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ABSTRACT

In the carly 1890 at Trnil, Eugeoe Dubos found a bominin skollcep (Trnil 2} snd femor | Triomil 3, Feoms
1), stuated at the same level ca 1015 m -aparl. He interpreted them as representing one species;
Pitheconthropus crectuy [ now Homo crectes ) which be infermed 1o be a transitional form between apes and
humans. Ever since, this mterpretation has been guestioned—as the skullcap looked archaic and thie
fermmur surprisingly moderm From the 19505 onward, chemmical amd morphological anabyses rekndled the
debate. Concurmrently, (biostratigraphic arguinents gained importance, raising the stakes by exirapo-
lating the conseguences of potential mixing of bomimin remams o the homogeneity of the complete
Trimil fossil assemidage. However, conclusive evidence on the provenance and age of the hominin fossils
remsins absent. New Tomi Geldwork yielded unmanned aenal vebocle mmagery, digital elevation models,
and straligraphic ohscrvations that bave been micgrated bere with an analysis of the hestoncal exca-
valion documeniation. Usny a geographic information system and sightline analysis, the positon of the
hustorical excavation pits and the hominin fossils therem were reconstructed, and the histoncal stra-
tigraphy was connected to that of new sections and test pits. This study doooments five strata situated at
lovw waler level at the excavation site. Cotting iite a lakar breoda are bwo stmilarly oriented, bt
asynchromous pre-femmace fluvial channels whose highly fossitiferous miills are identified as the primary
targets of the historcal excavations {Bone-Bearing Chanmel 1, 830773 ka; Bone-Bearng Channel 2, 560
~380 kal, providing evidence for a mixed faunal assemblage and yielding most of the hominin fossls:
These channels were moscd by younger terrace-related thvial channels {(terminal Middle or Laie
Plessiocene ) that directly intersect the histoncal excavabions and the reconstructed discovery location of
Fomur L thereby providmz an explanation for the relatively modern morphelogy - of this ‘bone of
contention’. The palecanthropological implcations are discossed in light of the coment framework of

human evolution in Southeast Asia
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1 Introduction

In 1887, the Dutch physician Eugéne Dubois joined the Dutch
army for service in the Dutch East Indies, as he was convinced that
fossils of the ‘missing link” berween humans and apes could be
found in the tropics. After unfruitful searches on Sumatra and in
cave sites on Java, he started excavations in 1891 at Trinil
(Fiz. 1A—C; Dubais, 1892a), stimulated by the eadier recovery of
large amounts of fossils in that area of the Solo River by the Java-
nese painter and scholar Raden Saleh. Fossil assemblages were
initially recovered from bone beds in two ‘sandstone plates” stick-
ing out from both shores of the Solo River. Among the rich faunal
material {see Dubois, 1907, 1908}, 2 hominid molar (Trinil 1) was
found on the left bank (Fg 1D Dubols, 1892a) The discovery of a
hominin skullcap (Trinil 2; Fig_ 1D} one meter from the molar made
him decide to excavate extensively at Trinil and fry to obtain more
elements of this possible ‘transitional form' {Dubois, 1892 5). He was
successful, insofar that a vear later his army sergeants Kriele and de
Winter —Dubois was normally working on the fossils at Tulung
Agung, 100 km southeast of Trinil [Theunissen, 1990} found a
human-like fernur (Trinil 3; Dubois, 18933}, 1015 m away from but
at the same level as the skullcap (Dubois, 1894a, 1894b, 19324,
1934 ), andd in 1892, a second molar (Tnnil 4; Fig. 1D}, Dubois sub-
sequently atiributed all these fossils o the species Pitheconthropus
erectus (Dubaois, 18%94a, 1896a), which was later subsumed into
Homo erecius [Mayr, 1944, 1950}

The Trinil hominin fossils have not only played a critical role in
understanding human evolution and in the development of paleo-
anthropelogy as a research field, but also sparked intense debates
that started directly after his discoveries (see-section 1.1 below; es.
Theimissen (9590). These debates particularly dealt with the question
of whether the archaic-looking skullcap and surprisingly modermn
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femur [ Femur 1) befonged to the same species {see Howell, 1994 for
the position of Dubois’ contemporanes ). The long publication record
on this subject shows that these debates tlare up regularly —up to the
present— and in some cases with a fenvor similar to that of Dubois’
days. The focus of the debates in the last fifty years has, however,
broadened, questioning not only the hominin fossils bat also the
stratigraphy of the site iself, the homozeneity of the Trinil collec-
rions, and the position of Trindl within the biostratgraphy of java
{eg. de Vos et al, 1982: Bartstra, 1983: Sondaar et al, 1983). The
debates dearly illustrate the importance of the Trinil site for both
palecanthropology and paleontology. However, conclusive evidence
regarding the provenance of the hominin {and other ) fossils and the
possible occurrence of stratigraphic mixing has not been presented
thus far. By integrating the results of new fieldwork at and around
Trinil (see also Hilgen et al, 2023) with a detailed analysis of the
historical documentation of this site, this siudy aims o provide the
data necessary to solve most of the ongoing disputes and assess the
implications of the conclusions drawn.

L1, Research history following Dubois' discovery

The key hominin fossils from Trinil, the skallcap, Femur 1, and
mnlars (Fig 1D) -which Dubois considered to be from the same
species Pithecanthropus erecius and even the same individual
(Cubois, 18523} -were extensively covered in a series of publica-
tions that particularly focused on their morpholosy { Dubois, 18040
1895a, 1895h, 1895c, 189GD, 18396C, 1896d, 18960, 18961 From the
first publication onward, contemporares of Dubois expressed
doubts regarding the archaic-looking skullcap belonging o the
same species as the femur (Femur [}, which was seen as very
modern in its appearance [eg, Cunningham, 1895; Manouvrier,
1885; Hepbum, 1896), These debates mostly focused on the
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Figwere 1. Location of the Triml ste on v, in Indonesia (AL within Meddle/East lva (B other key lossil-bearing sites along the Solo River (bleck dots), major citkes {fed dots ), aid
widcanoes {manghes) are-also mdicated. (C) The Sodo Biver meander near Trmndl with the: site{mnseam amd nearkry villages (red dots); (D) Key fossils found by Dubots a8 Tondl: the
skublcap and molar found in B9 the femur found in 1852 {Fermur 1), atd the most complete femurs (Femur B from the ones excivated in 1900 {Femor 1Y), The Remada 1Y wene
only recugnized a5 beipg hominin in 19521933, The Trinil oombers (Le, Trinil 18} are confoom withy indeid (). [For interpreasog of the references to color in this Ggere
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morphology and taxonomy of the fossils (see Theunissen, 1990 fora
comprehensive review ). In response o the critigue and to prove the
contemporaneity of the hominin fossils, Dubois provided some-
what more information on the stratigraphy of Trinil, the prove-
nance of the fossils, and their similar degree of fossilization {eg.
Dubois, 1896a). The debate continued, again largely on morpho-
logical grounds (but see Hrdlicka, 1930), and gradually, the views on
Dubois' thesis became more favorable [Theumissen, 1990) The ex-
cavations at the left bank of the Solo River continued —with in-
terruptions in 1894 and 1898 —until 1900 (de Vios and Aziz, 1989)
Except for a premolar found in 1897 (Dubais, 1899, these excava-
wons vielded no further hominin remains. However, in 1932, four
more hominin femora (Trinil &, 7a/b, 8 or Femora 11V see Femur 1
in Fiz. 1D) were discovered in previously unopensd boxes of the
Dubaois collection (currently stored at Maturalis Biodiversity Center,
Leiden, the Netherlands) said to have come from the 1900 exca-
vations at Trinil (Dubods, 1932a, 19320, 1934).

The Trinil excavations led by the German scientist and feminist-
pacifist Lenore Selenka in 19071908 did not yield any additional
hominin fossils but were carried out with more regard for (strati-
graphic) provenance and context. This is reflected in the extensive,
edited monograph (Selenka and Blanckenhorn, 1911 ) outining the
methodology of excavation—e.g., the dooumentation of gquadrant,
layer, and orientation for each find [ Oppencorrh, 1511 ) —while also
describing the stratigraphy in grear detail [Carthaus, 1911a; Dozy,
15911a) Unformunately, most of their original documentation is
lost —maost likely due to bombardmenis{iire dunng World War 1l
{Beck and Joger, 2018 Also the small-scale feldwork of the
Geological Survey Netheriands Indies in 1930 at Trinil {Oppenoorth,
1932, 1936} which was never published - vielded no further
hominin fossils,

In the 1950, the chemical analyses of the Trinil hominin fossils
sugzested a similar Middle Pleistocene age for all the fossils
{Bergman and Karsten, 1952) Later, Day and Molleson (1973)
compared the Trinil femora with fossil and modem specimens, as
well as conducting scanning electron microsoopy, computed to-
mography (CT), and chemical analyses on them. They concloded on
anatomical grounds that not only Femur [ but also Femur I1- V do
not differ significantly from those of modern humans, while they
regarded the analytical evidence on their age as inconclusive. Using
energy dispersive microanalysis, Day later found significant dif-
ferences in heavy element composition between Femur [1-V and
Femur | (Day 1984, 1986, 19860), explained as a potential differ
ence in provenance andjor age. Kennedy (1983: 614) arpued that
for Femur -V, not only "their overall pattern unequivocally allies
them with sapient comparative groups” but also noted high
robusticity in the distal part of the shaft. Kennedy also emphasized
that the taxonomic judement for Femur [ should be withheld due to
its pathological nmamare. Chemical analysis by Matsu'ura [1986)
produced similar results for the femora, while the deviation of
the skullcap was atimbuted o contamination

