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            Abstract
Sulawesi is the largest and oldest island within Wallacea, a vast zone of oceanic islands separating continental Asia from the Pleistocene landmass of Australia and Papua (Sahul). By one million years ago an unknown hominin lineage had colonized Flores immediately to the south1, and by about 50 thousand years ago, modern humans (Homo sapiens) had crossed to Sahul2,3. On the basis of position, oceanic currents and biogeographical context, Sulawesi probably played a pivotal part in these dispersals4. Uranium-series dating of speleothem deposits associated with rock art in the limestone karst region of Maros in southwest Sulawesi has revealed that humans were living on the island at least 40 thousand years ago (ref. 5). Here we report new excavations at Talepu in the Walanae Basin northeast of Maros, where in situ stone artefacts associated with fossil remains of megafauna (Bubalus sp., Stegodon and Celebochoerus) have been recovered from stratified deposits that accumulated from before 200 thousand years ago until about 100 thousand years ago. Our findings suggest that Sulawesi, like Flores, was host to a long-established population of archaic hominins, the ancestral origins and taxonomic status of which remain elusive.
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                    Figure 1: Sunda, Sahul and Wallacea.[image: ]


Figure 2: Talepu excavations T2 and T4.[image: ]


Figure 3: Finds from Talepu excavations 2 (T2) and 4/4B (T4/T4B).[image: ]
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Extended data figures and tables

Extended Data Figure 1 Research location and geology of southwest Sulawesi and Talepu.
a, Digital elevation model of southwest Sulawesi. 1: Talepu; 2: Maros karst area. Area enclosed by rectangle shown in d; map data: copyright USGS/NASA SRTM (2007). b, Geological map of southwest Sulawesi (data from refs 11, 63, 64). The Walanae Depression (WD) is an elongate fault-bounded basin (also known as the West Sengkang Basin) separated from the Bone Mountains to the east by a major fault, the East Walanae fault (EWF), which formed in response to east–west compression and strike-slip movements along the Walanae fault zone. To the west the basin is bordered by the Western Dividing Range, consisting of uplifted Miocene volcanics deposited in a shallow marine environment13. The Walanae Depression basin infill consists of a several-kilometre-thick regressive sequence, named the Walanae Formation. In the southern part of the Walanae Depression, the Walanae Formation is folded and deformed by Pleistocene compression, whereas to the north near Lake Tempe deposition continues to the present day. 1: Talepu; 2: Paroto (alluvial terrace of the Walanae River); 3: Beru8; 4: Tanrung River (palaeontological site: coastal terrace deposits11); 5: Sompe8,9,10; 6: Celeko8,9,10; 7: Maros karst archaeological sites5. c, Schematic stratigraphic scheme for the northern Sengkang Basin at the latitude of the Talepu site (green dotted line in b). The Walanae Formation basin fill represents a regressive sequence that was strongly influenced by tectonic movements along the Walanae fault zone. The youngest unit of the Walanae Formation is the Beru member (deltaic sands, clays and gravels), which contains fossil vertebrate remains of the Walanae Fauna11. The lower part of the Beru member (unit A) is characterized by sedimentary structures indicative of shallow marine/estuarine/fluvial depositional environments. The upper part of the Beru member (unit B) consists of fully terrestrial fluvio-lacustrine deposits, which merge into the modern floodplain along the depocentral axis of the Walanae Depression. The coarser-grained unit B of the Beru member was not deposited in the Sengkang anticline, which started to rise during the Middle Pleistocene, or in the southern portion of the Walanae Depression south of Talepu. East of the Walanae fault Zone, in the East Sengkang Basin, uplift and folding during the Pliocene caused a depositional hiatus. Here Late Miocene deformed marine deposits of the Walanae Formation are unconformably overlaid by a conglomerate up to 5 m thick, the Tanrung Formation, which contains a distinct fossil vertebrate fauna11. During the Middle and Late Pleistocene, uplift of the Western Dividing Range generated the formation of alluvial fans and influxes of coarse-grained boulder conglomerates into the Walanae Depression. d, Geological map of Talepu area with sub-horizontal layering, fault-bounded to the east by steeply west-dipping strata of the Sengkang anticline. 1: Modern alluvium; 2: Late Pleistocene alluvial terrace; 3–7: lithological sub-units of the Walanae Formation: 3: fluvio-lacustrine facies of the upper part of the Beru member; 4: fluvio-estuarine facies of the lower part of the Beru member; 5: shallow marine facies of the Samaoling member; 6: deep marine facies of the Burecing member; 7: coral reef facies of the Tacipi member; 8: strike and dip; 9: sub-horizontal layering; 10: major fault; 11: sites with surface-collected stone artefacts; 12: sites with in situ stone artefacts; 13: fossil vertebrate localities.


