to sea level changes or
East Asia would require a major revision of the general moctectonic movement. The complex comprises three sequences
for timing of initial hominin dispersal ‘Out of Africa’. Instead, - S1, S2 and S3 in ascending order (Fig. 2). Each sequence
our field study and redating of two pumice horizons at the siconstitutes three distinct facies associations, interpreted as a
indicate that the age of the Mojokerto cranial vault is less thprodelta succeeded by a delta front and overlain by delta
1.49 Ma. Furthermore, we argue that a basic understandin¢plain deposits. Each represents the progradation of a fluvial
site and regional depositional processes is fundamental dominated delta into a shallow water sea/lagoon. All the

assessing the significance of any radiometric date. delta plain facies contain vertebrate fossils. Mojokerto 1 was
deposited in the earliest of these (S1).
Introduction The cranial vault was found at a depth of one metre in

In 1936, a hominin cranial vault was excavated neigravelly sand/sandy gravel on a point nine metres above a
Mojokerto City, East Java (Duyfjes 1936; Fig. 1). The finctributary of the Klagen River. At the findsite and in the 3 m
termed Mojokerto 1, was of a child too young to biscarp below it, the yellow sandstones comprise reworked
taxonomically classified with certainty, but it is generallymaterials; a range of rock types, including pumice, is evident
regarded & Homo erectuglacob 1976; Widianto 2001:35). in the gravels, which occur in localised, size-sorted lenses.
Subsequently, gumice just below the findsite was dated The marine and fluviatile sediments seem over-
K/Ar and 40Ar/3%r to 1.9 + 0.5 Ma (=million years ago) whelmingly to comprise materials derived and transported by
and 1.81 + 0.04 Ma respectively (Jacob and Curtis 197erosion of older geological units, most probably from the
Swisher et al. 1994). These results have been widely quotKalibeng Formation of the Kendeng Hills to the north, which
if somewhat cautiously, in both the scientific and populéds of Miocene to Pliocene age. Analysis of nanofossils from
literature (Sartono et al. 1981; Bellwood 1997). If they arfour strata of the Kedungwaru Anticline showed that these
correct, then the cranial vault is about the same age as are also of Miocene-Pliocene age, indicating that they had
earliestHomo erectu# Africa (1.89 Ma), and would require been reworked from older sediments (Limbong 1999).
a major revision of the general model for timing of initaHowever, there are two circumstances in the study area in
hominin dispersal ‘Out of Africa’. Our work indicates thatwhich the age of specific components may approximate the
the previously reported radiometric results do not provide time of strata deposition — Mollusk Horizons and Pumice
accurate age estimate for the cranium: they may date neaHorizons.
pumice, but they are significantly older than Mojokerto 1.

Mollusk Horizons
The study area There are two layers of marine sediment containing

Mojokerto 1 was found in the Kedungwaru Anticline shellfish: Mollusk Horizon Il in the lagoon deposits at the
the axis of which lies east-west and the crest of which hanticline axis, and Mollusk Horizon Il in the S2 sequence in
been truncated by erosion. The strata are horizontal at both wings of the anticline. The condition of the shells and
axis and dip 20° at the northern edge of the anticline 1.35 lthe fact that bivalves usually remain paired indicates that
to the north. We constructed a stratigraphic columnar sectithey were deposited soon after the death of the animal.
by measuring the extent, dip and strike of strata from tiHowever, we are uncertain as to which dating technique
axis of the Kedungwaru Anticline to its northern edge. Famight realise this dating potential.
this we used geological exposures along the road betwe
the towns of Perning and Sumbertengah as a conveniPumice Horizons
transect. Furthermore, the sequences of strata at uic
Mojokerto 1 findsite and adjacent areas with the same sarg
gravel layer were recorded in detail. This sandy gravel is
represented as an outcrop along the road, but its dip &
strike were used to extrapolate its position on the rog
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320 m north of the anticline axis on the west side of the road
between Perning and Sumbertengah, and 300 m west of the
Mojokerto findsite. It is a 15 cm thick layer of pumice
cobbles, pebbles and granules with virtually no other rock
types, and extends at least several hundred metres. The
pumice is water-rolled, indicating that it has been
transported into the region from some distance, but it has not
been size-sorted. This evidence indicates that Pumice
Horizon 5 represents a ‘flush’ of new material entering the
system, presumably because of volcanic eruptions. Pumice
from this horizon has not been extensively reworked and is
therefore particularly suitable for dating (Fig. 2). In order to
test previously reported dates for the locality, pumice
samples from Pumice Horizons 5 and 6 were collected for
zircon fission track dating.