In the 19805 de Vos, then corator of the Dobois collection,
together with Sondaar, put the fossil fauna of Trinil o the forefront
They redefined the Trnil fauna-—as toonly consist of matenal from
this site - and restructured the biostratigraphy of Java (de Vos et al,
1982: coe also van den Bergh et al, 2001) that was originally
established by vion Koenigswald ( 1934, 1975 In 2 second paper, they
emphasized that the Trinil assemblage from the Dubois collection
(Trnil fauma) was collected from one (stratigraphic) level, the
“Hauptknochenschicht’ (M de Vos and Sondaar, 1982 ). In the same
issue, Barisira (1982 challenged this nobon on stratigraphic argu-
ments: based on fieldwork, he confirmed earlier observations of the
presence of several young (low) terraces along the Solo River { Elbert,
1908, with their fills showing lithologies very similar to those of pre-
terrace strafa. He supgested that the Duabois and Selenka campaigns
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miist have dug through bath older strata as well as younger terrace
deposits: This resolied in a somewhat bitter discussion {Bartstra,
1983; Sondaar et al. 1983} with each party using different lines of
arpumentation, thereby clearty illusirating the stakes of the debare.
Socradi et al (1985) condurted geological fieldwork at Trinil and
concluded —using the old stratzraphic frmmework (Duyfies, 1936;
se¢ also Berchuis er al, 2021 for a revision) and lacking direct
chronological control - that all deposits overtying the lahar deposits
befong to the same Kabuh Formation, supporting the de Voo et al
(1982 interpretation of the Trinil stratigraphy.

Based on energy dispersive X-ray analysis chemical analysis,
Barisiokas and Day (1993 ) sngeested that Femur | originates from a
different stratigraphic layer than the skulflcap and other femora,
which they - given Dubois’ assertion that both fossils were exca-
vated from the same level —atimibuted o 3 westward inclination of
the strata. This was countered by later X-ray fluorescence mea-
surements from the outside of the hominin specimens (Joordens
et al, 2015). which also repeated Kennedy's (1987) notion that
the taxonomic judgment for Femnur 1 should be withheld due to the
pathological nature of this specimen. Based on an analysis of the
structural and density characteristics obtained wsing CT, a study
from the same year concluded that while Femora 11V can be
assigned to H. erectus, Femur | does not show any of the charac-
teristics of early Homo elsewhere and fits comfortably within Homo
sapiens (Rulff ef al, 2015). They convincingly dismissed the argu-
ments of Kennedy and Day and Molleson for assuming a modern
morphology for Femur I1-V and anmibuted the different outcomes
of the chemical analyses between Barsiokas and Day | 1983) and
Jeordens et al. (2015) @ the latter measuring the exterior, rather
than samples from the interior. Recent studies on the two Trinil
muolars have resulted in their atrbution to H. erectus {Smich et al
2009: Mosrwidi et al, 2020), while others attribute: them to the
hominid Meganthropus (Zanolli ef ai, 2019). As their @xonomic
attribution is beyond the scope of this study, the molars will be
included when reference is made o the Trinil hominin remains,
The latest addition to the extensive literature on Trinil concerns a
detailed study of the historical documentation of Pabois’ and
Selenka's excavations and argues that the skullcap and Femur |
have the same stratigraphic provenance (Huffman et al, 2032

Despite the large number of studies devored to this topic, the
stratigraphic position and age of the fossil fauna—including hom-
inin fossils —excavated at Trinil remains contested. The chemical
analyses on the hominin fossils have varying outcomes, but the
stratigraphic observations of Bamstra have not been refuted by field
obsenvadons and the modern appearance of Femur [ in comparison
to those that can be securely atributed o H erectus still supports
the possibility of the presence—and historcal excavation—of
vounger strata at Trinil.

1.2, New Trinil ficldwork and objectives of this study

New tieldwork has been carried oot at Trinil in 20016, 20108, and
2019, consisting of geclogical survey, extensive logging, and sam-
pling of sections dug into the present-day nver banks of the Solo, as
well as excavating test pits targebing the low-lying remains of find-
rich deposits situated 0-2 m above the present-day low water
level. The fieldwork has resalted in the publication of a revised,
independent siratigraphic framework for the wider Trinil area
[Berghuis et al, 2021) That study identified seven temra-
ces—together forming the newly defined Solo Formation—overiy-
ing the pre-terrace stratigraphy, which includes the revised/newly
defined Pliocene Kalibeng and Pleistocene Padas Malang, Batu
Gajah, and Trinil Formations. The southward dipping pre-terrace
stratigraphy is truncated by a horizontal erosional contact, ie.
moving southward. the terrace stratigraphy is situared on top of
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increasingly younger pre-terrace deposits. Although in that paper,
the left-bank part of the Trinil site (e, the lefti-bank historical
excavation areas of Dubois and Selenka, from here on simply
referred to as "Trinil site’) was not covered in detail; at this locality,
T2 terrace deposits directly overlie the pre-terrace deposits; spe-
cifically, the lahar breccia assigned o the Batu Gajah Formation
(Berghuis et al, 2021; see also Hilgen et al, 2023} The {chrono)
stratigraphy of the Trinil site, in particular, is covered in detail by
Hilgen et al. {2023

While these works provide important insights into the complex
local stratigraphy and the age of the encountered sediments, it is
nevertheless critical to make a connection between the updated
(chrono)stratigraphy and the left bank historical excavations by
Dubois and Selenka for two important reasons. First of all, the
historical excavations yielded a continuous east—west exposure
over a total length of 90 m-—regrettably facilitated by the use of
forced labor under a harsh colonial sysiem—whereas the
2018 - 2019 sections only provide eight 1-2 m wide stratigraphic
‘peepholes’. Photos of the hismorical sections provide insights into
the large-scale stratigraphy and its lateral development and also
document deposits that were either removed in subsequent exca-
vation seasons of deposits that could not be safficiently exposed
during the 2008 - 2019 fieldwork. Second, it is critical to understand
where the historical excavation pits and the [hominin] fossils found
in them were situated in refation to (extant) stratigraphic reference
poines, particularly where abrupt lateral changes in the stratigraphy
are documented.

The objectives of this study, therefore, are to (1) reconstruct the
spatial position of the historical, lefi-bank excavation pits
(1891 -1908) as well as the sparial position of the hominin fossils
found within them, in relation to the remains of the historical
excavation site still visible at the present day [Sections 3.1 -33) and
(2) obtain stratigraphic data from the historical documentation,
integrate this with the detailed stratigraphic observations obtained
in our 2018 2019 fieldwork, and identify the fossil-bearing de-
posits targeted by the historical excavations {Sections 3.4 - 3.6) This
imvolves the study of primary historical sowrces (e, high-
resolution historical imagery obtained from scanmed glass plate
negatives anid scaled maps) using sightline analyses and their
spatial integration into a geographic information system (GIS)
environment, whete it can be compared with unmanned aerial
vehicle (UAY) imagery/digital elevation models (DEMs) doc-
umenting the presemt-day sitwation. When the spatial position of
the exposures visible in the historical imagery is known, the stra-
tigraphy visible in them can be studied in detail and compared and
comelated with the 2008 2012 sections and test pits.

The data presented here, when combined with the resulis of
geochronological analyses obtained for several of the studied sec-
tions and oofcrops (see Hilgen et al, 2023), make it possible to
reconstruct the stratigraphic provenanoe of the hominin fossils,
assess the potental heterogeneity of the larger Trinil collections
(see Discussion ), and { possibly ) offer a "final resting place” for Femur
1 as a 'bone of contention’. Finally, the palecanthropological im-
plications of the findings in fzht of the current framework of hu-
man evolotion in Southeast Asia will be disoussed, including future
research perspectives.

2. Materials amd methods

2.1. Analysis of historical data

Historical sources The uwsed documentation of the historical exca-
vations at the (left-bank part of the) Trinil site consists of photos

(Supplementary Online Material [SOM] Figs 51-522) and maps
[523-528). A subdivision was made between main daz and
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supporting data sources. The basis for this study was provided by
the main data, which is induded here completely. For practical
reasons, the supporting data are incloded here in partial form only
{as specified below). It should be noted that this study neither aims
nor claims to provide an exhaustive overview of the complete
Dubois and Sefenka archives.

The main data concern scaled maps of the lefi-bank excavations
showing reference points soll visible ar the present day and/or
unambiguous reference points shared with other maps and high-
quality photos that cover larger pants of the total excavation area.
Meeting these criteria are (1} a glass negative of a phoin
{DUBODE00) taken in 1894 of the 18911893 Dubgis excavations
[(SOM Fig. 51): (2) several versions of an unpublished, scaled map of
the Dubois excavations in 1900 (S0M Fig 523) that show the
excavation pits that were under excavation at that time as well as
two unambiguous reference points, plus the camera positions of
the photos specified under source 3; (3) three glass-nepatives of
photos (DUBD 1400/ 1494/1399; referred to as, respectively, 1900-1,
-1, -t} of the Dubois 1900 excavations taken from three different
angles (SOM Fgs 54-57) Together, sources 1-3 cover the years
when 8 out of 9 hominin fossils were found. Further included are
{4} a surviving mapfplan of the Selenka 1907 excavations [S0OM
Fig 524} —showing shared features with the 1900 map; (5) a
glass negative of a photo (41_0001 ) of the Selenka 1907 excavations
(SOM Figs. 516-S17).