Extended Data Figure 2 Talepu site and excavation images.
a, View to the east of the north–south trending ridge. Talepu is located behind the palm trees on the left. b, View towards the East Baulk of Talepu excavation 2 in 2009. In 2010 the 1 m × 2 m excavation was extended to a 2 m × 2 m excavation. c, The 12 m deep Talepu excavation 2 in 2012. d, Talepu excavation 4 in 2010. View towards the North Baulk. e, Talepu excavation 2 in 2012. Photograph shows the North Baulk at 4–5 m depth, with, in the upper part, the base of gravel unit A7 and the three holes left by sampling for optical dating.


Extended Data Figure 3 Composition of gravels and distribution of stone artefacts in T2, and size distribution of recent anoa molars.
a, Gravel compositions based on pebble counts (200 pebbles per level). Overall, the composition of the gravel is dominated by volcanic pebbles, which become more abundant with increasing depth, probably as a result of less intense weathering further down (near the surface, the volcanic clasts are frequently weathered to a crumbly clayey ‘ghost’). Note the increase both in weathering-resistant silicified rock pebbles and in heavily weathered indeterminable clasts towards the top of the sequence. b, Total number of artefacts per 10 cm spit (black triangles), total amount of gravel clasts per spit (red graph) and the maximum clast diameter per spit (blue graph: values represent the mean maximum clast diameter of the ten largest clasts). Note the higher concentration of both gravel and artefacts in the topsoil: pebbles and artefacts are concentrated by winnowing of sand and clay by sheetwash processes. c, Detail of the topsoil as exposed in the west baulk of excavation T2. d, Detail of the basal sequence as exposed in the north baulk of excavation T2. Note the cross-bedded foresets of the pebbly sand of sub-unit D2, with inter-bedded mud laminae, indicative of tidal activity. Diameter of the round sample hole (for optical dating) is ~10 cm. e, Histogram of the transverse diameter measurements (in millimetres) of recent lowland anoa (Bubalus [Anoa] depressicornis) lower molars measured in the collections of the Naturalis Biodiversity Centre, Leiden, the Netherlands (n = 32). The lowland anoa is the largest living anoa, bigger in body size than the mountain anoa, Bubalus [Anoa] quarlesi. The lower molar fragment from unit A of the Talepu-2 excavation (Fig. 3t) has a preserved basal transverse diameter of 14.4 mm and an estimated basal transverse diameter of 15.5 mm, slightly above the size range for extant lowland anoa.


Extended Data Figure 4 Fossil samples used for uranium-series dating and demagnetization results of representative palaeomagnetic samples.
Faunal remains from Talepu excavation 4, used for uranium-series laser ablation dating (a–i) and representative NRM intensity plots of progressive demagnetization (j). a–i, Close-ups of the surface sections for each fossil with the laser spot profiles. All fossils originate from excavation T4, sub-unit E2. Scale bars next to fossils are 2 cm; white scale bars in close-ups are 1 mm. Numbers between brackets are Australian National University laboratory numbers. a, Specimen TLP10-F8 (ANU-2946), Celebochoerus upper left first incisor; laser ablation transect on cut section of root. b, c, Two sections measured on different transects of the same specimen, TLP10-F1 (ANU-2947 and ANU-2948), a Celebochoerus lower left canine. d, Specimen TLP10-F7 (ANU-2951), rib fragment of Celebochoerus; e, Specimen TLP10-F4 (ANU-2954), Celebochoerus upper left third molar; laser ablation transect on cut section of root; f, Specimen TLP10-F3 (ANU-2956), Celebochoerus upper right third molar (same individual as previous); laser ablation transect on cut section of root. g, Specimen TLP10-F9 (ANU-2955), Celebochoerus upper molar fragment; laser ablation transect on cut section of enamel and dentine. h, Specimen TLP10-F6 (ANU-2949), bone fragment. i, TLP10-F2 (ANU-2942), Celebochoerus upper left fourth premolar; laser ablation transect on cut section of root. j, NRM intensity plot of progressive demagnetization (upper left), equal area projections (middle left) and vector end-point demagnetization orthogonal plots (bottom left) for two Talepu palaeomagnetic samples (T2-510-1, T4-180-4). To the right the demagnetization curve for an additional sample (T2-320-4) is given. The inset shows the zoomed-out trajectory endpoints of sample T2-320-4. Open squares on the equal area projection diagrams indicate an upper hemisphere magnetic direction.