Dating

Sample preparation
The Mojokerto pumice samples were prepared and the
fission tracks counted by O’Sullivan at the University of
Melbourne. They were crushed and apatites and zircons in
the 60-250 um size range were separated using a Gemini
table and standard magnetic and heavy liquid techniques.
Zircon grains were mounted in FEP teflon, and after optical-
quality polishing, were etched in an eutectic KOH-NaOH
melt at 225°C for ~125 hours. Neutron irradiations were
carried out in a well-thermalized flux in the HIFAR reactor,
Lucas Heights, Australia.
Fission track ages were measured using the external
detector method, which was particularly important in this
study since it allowed dating of individual grains within a
sample rather than relying on a bulk sample age, which can
contain contaminants. The muscovite detectors were etched
for 20 minutes in 48%HF at room temperature to reveal the
induced tracks. Thermal neutron fluences were monitored
by measuring the track density recorded in muscovite
attached to pieces of the U3 standard glass. Fission tracks
were counted in transmitted light using a dry 100x objective
at a total magnification of 1600x. Only grains with sharp
polishing scratches were counted. A total of 51 individual
grains was dated.
Ages were calculated with the standard fission track age
equation using the zeta calibration method (Hurford and
Green 1982) and errors were calculated using published
Figure 2 Geological column section of the Kedungwaru methods (Green 1981). Data originally showed evidence of
Anticline showing the position of Pumice asymmetric spreads of single-grain ages. Therefore, the
Horizons and the Mojokerto findsite. ‘central age’ (Galbraith and Laslett 1993), which is
essentially a weighted-mean age, was reported. Data from
There are six pumice horizons in the Mojokert@rains deemed to be obvious contamination, based on their

stratigraphic sequence (Fig. 2). Most are gravelly admixturSignificantly older ages, were removed before a final age
of size-sorted pumice and other rock types, indicating thcalculation was made. A persqnal zeta _cgllbratlo_n fac_tor of
their components may be of different sources and ages. T187-8 £ 3 (for PO’S) was determined empirically using zircon
are also of limited extent. Pumice Horizon 6, located 15 age standards with independently known ages.
stratigraphically above the findsite, could potentially provid
a minimum age for the cranium. However, this horizon iResults
exposed in a low scarp only 15 m long, is size sorted and  Analytical results and distributions of the primary zircon
mixed with other gravel. It is, therefore, uncertain whether tigrain ages for Pumice Horizons 5 and 6 are shown in Fig. 3.
age of the pumice within Pumice Horizon 6 approximates iThe sample from Pumice Horizon 5 yielded a zircon fission
time of deposition. In contrast, the depositional features track date of 1.49 + 0.13 Ma. Because of the depositional
Pumice Horizon 5, located 13 m stratigraphically below trcharacteristics of the horizon, we are very confident that this
Mojokerto 1 findsite, mean that its pumice and time cprovides a maximum age for Mojokerto 1.
deposition are of the same age. In contrast, a zircon fission track age of 1.43 + 0.15 Ma
Pumice Horizon 5 is exposed in the wall of a quarrfor Pumice Horizon 6, located 15 m stratigraphically above

2 Australian ArchaeologyNumber 57, 2003



Morwood, Sullivan, Susanto and Aziz

polarity, whereas the hominin cranium findsite and the base
of the sequence had normal and intermediate, and reverse

- Pumice #6  1.43z0.15M and intermediate geomagnetic polarities, respectively

g z % B %%g_,fm, is (Hyodo et al. 1993). On the basis of similarities between the
E 4 4 %, B % o palaeo-magnetic sequences at Mojokerto and at the better
%2 05 dated Sangiran fossil hominin site, these palaeo-magnetic
O g RS o fluctuations were interpreted as the Bruhnes Chron
Fission track age (Ma} et (beginning 0.78 Ma), the Jaramillo Subchron (1.07 to 0.99
Ma) and the Olduvai Subchron (1.95 to 1.77 Ma),
Pumice #85  1.49+0.13 Ma 5 respectively — giving a probable age of ~1.0 Ma for
_ .f‘ N Mojokerto 1. quever,_ dates for, and thg stratigraphic
‘g i “%%ﬁ* i 1£5 position of, Pumice Horizon 5 and the Sangiran Excursion
E ) : ‘ [M, make correlation of the normal polarity magnetozone at the
M-E;:L LT L findsite with the Jaramillo Subchron extremely unlikely
6t 2 3 4 § ¢ w . W% unlesgthere have been massive changes in rates of sediment
Fission track age (Ma) e accumulation over time. This would have resulted in the 13

m of sediment from Pumice Horizon 5 to the findsite taking
about 0.5 Ma to accumulate, while the 100-125 m of
Figure 3 Single grain age results from Pumice Horizons 5 sediments of reversed polarity between the findsite and the
and 6 in the form of simple histograms and radial  gryhnes Chron took 0.21 Ma (Fig. 2). Further work is
plots. On radial plots, each age has unit standard oqyired to refine the palaeo-magnetic sequence.
error (£2) on the y-axis, its actual precision is Problems with interpretation of Mojokerto palaeo-
Ienftlr(;at;itpn th? X""]}X'S' ?r?d g_s a'lgtetrlls reahd tgy magnetic data include the possibility that some of the normal
polating a fine from the 5-point through the geomagnetic polarities may be the result of more recent
plotted point to the logarithmic age scale on the 2 .
right perimeter. overprinting; the a_lbsence of suitable outcrops means t_hat are
significant gaps in the record, and there is ambiguity in
identifying and therefore dating specific changes. For