The supporting data concemn (1) glass negatives of additional
1907 photos (see 500 Table 51 for details) that could all be spatially
interpreted in relation to the main 1907 photo (see glass negative of
photo 41_0001) {2) excavation reports from Dubois’ sergeants
Kriele and de Winter in letter form, covering the pericd from 1891
to 1900, that aiso contain variows maps and plans documenting
{with the exception of one very early 1891 sketch) the excavations
of 1897 - 1900 and that are either lacking a scale, are schematic, lack
sufticient extent, or do not show unambiguouos reference points (or
any combination thereof}; (3) publications by Dubois and Selen-
ka—including a crucial map showing the 1891 1803 excavations
[S0M Fig. 5258) and photos from Selenka’s monograph; (4) a glass
negative of a photo taken by van Es in 1926 of the Trinil site (S0M
Fg 522}

The 1804 1900 and 1926 glass negatives, the 1900 map, and de
Kricle and de Winter letters are part of the DBobois Archive of the
Maturalis Biodiversity Center {Leiden, the Metherlands; see Albers
and De Yoz, 2010 for more information on the imagery from: the
Dubois Archive) and were commercially scanned. The 1894 1900
and 1926 glass nezatives were scanned on an Epson scanner at
4800 dpi. The 1900 map was scanned on an 05 14000 Al scanner at
600 dpi. The scans of the glass negatives are included in this paper
{see SOM Table S1 for details). The scans of the letters are available
on request,

The 1907 glass negatives are part of the Oppenoorth Archive
that was gifted by [oke Oppencorth to Naturalis Biodiversity Center
and curated there. These glass negatives were digitized at the
Teylers Museum (Haardem, the Netherlands) using a Canon 1Ds
with an EF 100 mm {/2.8 Macro U5M lens. The photographs of the
relevant 1907 glass negatives are included in this paper {see 50M
Table 51 for details). The 1907 map is part of the Selenka archive
curated at the Museum fiir Naturkunde {Berlin, Germany ) and was
photographed using a Canon Digital IXUS 96015, Lens distortion for
the 1907 map was corrected for using the visible grid.
Ceoreferencing map data The 1900 map was georeferenced using

{1} shared reference polnts visible on the map and in the present
day, for which the coordinates are known from either differential
giobal positioning system (DGPS) measurement or extracted from
referenced orthophotos; (2) scale information incluoded on several
versions of the 1900 map; (3] publicly available historical magnetic
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declination data indicating the dewiation between compass north
and troe north (Alken et ail_, 2021) that can be accessed throogh an
online map viewer (NOAA, 2020} The 1907 map covers a sub-
stantially smaller area and did not provide direct (ie., present-day)
reference paints. It was, therefore, manually fitted (see SOM 51,

Field of view assessment of historical imagery The bidimensional
(21 field of view [FOWV) assessment of a photo with a known
camera standpoint (Le, 1900 photos 1-111) was performed as fol-
lows: the x (horizontal) coordinates in pixels of two reference
points (1 and 11 in Fiz. 2A) and the midline {usually X002 ) were
exiracted. The wvertical component, e, the y-coordinate, was
ignored because of uncertainties regarding the vertical camera
angle of the photos. For the 1900 photos. the latitede/longitude
coordinates of the camera posifions were extracted from the
geareferenced mag in QGIS v. 3,161 {QGI5.0rg, 20207}, while a rough
approximation of the azimuth of the photo (Le,, its midline) could
be estimated. Using the real-world coordinates and estimated
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arimuth of the camera positions as well as the raster coordinates of
the reference points and midline, the latter two could, using trig-
onometry, be projected on a map as points on an imaginary pro-
jection plane lying at an arbitrary distance from the camera
position (Fiz. 2B; in practice, UAV ortho imagery with differential
CPS-measured reference points displayed as point data, see below ).
When the reference points on the projection plane did not line up
with the sightline between the camera position and the actual
position of a reference point, small adjustments in the position of
the midline were carried out When correct, it produces a scale (x
pixels [in the image] = ¥ m |on the projection plane]) for the pro-
jecton plane

For the other photos (Le., from 1894, 1907), the carmera stand-
point was not known, making the prooess of assessing the FOV less
straightforward. This involved obtaining a larger number of addi-
fional referencef/control points; either points with known co-
ordinates obfained through sightine intersections analysis (see
below) of pwo 1900 photos or any combination of 1900 (photo 07,
1907, and 1894 photos. Additionally, the intersections of 1894]
1200/1907 sightlines with the present-day shoreline were used (as
obtained from UAY imagery, see SOM Fig. 5209} assuming no large
deviation from the 1900 situation

For the FOV assessment of the 1894 photo additional control was

sought berause it documents the 1891 1893 pis yielding key
hominin fossils including Femur L As the photo shows the Kendeng
range in the far background, sightlines for this feamre were
compared with the results of a viewshed anzlysis from the recon-
strucied camera position for that photo. For this, the "‘GRASS
rviewshed” function in QGIS was vsed on the publicly availabie
Digital Flevation Model Nasional of Indonesia elevation model
(027 arcsecond resolution ) with default settings, plus the advanced
parameters ‘consider earth curvature” and ‘consider the effect of
atmospheric refraction’ enabied.
Sightline intersection analysis and complementary functions Hav-
ing established the FOV for all five photos, real-world coordinates
were calcufated for features that oocur on at least two of these
photos {here referred to as sightline intersecton analysis ). This was
done by extracting the raster (x} coordinate for the feature of in-
terest from the first photo and plotting it on the already fixed and
scaled projection plane for this photo (Fig. 28). Together with the
camera position, this constitates a sightline. After repeating this for
the same feature visible in the second photo, the latitude/longitude
coordinates for a point of interest were calculated by intersecting
the two sightlines (Fiz. ZB). When a pamticular feature was only
visible on one photo, only an angular orientation could be
extracted.

The potential sources of error in the FOV assessment and sub-
sequent sightline intersection analysis could be the resulr of geo-
metric lens distortion of the images or inaccuracies of the camera
positions as indicated on the 1900 map, For the 1900 imagery, it
was possible to plot a shared point three tmes, Le., once for every
image pair; 1L IL 1L To gquantfy the spread of the in-
tersections in refation to their arithmetic mean, the root mean
square error was caloulated for each shared point

The caloulations can also be inversed, allowing the possibility o
plot known map features as angular orientations on the historical
imagery. This made it possible to plot the locations of the
200182019 sections (see Section 2.2) on the bhack walls visible in
the 19001307 historical imagery, allowing for direct stratigraphic
CcHnparisons at specific points in the historical excavation area.

Furthermore, by adjusting the position of the projection plane
(see Fig. 2B) to that of a feature of interest (e.g., a cer@in position
along the back wall), approximate scale bars could be added to the
historical imagery. Given the large distance between the camera
positions and the features of interest, the effect of potential heighe
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differences between them (e, non-level camera position) is
negligible For the 1900 imagery, scale bars along the back wall
could be calibrated with each other using the water level within the
pit as base level. Direct stratigraphic correlation between the 1900
1907 imagery and the 20182019 situation at the east end of the
historical excavation area (see section 3 4) made it possible to label
the scale bars on the 1900/1907 historical imagery with absolute
[bur approximate ) elevations in m above mean sea level [ +MSLL
Stratigraphic analysis of historical imagery All historical frmagery
outlined in the section Historical sources was carefully inspected
for stratigraphic information and zeological features. Where
necessary, adjustments were made in contrast and brighiness)
exposure to better recognize laver boundaries and features, which
were marked on a separate layer, The thickness of the stratigraphic
units could be assessed wsing the scaling method cutlined in the
previous section Although a selection of photos is presented in the
main text, all historical imagery can be found in both annotated and
unannotaied form in the SOM (see 50M Table 51 for details):

22 20182019 fieldwork dota

Differential global positioning system data The spatial position of
sections and reference points for the obtained UAY imagery/DEM
were — unless otherwise specified (see below)— measured using a
Sokkia GRX2 DLPS. This surveying equipment has a relative posi-
tioning accuracy of 3— 10 mm horizontally and 5-15 mm vertically.
Measurements were @aken in the World Geodetic System 84/LUTM
zone 495 system [EPSG:32749) with elevations recorded as ellip-
soidal heights. These were converted to meters m-+ MSL by sub-
tracting the local geoid height of 25142 m obtained from the
ECMO6 model. From here on all elevations are given as +MSL un-
less atherwise specified. To account for potential errors in the ab-
solute positioning of the base station and ensure reproducibility in
future studies, the coordinates of the center point of the Dubois
monument —erecied in 1853 o commemorate and indicate the
position of his key finds (see SOM Figs. 534 and 535)—is specitied
here as being: x = 53952344, y = 9184803 34, 7 = 8720 (WC584;
6206 m +MSLYL

Unmanned aerial vehicle imagery and bathymetric measuremenis
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Orthophoto and digital elevation model generation The UAV im-
agery was processed osing Agisoft Photoscan Professional v, 145
{Agisoft, 2018), using the reference methods described above. After
rendering 30 models from the imagery, they were exporied as
orthophotos and DEMs (50M Fgs 529 -532) These were subse-
quently imported into QGIS for further analysis. This GIS softwane
package was used o combine the 2018 site DEM produced by LAV
imagery with the bathymetry measurements mken with DEPS | see
above) to create one continuous elevation hathymetry model (SOM
Fig. 531}

Although presented here together in a single map (eg., Fiz 4},
the 2019 river bank DEM was not merged with the 2018 one due o
differences in water levels and in excavation progress.
Documentation of sections and fest pirs and the stratigraphic
framework of Trinil The methodology of documenting the sechons
and the |chrono jstratigraphic work in general is covered in detail
by lilzen et al. {2023 Here the correlations outfined by Hilgen of
al {20273) are used to connect the detailed Trinil site stratigraphy o
the formations revised/defined by Berghuis et al. {20211

Three test pits of 1 ® WEre set out by DCPS in the southeastern
part of the historical excavation area where thicker (remnants of)
fossil-bearing deposits are preserved above water level. Each star-
ted at a different vertical position within the fossil-bearing de-
posits. The pits and fossil finds within them were carefully
excavated, documented, and measured by DGPS (see above ). At the
end of each season, the stratigraphy of the pit walls was logged and
photographed (conform the methodology for sections specified in
Hilgen et al, 2023) The fossil finds were plotted vertically on an-
notated orthophotos o study their vertical distribution.