Extended Data Figure 5 Lithological and magnetic properties against depth for the composite stratigraphic column at Talepu.
a, Columns from left to right show lithology, sand/silt/clay ratios, NRM magnetic intensities before and after demagnetization, and magnetic declination and inclination directions. The intensities before and after demagnetization represent averages for each sampled level. Declination and inclination values are the averages of the higher coercivity stable magnetization (ChRM) with their 95% confidence ranges. b, Equal-area projections of NRM and ChRM directions for all sampled levels, and the mean direction (circles with crosses; the mean is of all sampled levels except the two levels with deviating inclinations: n = 22) and present-day magnetic direction in the area (red crosses).


Extended Data Figure 6 Decay curves and dose–response curves of the IRLS signals for K-feldspars from Talepu.
a, Representative IRSL and MET-pIRIR decay curves for a single aliquot of sample TUT-OSL2, stimulated at different temperatures (shown above each curve). b, Dose–response curves for the IRSL (50 °C) and MET-pIRIR (100–250 °C) signals for the same aliquot. The natural signals are shown on the x axis using the same symbols as the regenerative signals. The data points were fitted using a single saturating-exponential function. The best-fit curves are shown as solid lines and the characteristic saturation dose (D0) values are indicated. c, Radial plot showing the D0 values from 38 aliquots for different samples. The grey band shows the mean of the D0 values.


Extended Data Figure 7 Results from residual dose, dose recovery and anomalous fading tests.
a, Residual doses measured for bleached aliquots of the four samples from the upper trench, plotted against stimulation temperature. Each data point represents the mean and standard error for four aliquots. b, Results of the dose recovery test conducted on sample TUT-OSL1. The measured/given dose ratios are shown for the IRSL and MET-pIRIR signals at the different stimulation temperatures. Each data point represents the mean and standard error for four aliquots. The data shown in red squares were obtained using a hot IR bleach at the end of each SAR cycle, as per the conventional MET-pIRIR procedure. The data shown in black circles were obtained with the modified MET-pIRIR procedure (Supplementary Table 4), using a solar simulator bleach instead of a hot IR bleach. The dashed line denotes a ratio of unity, and the solid lines indicate ratios 10% larger and smaller than unity. The data (circles) obtained using the modified MET-pIRIR procedure fall within the latter band. c, Decay of the sensitivity-corrected IRSL and MET-pIRIR signals with their standard errors of six aliquots from TUT-OSL3, plotted against log(t/tc) where t is the delayed period for each measurement and tc is the time for the first measurement (tc = 720, 870, 1,040, 1,240 and 1,480 s for the signals measured at 50, 100, 150, 200 and 250 °C, respectively). The sensitivity-corrected signals were normalized to the first measurements. d, Anomalous fading rates (g values) and their standard errors for the IRSL and MET-p IRIR signals of TUT-OSL3 obtained using the data sets in c, plotted against stimulation temperature. All the g values have been normalized to a delay time of 2 days.


Extended Data Figure 8 Radial plots of single-aliquot De values for the TUT samples.
a, TUT-OSL1. b, TUT-OSL2. c, TUT-OSL3. d, TUT-OSL9. The grey band in each plot shows the weighted mean of the measured De values estimated using the central age model. The De estimate and the overdispersion (OD) value for each De distribution based on the central age model are also shown in each plot.


Extended Data Figure 9 De versus temperature plots for the TUT samples and the dose–response curve for sample TLT-OSL6.
a, Plots of the weighted mean De against stimulation temperature for the TUT samples. The dashed line in each plot shows the plateau range of De values. Each data point represents the mean and standard error for 8 (TUT-OSL1), 10 (TUT-OSL2), 12 (TUT-OSL3) and 13 (TUT-OSL9) aliquots. b, Dose–response curve for the sensitivity-corrected MET-pIRIR 250 °C signal from an aliquot of sample TLT-OSL6. The regenerative-dose data points and their standard errors were fitted using a single saturating-exponential function, and the best-fit curve is shown as a full line. The natural signal of this aliquot (red circle on the y axis) falls in the saturated region of the curve (see dashed line), so only a minimum De can be estimated.


Extended Data Figure 10 40Ar/39Ar fusion ages of single sanidine crystals from sample TAL-10-01 (T4, sub-unit E2, 2.5 m below surface).
Top: the individual ages ± 1σ. Bottom: histogram based on over 100 analyses. Excluding the two youngest ages, the crystal ages span a period from 5 to 11 million years ago, but with the main age population at about 9.4 million years ago. The ages correspond with the Late Miocene collision phase, when potassium-rich volcanics of the Camba Formation were formed along the Western Dividing Range63.
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