Discussion Olduvai Subchron, which ended ~1.77 Ma, in support of the

The fission track date of ~1.49 Ma for Pumice Horizoearly K/Ar and0ar/39r dates for the cranium. Our better
5 fits well with a very specific palaco-magnetic fluctuatioiProvenanced results now show that this cannot be the case

in the Mojokerto sequence, the Sangiran Excursio(cf. Huffman 2001). . _
characterised by a large westerly swing of declination an ~ Paradoxically, pumice from Pumice Horizon 5, a
estimated to date between 1.57 and 1.48 Ma. The Sangigeological stratum 13 m below the Mojokerto 1 findsite,
Excursion at Mojokerto occurs just below the change iProvides a better age-estimate than samples from the
sedimentation facies from marine to fluviatile (Hyodo et aimmediate vicinity of the fossil, or even samples adhering to
1993; Hyodo 2001). At the well-known Sangiran earhthe fossil itself. The fission-track date is still a maximum
hominin site 190 km to the west, this excursion also occuage, but at least it approximates the actual time of deposition
just beneath a change in sedimentary facies, from marinefor a layer near the base of the delta-plain in which the
lacustrine, indicating a widespread change in relative shominin cranial vault was deposited. There was debate about
level that encompassed both sites. Pumice Horizon 5 and the specific findsite (Swisher et al. 1994), but never any
upper boundary of the Sangiran Excursion at Mojokeridoubt that all possibilities lay within the sandy gravel near
closely match in position and age. They provide, thereforthe base of this depositional facies. More recently, archival
independent crosschecks for the maximum age for tresearch has demonstrated that the findsite was ‘within a few
cranium; it must post-date 1.49 Ma. metres or perhaps a few tens of metres’ of the Mojokerto
The previously reported K/Ar anfCar/39Ar dates of monument erected to commemorate the discovery (Curtis et
~1.9 and 1.8 Ma are, therefore, no more than gross maximal. 2002:110).
ages for Mojokerto 1. They may date pumice in reworke  From a regional perspective, the same facies also presents
deposits and/or the hornblende in the deposits may presthe earliest opportunity in the Kedungwaru Anticline
problems for these dating techniques (Jacob and Curtis 19°geological sequence for fluviatile deposition and
but they do not provide an actual age for the cranial vault. preservation of terrestrial faunal remains. If hominins arrived
However, there are still too many uncertainties to moiin East Java before 1.49 Ma, then the evidence for this will
precisely date the cranium. If the date of 1.43 + 0.15 Ma finot be found in sediments of the Kedungwaru Anticline.
material from Pumice Horizon 6 also approximates the tin In conclusion, this study emphasizes the importance of
of deposition of this layer, then the cranium is around 1.4chronological hygiene,” especially a grasp on the
Ma in age (i.e. midway between Fission Track dates of depositional history of the materials being dated, and
149 and 1.43 Ma). Given the depositional features thereby has shown that previously claimed radiometric
Pumice Horizon 6, comparative geochemical analysis aresults for the Mojokerto cranium cannot be correct. Other
multiple dating of samples of pumice from the horizon icontroversial dates for ‘early’ hominin sites, such as
now required to establish the real significance of this FissiSangiran (compare Swisher et al. 1994 with Larick et al.
Track result. 2001:4871; Larick et al. 2001: Fig. 2 with Semah et al. 2001
Concerning palaeo-magnetic evidence for the site, tlFig. 2) and Ngandong in Java (compare Swisher et al. 1996
top of the depositional sequence had normal geomagnewith Westaway 2002) need to be assessed with this in mind.
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More specifically, current dating evidence for the chronological contribution to the Quaternary geology of Java. In T.
Mojokerto sequence is clearly inadequate and further wo Simanjuntak, B. Prasetyo and R. Handini (e8apgiran: Man,
is required to date this important site. The cranium, howey, ~ Culture and Environment in Pleistocene Timep.320-35.

. . - - Jakarta: The National Centre of Archaeology, Ecole Francaise
is definitely not 1.8 Ma old, as previously claimed. In ths d'Extréme-Orient, and Yayasan Obor Indonesia.

context of available dating evidence and the overé,yqo M., watanabe, N., Sunata, W., Susanto, E.E. and Wahyono, H.
stratigraphic sequence for the site, it may be older than & 1993 Magnetostratigraphy of hominid fossil bearing formations in
other hominin remains yet found in Java, but still compatib Sangiran and Mojokerto, JavaAnthropological. Science
with the earliest well-dated hominin finds in Central an 10(2):157-186.

East Asia (Gabunia and Vekua 1995; Zhu et al. 2001). Jacob, T. 1976 Early populations in Fhe Indonesian re_gion. In R.L. Kirk
and A.G. Thorne (eds)he Origins of the Australiappp.81-93.

Canberra: Australian Institute of Aboriginal Studies.
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