3. Results
1. Spatigl reconstruction: Dubois 1900

The resulis of the spatial reconstruction of the historcl exca-
vation pits and the position of the hominin fossils are presented in
non-chronological order, starting with the 1900 excavations that
yielded the most coherent set of primary documentation.
Georeferencing the 1900 map and field of view assessment of 1900

All aerial imagery, which serves as input for both orthorectified
images and DEMs (see section below) was collected using a DJI
Mavic Pro drone. The overview vertical imagery of the wider Trinil
area was taken on 25 September 2018 from an altitude of ca 120 m
Flying and photography were done using Pixdd v, 450 software
{Pixdd, Prilly). This software, running on a mobile device that is
connected o the drone, allows the latter to fiy and shoot images of
a pre-set area independently. For geographic reference, the internal
GPS of the drone was used [in m +MSL)

Aprial imagery of the excavation area was taken on 10 October
2018 from an altitude of ca. 15 m above the low water level of the
Solo River using the Pixdd software. The imagery was referenced
using ground control points that were marked by spray-painted
nails and measared by DGPS (see details above) To reconstrsct
the surface of the subagueous parts of the Trinil site, DGPS mea-
surements were faken below water level with the waterproofed
module remaining (just) above it, either from a boat or by wading.
To best approximate the depth of pirs, the DGPS staff was pressed
through as much loose mud as possible.

In 2019, work at the excavabion area was focused on sirab-
graphic sections in the present-day river bank and on exposing the
more southward lying historical excavation walls of the site. As this
area was poorly covered by the 2018 vertical imagery due (o
overhanging vegetation, additfional horizontal and oblique imagery
covering this area was manually shot on 11 October 2019, These
images were referenced conform o the 2018 imagery.

ﬂntl:rs The process of geareferencing the Dubois 1900 map and the
assessment of the FOV is described in detail in S0OM 51 (see also
50N Figs. 533 538) Using two clear reference points, scale infor-
mation, and declination data, the map could successfully be
seoreferenced (Fig. 3A). Using the camera positions on the 1900
map and three reference points, the FOV's of the three photos could
be established (Fiz. 3A). A series of points visible on all three photos
plots accurately on the 1900 back wall (black triangles in Fiz. 3C)
with low root mean square errofs ranging from 8.7 to 194 om.
Other key points along the back wall [z 3B) also plot accurately
on the map (Fig 3CL

Position of the 1900 excavation pit{s] Large parts of the 1900 back
wall {as spatially reconstructed in Fig. 3C) are still recognizable in
the field today (Fig. 4). The first segment of the wall ran orginally
from the western end up to platform A, but only the middle part
remains visible as it was oot short in the west by a later pitjout.
while toward the east it is covered by robble. The 20M8 2019
Sections 516 and 521 lie in the extension of this first segment.
behind (Le., south of) platforms A and B, respectively. Both plat-
forms were most likely excavated down to water level in 1908 (see
bejow) but the new sections — representing primary deposits—are
sifuated right on the back wall line indicated on the 1900 map. The
second segment of the wall is recognizable north of platform A, and
runs, after a nudge, straight toward the southeast comer of the
19040 pit on the map. The eastern part of this segment and the
southeast corner were not recognized at first due o large blocks of
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deposits originating from a higher stratigraphic position lying in
front of it {see Section 3.5). Removal of vegetation and colluvium
exposed, just south of these blocks, a low, straight wall of primary
BBC [Bone-Bearing Channel }-2 deposits (see Section 3.4 and Hilgen
et al. 2023 ) nunning toward the southeast comer where i meets up
with the east wall of the 1900 pit (seealso Fig. 9). This suggesis a
slight deviation of the photo/DEM from the map (hatched area in
Fig. 3C) From the southeast corner of the pit, a low wall continues
north toward S14E and a characteristic ' southwest—northeast
running {drainage) channel (Fig 3C) Platform C is completely
removed as well, which can be attributed to the 19071908 exca-
vations {see below ), The northern border of the 1900 pit is on the
map sitiated north of the low walls (former excavation balks)
visible in the DEM (Fig. 4); the low walls were probably kept as a
buifer or access path between the deep pit and the loose spoils {as
suggested by a worker walking there; see red circle on Fig. 3B). The
short diagonal wall in the DEM (wavy line in Fg 4) just north of
platform A corresponds 1o a simtlar feature just in front of the group
of workers in the 1900 photo (Fig 3B).

Position of hominin fossils {Femora 11 V) The fossil Femora 11-V are
thought to have been excavated in 1900 but were only identified as
hominin in 1932 at the maseam in Leiden {Dubois, 19323, 1932b,
1924 ). Therefore, their position was neither recorded on any map
nor reported in the 1900 letiers Dubois mentons a distance of
16— 48 m from the skullcap, but given the uncertainty regarding the
assumed position of the latter (see below), the femora could orig-
inate from anywhere in the nearly 90 m long pit. Nevertheless, their
provenance will be further considered in the discussion.

32 Spatial reconstruction: Sefenka 1907 - 1908

Field of view assessment of 1907 photo The back wall visible on the
Selenka 1907 photo {Fiz. 5B8) shows partial overlap with that visible
on the 1900 photo (Fiz 3B), which made it relarively easy to
determine the camera positon and FOV of this photo (Fig. SAL
Sightlines of photo features {Fig. 5B} project acourately on the map,
for instance, the northwest corner of platform B and the sourtheast
womer of the 1900 excavations (Fig. 5C, see SOM 51 for more
details).

Position of the 1907 1908 excavation pits Most of the Selenka feld
documentation has not been preserved, but a fairly detailed plan of
the 1907 excavations is still available (Fig. 5D; see SOM Fig. 524 for
original L. While generally reflecting the situation visible in the 1907
photo (Fg. 5B), it needed adaptation (Fig 5D) to Gt sightlines ob-
tained from the photo (Fig. 5C) and to connect with the 1900 pit
remains identified on the DEM (Fiz &; see SOM 51 for details).

In the west, pit d of the Selenka map can be cdearly recognized,
creating a notch in the overlapping Dubois/Selenka back wall
(Fig. 61 The line connecting 522A, 516, and 521 (Fig. 6] represents
the probable back wall after the 1907/ 1908 excavations, but in the
1807 photo (Fiz 5B, platform B is <till standing. West of plaiform B,
the main Selenka pit {parts a-c}) cuts deep into the river bank
(Fig. &), where now predominantly colluyium can be found. At the
east end, the back wall runs north toward the southeast corner of
the 1900 excavations identified in the field, which is recognizable in
the 1907 photo as a slight notch in the wall (Fig. SB).

As the 1907 - 1908 excavations were the last large-scale excava-
rions at Trinil, they largely determined the current state of the site,
warranting a detailed look at the excavation progress. The part be-
tween the 1900 back wall and a- ¢ (Fig. ) was most likely the sodrce
of the blocks lying in front of it The partially collapsed {i.e., ‘decapi-
tated") wall {see Section 3.5 for details ) seems o have been remioved
up to the level of the bone-bearing deposits, after which a track was
laid on top of it (Oppenoorth, 1911} Then, excavations were started
from the top, which was, judging by the accessory 1907 imagery
{500 Fig=s 513 514), done according o the 1907 plan{ie, partsa ¢}
Eventually, a northward extension of the main pit started by Oppe-
noorth was also excavated to full depth (Carthaus, 1911 6), which can
only be the area north of A—C Excluding the surface area covered by
the necessary steps in the wall, the complete pit would have
measured —37 % 6 m (222 m*), which together with pitd [31.5 m)
totals 2535 m°, closely approximating the tokal excavated area of
260 m” reported for 1907 (Oppenoorth, 1911 ), Prepamatory work took
place on platform C that year { part e on Fig. 50; see SOM Fig. 519 but
was not described in the report for 1907

Unfortanately, maps of documentation of the 1908 excavation
have not survived, except for a short report {Dozy, 1911 b ). Particular
pits were [again) labeled as a-«, but the map referred to in the
report was omitted from the publication. However, part ¢ was
described as being situated in the easternmost part of the excava-
tion area where the bone-bearing deposits completely disappear
{Bozy, 1311h]). This was most likely where preparatory work ook
place the previous year; ie., platfiorm C(Fig &6; part e/'unexcavated”
on Fig 50} The remaining parts, a and b, may have been the (re-
mains of) platiorms A and B, as they are mot visible on post- 1907
imagery (SOM Figs. 521 -522). Details on fossil finds made there
or find density are absent in the documentation.

3.3, Spatial reconsiruction: Dubois 1894 (1891 -1893)

Field of view assessment of 1894 photo The 1894 photo, doc-

pmenting a very early stage of the Trinil excavations, does not show
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any of the foreground features of the later imagery. Using known
background features, including those visible in the upstream outer
bend of the Solo River (Fig 7: SOM Fig. 538) and the Kendeng range
in the far backgroond (SOM Fig. $39), the camera position and FOV
of the 1894 phom could be determined (Fiz. 7A: see SOM S1 for
details].

Position of the 1851 1893 excavation pits With the 1891 - 1883 pits
being situated further into the river than those of 1200 and 1907, their
position can only be spatially reconstrocted by looking at the very low
wall remains that can be found there (Fiz. 8) and identifying how they

platform.

intersect with sightlines obtained from the 1894 photo, for which the
camera position and FOV was established. In the 1894 photo (Fig. 7B),
one of the mast characteristic features visible is the southeast comer
of the back wall, making a >90° angle. Soch a comner (<115} can be
seen on the DEM, situated exactly on the sighiline for this feature
{armow ‘SE" in Fiz. 8L From here the low excavation wall can be fol-
lowed in a west - southwest direction, which differentiates it from the
(dlose (o] east-west oriented low wall remains to the south that can
be linked to the 1900/ 1907 excavations. The change in pit orientation
most likely took place in 1899, when, after several years of no oronly
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small pits being dug on the left hank, large-scale excavation recom-
menced along a sguare meter grid system (SOM Fig. S38A). Note-
wuorthy is also the collapse in the back wall —a recurring feature in the
Trinil excavation imagery.

On both the 1894 photo and DEM, the wall continues north by
east (- 107} from the southeast corner. This shorter 2ast wall is, due
to its orientation facing the camera, particularly suitable for strat-
igraphic interpretation [see section 14) The wall connects near

relenence patnt.

water level to a low, relatively straight-lined low bank (LB) of well-
consolidated sediments (middle of Fig. 7B), standing out among the
colluvium and spoil material. Sightlines for the LB place it where
now a ‘negative’ of this feature can be found on the DEM (Fig. 8A)L
This negative follows the outling visible in the photo, including the
flaring sides at its eastern end (see SOM Fig 540 for side-by-side
comparison with the present-day 3D model). It appears to have
been excavated down to the top of the BCL-5 lahar depaosits, which
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anby rarely yield fossils (see Hilgen et al, 2{27). This feature was
most likely described in a Held letter a5 2 6 m* ledpe that was
(independently) excavated after the river level receded [Eriele and
de Winter, 18595a). One year later, the remains of this ledge were
removed, yielding shells and bones (Kriele and de Winter, 1896);
exactly what was recovered in 200182019 from the surface of and
within a small 20 = 20 cm pitin the 'PK' feature (Fiz. ). This "Pulay
Kerang® (literally *Shell Island’), situated just 6 m from the LB
{Fiz BA and inset], is an elevated parch of BBC-1 deposits directly
overlying BGL-5, vielding numeroos fossil Pseudodon shells as well
as vertebrate fossils.

Additional photo features are harder to distinguish and compare
with the DEM due to large amounts of colluvium and spoils and
possibly somewhat higher water levels on the photo. The large
boulder in the photo is very likely to be the same as the one
encountered in the field today (Fig. 78, inset). However, despite the
attempis o incude it and its known present-day position in the
FOW assessment, it was not possible to integrare the big boulder as
well as all other reference and controld points. It also seems to be
situated further away from the camera position relative to the low
bank and southeast wall in the photo, and is, unlike other boulders
on the site, not embedded in sediment (Fig. TBL It therefore, most
likely shifted several meters downstream to its CUMment position
(Fiz. 8A). The heart-shaped shoreline visible in the photo (Fiz. 7B)
between the hig boulder and the LB does seem o be recognizahle
on the DEM (Fig. 8), supported by sightlines for several larger fea-
mures {hlue triangles 1-3 in Figs. 7 and BA).

On the DEM, starting just north of the LR, a pitedge [thin dashed
line, Fip. 8A) can be seen running more of less parallel o the 1894
back wall. Together they create an accommodation space of <15 m

mn

wide, which matches the combined width of the 1892 and 1893 pits
on the eariest and most detailed map documenting them (Feg BB:
Dubois, 1835¢c]. At the eastern emd, the boundary between the 1592
and 1893 pits can still be distinguished on the DEM by subagueous
wall remains {Fig 8A) It surfaces as a guadrant connecting to the
LB: most likely the southeastern part of the 1891 pit (circle in
Fig 8A)L. The 1891 pit has been described in letters and represented
in {other} maps as apparentdy having various shapes and di-
mensions. This can be best explained by the fact that ar this location
fossil-rich deposits were sitwated close o the surface [Dubaois,
18%6a), making it possible to recover them in an ad hoc fashion
(1.e., without digging a deep or well-defined pit}.

The 1892 pit required more planning as it involved the removal
of substantial amounts of overbarden (Kriele and de Winter, 1892a;
Dubois, 18990). At its eastern end, it did however cover the
southern part of the 1891 pit (Dubois, 1B96a) and was excavated
2 m below "low water level', as later recalied [(Kriele and de Winier,
1885h). The 1893 pit was in twrm excavated 1 m deeper than that of
1892 (Kriele and de Winier, 1893 - Although the confinuoas process
of erosion/deposition by the present-day Solo River makes an ab-
solute comparison difficult, the relative depths mentioned in these
letters seem to be reflected in the bathymetry model and the
reconstructed positions of the pits presented here (Fiz 8A) The
proposed pit positioning leaves an area of -7 = 8 m eastof the 1893
pit [shaded area Fig BA), which was either included in the latter or
not fully excavated yet and finished as a near-water level extension
of the later 1897 pit (that was most likely situated where the partial
collapse is visible on Fig. 7B; see SOM Fig 537)

Position of hominin lossils (Femur 1, skullcap, molars) The most

precise—but not necessarily acourate—source of information
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regarding the find spots of the hominin fossils are the intersection
points (red stars in Fig. SA; see also Fig. 3B, C) of the three 1900
beacons supposedly indicating the position of skullcap, Fermmur (1),
and molar [Kriele and de Winger, 1900a ). These positions, however,
fully contradict the pit positioning presented above (blue lines) and
the distance of 175 m (black arc in Fiz 8A) as indicated on the
Dubois monument (S0M Fiz 5348). An altemative positioning of
the fossils based on the 1894 phom and derived sightlines for the
locations of Femur 1 and the skullcap indicated by Dubois on an
annofated version of the photo (see SOM Fig 53), and an approxi-
mation of their relative distance from known site features (e.g., LB,
in the southeast corner), yields the positions indicated by the blue
stars (Fig. BA). Although more compatible with the 1891 1893 pit
positioning and distance indicated on the monument, the recon-
structed distance of 32 m between the skullcap and Femur 1 places
them too far apart, given the distance of 10-15 m indicated in
letters and publications [Dubois. 1894, 1884b, 19333, 1934). When
Femur | and the skullcap are positioned according o the 1896 map
and how that map fits on the DEM (green stars in Fig 8A), the
shullcap sits exactly on the 175 m ling from the monument, with
Femur | sitnated 15 m west - southwest of it Althooegh approximate
{iLe.. with an error margin of a few meters). these seem o be the
best approximations of the find localities of the skullcap and Femur
L The 1891 and 1892 molars were found, respectively, 1 m from the
skullcap and ca. 3 m from the skullcap in the direction of Femur |
(Dubais, 1896a), as also indicated on the 1896 map (Tig 8B}

The differences between the positions reconsiructed here, those
visible on the annotated 18284 photo and those marked by the 1900
beacons, are siTiking, but not surprising. There is a large distance
between the 1894 camera position and the excavation area relative
to distances between particular site features. This leads o apparent
{visual) depth compression of the image, which, together with
large amounts of coffuvium and debris on the site (and potentially
higher water levels), may have led to Dubois erming in lzbeling the
1894 photo. It is also worth considering that Femur | was excavated
in Avgust 1892 (Dubois. 18%3a)— possibly in a test pit-like expo-
sure— before the excavation of the larger 1892 trench commenced
(Kriele and de Winter, 1892h, 1892, Dubois, 18930 Joordens et al.,
2015). When it comes o the beacons, unceriainty regarding the
position of the fossils and the pits they were found in was
expressed in the excavation letters and attributed to the 4—5 m of
spoil overburden and the removal of as many low walls [ ‘dijkjes’, in
Dutch} as possible (Kriele and de Winter, 1900b). Although at-
tempis were supposedly made to uncover and find the 1891 - 1892
pits (Kriele and de Winter, 19000}, no further mention was made of
this initiative in the letters and the position of the beacons shows
that they were clearly unsuccessiul.

34 Strafgeraphic analysis: Enstern part

Here the stratigraphy of the eastérn part of the historical exca-
vation area is assessed (as visible in 1900 and 1907 imagery) and
compared with 2008 - 2019 sections 518, 519, and 522
Historical imagery 1900/1907 Due to ifs orientation, vertical
coverage, and unobstructed view, the 1900 east wall on photo
18900-11 documents the stratigraphy at the eastern end of the ex-
cavations very clearly (Fig. OA), The same wall is also visible in 1307,
a5 well as the southward extension made that year (Fig. SB). Unit 1
ini the 1900 photo is fairly dark, which may be due to increased
water saturation near water level Unit 2 is lighter-colored and
appears relatively coarse with horizontal bedding. Above unit 2, a
darker-colored and seemingly finer-srained laver is visible with no
apparent structure (unit 3), but it seems o consist of less-
consolidared material, creating a slight overhang of the overlying,
more consolidated white layer {unit 41 After an irregular contact

12
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follows a dark-colored layer, most likely silt or clay (unit 5). The
overlying layer {unit 6) shows quite some variability in color, which
could be related to variable degrees of water saturation (ie. the
waall drying out due o prolonged exposure ). However, the inter-
bedding of darker and lighter layers iz visible in the southeast
corner of the 1907 photo (Fig. 9B), which can also be seen on the
short south wall (SOM Fig 5111 The color difference between the
lower and upper parts of unit 6 on the south wall is not visible on
the east wall. Unit 7 is difficult to assess as it is largely affected by
collapse {see also far left in Fiz 14A) The contact with unit & is
clearly visibie on the south wall but can be distinguished on the
east wall as well The succession continues on the south wall with
unit B, which can be identified as a conglomerate (Fig. 12C). This is
overlain by finer-grained deposits up o the vegetation of the
sawah. The 1200 southeast corner shows a collapse reaching up
the base of unit 7 (Fig 9A-B). In the 1907 photo, the surface of
platform C was worked to a lower level rendering the same collapse
difficult to discern, but further south a small channel indsion cut-
ting down to the base of unit 7 can be seen.

2018 2019 stratigraphy Although most of platform C has been
removed in 1208, the 20182019 sections dug in the present-day
river bank just o the south of iteach yielded primary deposits
(Fig. 9C-D). Of the historic east wall (red line in Fig 9), only the
lowest part has been preserved, including Section S14E in the
norherm hall. From the southeast cormer, the wall runs west behind
secondary blocks originating from a higher stratigraphic posifion
(see sections 3.2 and 3.5). South of that lies the 1907 pit (cyan line);
a test section dug there (519X yielded (as expected] only collu-
vium The low-lying (<44 m +M5L) outcrops north of the present-
day river bank- -as visible on the DEM (Fig. 10} —can in most cases
be connected to the stratigraphy visible in the eastern sections.

The stratigraphy encountered at the east end is summarized in
the composite stratigraphic colummn (Fig. 9E; see Hilgen ef al, 2023,
for detailed descriptions . Overlying a clay (Batn Gajah Clay 2 |BGC-
2| sensu Berghuis e al | 2021 that is only visibie in outcrop at the
northeastern commer of the site (Fig. 10) les a poarly sorted, matrix-
supported, volcanic breccia (Batu Gajah lahar 5 [BGL-5] sensu
Berghuns et al, 2021 ) This unit is extensively exposed in outorops
further north {Fig. 10). This is followed after an unconformable
contact by a poorly sorted, sandy-silty, matri-supported, fossil-
rich congiomerate rich in volcanic clasts, interspersed  with silt
layers, interpreted as a fluvially reworked BGL-5 lahar {Berghuis
et al, 2021} that is referred to as Bone-Bearing Channel 1 or BBC-
1 {sensu Hilgen et al, 2023). After another unconformicy, this is
followed by a ca. 2 m thick, planar cross-bedded, moderately sorted,
fossil-rich, sandy conglomerate with occasional lenses of finer
sediments {sand or silt) that is referred to as Bone-Bearing Channel
2 or BBC-2 (sensu Hilgen et al., 2023), that largely cuts through the
BBC-1. The BBC-2 is very rich in reworked soil concretions, most
notably toward the top. Although not very well-sorted, the cross-
bedded structure seems o indicate that it is a fluvial deposic
Although largely removed by the historical excavations, remains of
BOC-1 and BBEC-2 deposits are still visible in outcrops north of the
present-day nverbank (Fig 10}, in which test pits were dug (see
below ). The sections and outcrops indicate a southeast  northwest
orientation for both the BEC-1 and BBC-2 channels, with their infilis
wedging oot against the BGL-5 lahar toward the northeast
(Figs. 9C-1 and 10},

The BBC-2 layer is unconformably overlain by ca. 80 cm of cross-
bedded sands and silts, which did not yvield fossils and was less
comsolidated compared to the underlying deposits. Toward the top,
it is indurated into a hard, white bank. This seems to be the result of
diagenesis as the induration intersecis cross-bedding structores.
On the irregular unconformable contact lies a massive grey-brown
to dark grey clayey-siltfsilty clay, of which the lower part is rich in




E fop, % Hilgen, 5. Adfityararmas e al. Jewrmal of Human Evolution 6 (A23) 104312

Siraligraphy  Corrsiation
B 1007

E 2018518512514

e

& g e n

Zaolo Formation

Bapsim aliidmy

o e e e
| Emuaiy cemestod g, |
wolgh oesetedied |

i) Brin- skt
| ongnmerate

e - -

sl Gajah Farmation

F BBC-1 WHT (photo I}

BEGL-5
_BGC-2

R Ly 2
Aawiiked lnfer brocon
bty Ll

o [hstn b=

Lo
-~ 2018/2018)

Figure 8. Strangraphy of east end 1900{1907 excavations compared with 20062019 stratigraphy. (A ] strangraphy visible on the exa (and pares of) the seeth wall on T900 pheto 1,
(B stratigraphy visibile on the (extended ) east wall and (parts of the) sowth wall of the 1907 phista; the mset shows the track nening at appeosimately the top of enie 2; (C), (D)
exstem part of hismncl exavanons n 20% with exposed secmons (see tilgen o al_ 27003 fr deailed magery); (E] composite strangraghy of 5188, 51% and 514 and cormelation
winth histomical siratigraphy (see 1 Higen e al | 2027 for individuad section drowingsphotoeragies and their cormsatioens ). Scabe bars have an mberval in meten, (apprrimiie ) sl uie
vt are ilhcated by meters ahowe mean sea level, Aldwesiation: Plac  platform



E Fop, % Hilgen, 5. Adfityetamma e al.

PR ITAAL R B R i

E30SED
=it

Journai of Hentan Evolation 176 (2023) 103312

&} Dlwation/hathymetry

= {m +MsL

I 40.50

41.35

240

4.5

I 4150
Water (re bathy)

—- Sibaqueaus wallsl
1600 mag
Benreler bty LAY

S

F1p4a51

L

SLEAHHG

Fizuere W Digital elevation model (DEM] of the histoical excoathen armea and the sonotations indicating the soratigraghic units eoposed o the surface (see Fig. 9 for referemce|
The location of the fest pets (incloding TP1: see Fig 1) and sections are mificated for reference.

plant remains. Following (but only exposed in S1BB) is a thick layer
of well-consolidated (cross-) laminated (fine ) sand and silts, which
is brown-grey in the lower part and increasingly light grey-yellow
toward the top. In the lower part, bands/lenses of finer material are
visible.. This succession is after an unconformity capped by un-
consolidated brown-grey sravel. The deposits overlying the BBC-2
are interpreted as fluvial deposits that belong to the T2 terrace of
the Solo Formation (sensu Berghuis ot al | 2021 see also Hilzen ot
al, 2023}

Correlation The proximity of the 200182019 sections to the historic
east wall and the dear siratigraphic similarities between them,
allowed for a relatively straightforward correlation (Fg 9E)
particulariy for units 2 -5; Based on absolute elevations (calibrated
on the interface between units 2 and 3 ), both units 1 and 2 correlate
with the BBC-2, with unit | being darker due o water saturation
The BBC-1 is thus sitting below water level in the 1900 photo. The
looser, cross-bedded sand/silt above the BBC-2 and the indurared
bank above that can be directly correlated with units 3 and 4 in the
historical imagery. Units 58 could only be exposed in Section
S18B, which is situated further to the east, making cormelation with
the more westerly lyving 190071907 walls more tentative (Le., doe to
possible lateral variation). Mevertheless, the presence of first { dark-
colored) massive silifclay and (lighter-colored) finely structured
sand/silis are clearly recognizable in the historical imagery as units
5 and 6f7. In both S18B (gravel) and the historical imagery (unit 8
conglomerate ), a coarse layer is visible in the top part of the section,
but given the difference in consolidation, the difference in vertical
position [4-1.5 m in 518B), and distance between the two locations,
their correlation remains enfanve.

Test pits and the identification of the primary rargets of the his-
torical excavations The excavation of three test pits (TP -3, Fig 1)
revealed that the two units exposed in them, identifiable as the
BBC-1 and BBC-Z [see also iigen ef al, 2023), are both highly
fossiliferous—together yielding 458 fossils from L7 m sediment
Of these, 356 were measured by DGPS. The deepest pit, TP (Fig. 11),
yielded the largest number of fossil finds (n = 203; DGPS measured
finds from 0.8 m]}ofwlﬁj:h most were found in the BBC-2 deposits

(n =156). The BBC-1, separated from the BBC-2 by a lens of silt that
sits at the top of the BBC-1, was notably less fossil-richi(n = 47). The
BEC-1 and BBC-2 in the test pits {see also S0M Fie 541) contain
vertehrate fossils, fossil bivalve mollosks, and plantfwood remains,
but the BBC-1 seems proportionally richer in bivalves and (large)
winod remains (e.g., branches in TP2 and tree tunks found in BBC-1
putcrops between TP and TP2, see Hilgen et al . 2033: SOM
Fig. S4A). The sections and outcrops show that the underlying BGL-
5 and overlying cross-bedded sands/silts are relatively poor in
fossils.

The stratigraphic position, lithology, and fossil content of the
BBC-1 and BBC-2 largely agres with the historical descriptions and
figures by Dubois, Oppenoorth, Carthaus, and Dozy of the fossiiif-
erous deposits excavated near low water level. Dubois described

15t apd |
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deposits of BBC-1 (ncloding sitt Liyer ) anad 0C-2 See SO0 e 540 for il vertizl
distributias of the other two test pits (T2, TP3L
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twio fossiliferous units yielding vertebrate fauna, freshwater shells,
and even tree trunks (Dubois, 1892a): a highly fossiliferous lapilli
layer, and below that, a conglomerate that contains few bones,
whereas the black clay below that yielded none [Dubois, 1896a)
The BGC-2 clay is in the 20182019 stratigraphy underying the
BGL-5 lahar (Fig. SE), but the Latter thins toward the west and the
BGC-2 is, therefore, likely to underlie the BBC-1 where Dubais dug
his 18511893 pits. Similarly, the apparent lower find density in
Dubais’ conglomerate than that of the BBC-1 may be based on
observarions made further west at the site and the result of variabte
levels of reworking of the BGL-5. Oppenoorth describes a basal
fossiliferous part of the HE level as being coarser with large vol-
canic clasts, as opposed to its finer middle and upper parts that
rontain ‘hard clay nodules’ (Oppenoorth, 1911 )— paossibly referring
to the soil nodules that particularly acoumulate at the top of the
BBC-2 Carthaus also recognized one ‘Koochenschichi’, consisting of
lapilli to boulder-sized volcanic material and yielding vertebrate
fossils, shells (including Uniz, 1e, Pseudodon), tree trunks, and
branches {Carthaws, 1911a). Interestingly, Dozy distinguished on the
right bank a fossiliferous conglomerate ("Harter Konglomerattuft')
between the 'Konglomerattuff™ and the HLE (Dozy, 1909, 1911a),
particularly in two sections [ Dozy, 1911a: Plate X that intersect that
of Carthaus {who only distinguished one find-rich level)l In one
section [B), the fossiliferous conglomerate and HK. are toward the
south separated by a clay layer, which may have contribuied to
thelr recognition as separate strama on the right bank.

That the top of the HLE corresponds to the top of unit 2/BBC-2 is
supported by Dozy’s accurate description of the deposits overlying
the HLK. at the lefi-bank excavation (Dogy, 1909: 609), matching
those observed in the historical imagery and in the 20182019
sections. Furthermore, according o Oppenoorth | 1911 ), both the
H.K. and the Decauville track were situated at the same level below
the fossil Stepodon remains foond in onit 7 when he oversaw the
wark in June/july of 1907. Imagery from that period indeed shows
the track sitting at the same elevation as unit 2 (Fiz. 9B inset, S0OM
Figs: 513-514; note: the track was situated lower in Aumost, e
Fig. 9B

35 Soatgraphic analysis: Middle port

Here the siratigraphy of the central part of the historical exca-
vation area is assessed {as visible in the 1900, 1907, and 1894
imagery].

Historical imagery 1500/1907 In the 15900 photo, the series of units
1-8 can be followed for some distance along the south wall (Fig
128, C). The lower resolution 1907 photo (Fiz 120) reveals fewer
details, aggravated by a more or less uniform, dark (water-satu-
rated?) appearance of the lower part. Accessory 1907 images (S0M
Figs. 513—-514) are of better reselaotion, bat there the wall shows
vanous levels of progressfcleaning. and the Decauville track and its
foundation obscure the view on the lower part of the stratigraphy.
incloding the fossil-bearing levels. Im the 1900 photo (Fig. 124, C),
units 1/2 show lenses, which are partly weathered out of the wall
producing characteristic undercuts. The undulating [diagenetic)
hard bank observed in the east wall {unit 4) is recognizable, but
appears more irregular here and situated lower in the cross-bedded
sands. Toward the west, units 2 - 4 are interrupied by a channel cut,
which deepens roward the west where the group of workers is
excavating in the 1900 photo (Fig. 12A; see also Fig 12C) The exact
depth and the number of fills of this channel cut are difficult to
estahlish based on the imagery, A finer-grained fill is clearly visibte
reaching close to the water level in the pit, while the wall surface
below that could either represent a coarser lower fill or (BBC-2)
deposits affected by surface exposure (e, mud drapes, drying)
Evidence for a deep incision is however provided by 20182019
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section 516 [ see below ), which shows an absence of BRC-2 and BRC-
1 deposits well below water level. The fine-grained deposits of onit
5 are ciearty visible, bur the contact with overlying unit 6 appears
gradual [Fig 12A, C). The lower part of unit & {a) is darkerffiner-
grained, while the upper part (b) is generally lighter colored (Fig.
12; SOM Figs: 56-57, 513-5i4) Beds of altemarting Lghter/
coarser and darkerffiner sediments are visible, but are, contrary o
the 1907 east wall, inclined (S0M Fiz S7). Unit 7 follows after a
clear contact, showing variation in color that can be partly attrib-
ured toexposure [ Le., vertical dark bands ). Accessory 1907 imagery
{SOM Figs, 513--514) reveals plastic deformation between a fighter-
colored fop part and a darker bottom part. The fossil Stesodon and
Hippopotmmus remains situated in this layer (Fig. 120; S0M Fig. 515)
were indeed said o have been recovered from a light grey clay
{Oppencorth, 1911 ). Unit & is visible in the 1200 photo but cut off on
both sides by collapses (Fig. 12A, C}. Unit 8 is also visible in the 1907
imagery (Fig. 12D; SOM Fizz. 513 514), but here Hanked by clearly
visible channel cuts that are prebably small-scale erosion. zullies.
Given their positions, it is reasonable to assume that the 1900
collapses ok place where these gullies—flled with younger, less
consolidated sediments [Oppenoorth, 1911) —were exposed in the
back wall. The total stratigraphic succession, visible in the 1200
south wall, measures -9 m from water level o the top of the
SECTinn.

Historical imagery 1894 Using the reconstrocted location of the

18911893 pits (Fig 8A), elements of these pits can be (approxi-
mately} projected in the 1900 imagery (Fig. 12A--B) The 1894 east
wall provides the best view of the siratigraphy exposed during the
1891 1893 excavation and shows a very similar succession as is
visible on the 1900/ 1907 east wall and large parts of the south wall.
The strata appear to be inclined, but this is most likely due to the
oblique viewing angle on both the horizontal (Fig. 8A) and vertical
awes (ie. high camera position; S0OM Fig. 5308). The basal sucoes-
sion of units 14 is clearly visible. Therefore. the lower channel cut
identified in the 1900 back wall must have missed the 1894 east
wall and ran west of it [oranpe arrow Fig. 12A-B) in a
southeast-northwest onentation. Due o a very obligue viewing
angle on the 1894 south wall (not shown completely here, but see
Fig. 7B}, it is not very well visible, exacerbated by a large collapse at
its eastern end. Given the depth and spatial position of the collapse,
it is most likely an extension of the erosion gully identified in the
19040/ 1907 photos. Unformunately, the colluvium from this collapse
obscures the view of the lower stratigraphy, including the expected
Iower channel identified in the 1900 photo.

Correlation with 20182019 stratigraphy During the 20182019

fieldwork, it was not possible (o document large sections along the
37 m long main Selenka pic its back wall is situated at least 8 m south
of tharof the 1900 pit{Fz. 12D E; see plan view in Fiz. &) and in front
of it lies a substantial amount of collovium. However, the border
between the 1900 and 1907 pits is still visible as a low wall, consisting
of BBC-2 deposits (Fig. 12E). In front of this wall and inside the 1900
pit, large blocks of sediments wiere found in secondary position. The
lower part of the blocks consists of clayey silt (or silty clay) with a
frequent coourrence of freshwater snails and the upper part consists
of fine cross-bedded/laminated sand. At the eastern end, the blocks
appear to be lying horizontally, but at the western end, they arein an
angled position. The same blocks, albeit ina more complete state, are
documented by early, accessory 1907 imagery (SOM Figs. 510512},
revealing a siratigraphy that can be correlated with units 5/6- 8.
Later, the area where the blocks were situated was leveled at or just
above the op of BBC-2 to lay the Decauville track {Oppenoorth, 1971;
SOM Fizs. 513 and 514), which necessitated the removal of the up-
permost parts of the blocks. Their lower remnants, covering units 5/6
and still carrying characteristic tool marks, survived up to the pre-
sent-day, as they are situated below the top of the BBC-2.
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Fgare 11 Srabgraphy between platfomm C and B of the 1900{1907 excavations compared with the 20082019 siuation (which dad ot yield long sections of promary depesiis |
Sarathgrapby visible on de esst aned south wall of 1900 photo 1 (A} and the exst wall of the 1594 phow (8), whise appreinate positien relative o the 1900 phat could be
established vsing the skphtline amabysis; (C) samee wiall 25 in A, but seen from the cameera position of photo | {see Fiz 38); (D) aragemaphy visible on the east wall and soath wall on
the 1907 photo; the mset shows the Decanilie track at appeocimately the levd ol the tmp ol unit 2, (E) obligoe erthophoto of the area between platform C and B i 2019, the inset
shows the east —west runnng wall ronming parallel to the 1900 back wall, ot here unotsoroceed by secondary deposits and revealing planar cross-tbedding and {partly undesout )
Eenses. Scale bars have an interval in meters, (approximate] abselute elevations are indicated in meters above mean sea ovel Abbwreviaton: Mat  plarfoam

A better exposed, ungbstructed 16 m long low wall of BBC-2
deposits can be found running parallel to the 1900 back wall,
about 7 m north of it, dividing the easternmast part of the 1900 pit
in a northern and southern half (Fig 12E; see also Fig 4.) This low
wall shows planar {(cross-) bedding. Motable is the differential
erosion of the finer (silty) interbeds, creating lens-shaped un-
dercutsfoverhangs within and at the base of the BBC-2 deposits,
similar to whar is visible in the 1900 back wall (Fig. 124, CL

Within the 1907 main excavation area (blue area in Fiz. 12E),
remaining primary deposits could enly be found at a very short
section [523) higher up in the river bank (485 4 MSL). This short
section i5 situated where the wall of the first step of the 1907

excavation is expeced o be (Fiz &) and documents cross-
laminated sands and silts similar to those observed at the same
level in S18E (see composite siratigraphy in Fig. 9E) and in the op
of 521 [see below ;.

186, Strotigraphic analysis: Western part

Here the stratigraphy of the western part of the historicat
EXcavation area is assessed (as visible in the 1900 and 1907 and
compared with 2018 - 2019 Sections 521, 516, and S22,

Historical imagery 1900/1907 At platforms A and B in the 1900

photo, the basal part of the stratigraphy is formed by the infill of the
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channel (Fig. 13A). Units 56 are recognizable on the back wall at
platform B as a gradient of increasinaly lishter (coarser?) deposits.
Around platform A, the unequal light conditions and shorter ex-
posures impair the visibility of the stratfigraphy there. Toward the
top of unit 6B, the sediments seem to have been emding from the
section creating an undercut  below the overhang of well-
consolidated deposits of unit 7. This contact can be followed
the south wall of platform A but is cut short by a complex of channel
incisions that reach down to at least water level These incisions
also seem to cut through the aforementioned lower channe! (and

Jewrmal of Human Evolution 6 (A23) 104312

its original western margin area). In the 1907 photo, both the lower
and upper parts of the stratigraphy at platforms A and B are not
visible due to respective backfill and being covered in vegeration.
Only the contact between units 6 and 7 can be clearly distin-
puished. Just west of {(backfill-covered) platform A in the 1907
photo, above pit d. the semi-circular outline of a wall collapse
seems o be visible {also visible before excavations starred that
year: S0M Fig. 58} night where the channel incisions are visible in
the 1900 photo. To the west of that cross-bedded sediments [of
BVEN younger age) can be seen (Fig 13R). From there, the Trinil

- WMzzsive siivoisy

s==m=—m= Finely cross-bedded of
EONIES pross-laminated siity sand

| Troegh cross-beddad sty ssnd

Farailed iaminsted sand

{1 Finely cross-bedded or
! cross-laminated s3nd

| (gravelly) rough cross-bedded sand
Approimate waler ievel 1800 pit
= Lo weater leved 20182018

Figmre 13. Smangraphy between plicform B and west end of the 19880/ 1907 excovatons compared with the 20082009 sitmation. (A} stratigraphy wisible on south wall of 12300
phioto 0; (B} syatigraphy visible oo the soath wall of the 1907 photo; [C) oblgue ortsphoto of the ares bebween plafoom B and the wesz end in 20019, with (inset) dewail phato of
Selenka's plod; (D) 20182019 section docimented betwesn pladorm B and the west end of the historical escrvations (see fillgeon s al 29075 for detaled mmagery of the section ).

Sicale hars have an interval in meters, {approkimate} afsolute elevations are indicated in meters above mean sea level. Abbreviation: Mar
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inner bend headland descends toward the present-day Solo River,
ending the exposure.
Correlation with 2018 2019 stratigraphy After a large gap of more
than 40 m, longer sections could again be exposed ar 521 and 516
[Fig. 13C-D). They are situated behind, respectively, platform B and
A in line with (the wall running in front of ) 522A further to the west
{Fig. 13A-C; see plan view in Fiz €} Where the eastern secions
yielded fossil-rich BBC-1 and BBC-2 deposits, they are absent in
sections 521 and 516, despite being dug as deep as or deeper than
518C (Fiz. 13DY, Rather, ar similar levels, these sections show pre-
dominanty well-sorted, trough cross-bedded sands and are
comparatively poor in {vertebrate) fossils. A notable exception is
the find of two well-preserved and articulated fossil bovid verte-
brae ar 43.4 m +MSL in 516 Toward the bottom of 516, the cross-
bedded sands are cemented, which can also be seen in oulcrop
along the waterline in front of 516 (Fiz. 13€). At 516, coring up to
2 m below the cemented bottom of the section yielded similar
sandy deposits and a gravel lag that consists predominanty of well-
rounded andesite gravel, suggesting long-distance bedload trans-
port in 2 major river. This contrast with the badly sorted BBC-1/2
deposits with a gravel lag dominated by soil nodules, suggesting
more focal streams. Based on their fluvial character and position
(Fig. 13A), the lower pans of 521 and 516 (<455 m) represent the
infill of the lower channel identified in the historical imagery and
suggest that it reached substantially deeper than the water level
indicated on the 1900 photo. The middle and upper parts of 521 are
sitting at the same heights as units 5 and 6a in the east and show on
the top of a layer of relatively coarse, cross-bedded sands, smaller-
scale cross-bedding, or cross-lamination with occasional {massive)
silt lenses and an overall fining of sediments (Le. increased silt
component) This indicates lower-energy fluvial deposition. Based
on elevation and compasition, the deposits exposed in 516 and 521
can be identified as the T2 terrace stage of the Solo Formation
{sensu Berphans et al, 2021 L

The first incision of a larger channe] complex visible in the 1900
photo [Fiz. 13A) and collapse in the 1907 photo (Fig. 13B) seems still
recognizabie in 2019 asa recess in the river bank (Fig_ 13C), sitting
just west of former platform A and above Selenka pit d (Fig 13C
inset ). To the west, a seemingly reduced | compared to 1900/1907)
haut still protruding stack of cross-bedded sands and siles (Fig. 130)
can be found, which was documented by sections S22A--C (pre-
sented as a composite in Fig 13D} Given their position within the
channel complex, these deposits are younger than those observed
in 516 and 521 and generally document low-energy fluviatile
deposition.

4. Discussion
4.1 Stratigraphy: Intermittent fluvial incdsion and ogeradation

Dne characteristic feature of the complex stratigraphy of the
Trinil excavation site {Fz 14) is intermittent fluvial incision and
aggradation, which had a strong impact on the genesis, presenva-
tion, and composition of the fossil-beanng deposits. AL the (left-
bank part of the] Trinil site, the BCL-5 lahar (dated at 830- 773 ka:
Hilgen et al, 2023} —and probably the BGC-2 clay below thar—is
incised by the BBC-1 (Fiz. 14A) The BBC-1 channel infill is not
visible in the historical imagery due to higher water levels but could
be documented during the new feldwork and was also dated at
B30-773 ka (Hilgen ot 2l 2023 ). Well-visible in the historical im-
agery (units 1-2 in Figs. 9,12) is the BBC-2, which largely cuts
through the BBC-1 (Fiz 14A-B) and is filled with deposits of a
substantially younger age, at 560380 ka (Hilzen ef al, 2023 ) Both
fossil-bearing channel infills belong to the Batu Gajah Formation
(Hilgen er al, 2023), which is part of the pre-terrace stratigraphy
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(Berghuiz et al, 2021). Based on sections (Figs. 9. 12, and 13) and
exposures (Fig 10) at the left bank ewcavation area, a
southeast - northwest orientation could be reconstructed for both
channels, wedging out against the BCL-5 lahar in the northeast
{purple dotted line; Fiz. 148 C}. This wedging out of fossil-bearing
deposits was also ohserved at the same location by Dozy in the
easternmost pit (~platform C) of the 1908 excavations (Dozy
1911bL. When the orientation of the channels on the left bank is
extrapolated toward the right bank, they intersect with the area
covered by the historical right-bank excavations (Fiz. 14D} Here,
Dubais and Selenka @wregeted, according o their accounits, the same
fossil-bearing layers as they exposed on the left bank. supporting
the reconstructed course presented here. The top of these deposits
was measured by ‘nivellierunsg’ 'warerpassing’ (leveling. Le, using a
theodolite) to run more or less honzontally between the excava-
tions on both banks of the Solo River { Doy, 19509, 1911b),

This was, however, neither the only nor the last time the Trinil
site was affected by channel incision. Careful inspection of the
historical imagery revealed the presence of a channel cutting
through the lower part (units 2 4] of the historical stratigraphy
about halfway along the 1900 back wall (Fg. 14A—B). This includes
the highly fossiliferous BRC-2 deposits and possibly the BBC-1 as
well This observation agrees with results from the 2018 2018
fieldwork that documented BBC-1 and BBC-2 deposits between
475 and 45 4 m +MSL in the test pits and eastern sections, but not
at similar elevations in the sections situated at west of the incision
(Fig. 14A—C; see also Hilgen et al, 2023} Unfortunately, samples
taken from one of these westermn sections {516, at 43.4 m + MSL) did
not yvield definitive ages, with an age range from the fate Middle o
Late Pleistocene [Hilgen et al, 2023) These deposits can, however,
be identified as being part of the T2 terrace that vielded an age of 95
[+56/—36) ka at nearby Crinseng (Berphuis et al, 2021), ie., ter
minal Middie to Late Pleistocene. Moreover, the T2 terrace can be
comrelated with the Neandong termace in the Kendeng area
(Berghuis et al |, 2021) dating between 140 and 92 ka (Rizal et al.
20720). The reconstructed position and stratigraphy of the 1894
east wall (see Fig. 12A--B), showing BBC-2 deposits, indicate that
the T2 channel muost have incsed west of it e, running
southeast - northwest {dotted oranse arrow with ermor margin in
Fig 14C) This approximate orientation is cormroborated by the dis-
covery of deposits in Section 517 (right-bank) with a similar li-
thology and luminescence signal as those in 521 and 516 { Hilgen et
al. 202%) at depths of up o 44.7 m +MSL This section lies just
south of where most of the Selenka excavations ook place
(Fiz. 14D} the position of the Dubois excavations there is
approximate. The change in lithology is in agreement with corings
performed there during the Selenka campaign [ Dozy, 19112l Con-
trary to the north, east, and west, where the HLE. wedges out [ Dozy,
1909, 1971k, 1971 1 a: Plate X). this is not observed to the south where
the corings indicate the absence of FLE. deposits. The available
evidence, therefore, suggests that the T2 channel had a
southeast—northwest orientation, Le., similar to the older BBC-1
and BBC-2 channels (Fig. 140). The BBC-1 and BBC-2 deposits can
thos be summanzed as constifuting a nmarrow sitrip of highly
fossiliferous deposits, which on the northeast side wedges out
against the fossil-poor BGL-5 lahar and are on the southwestern
side incised by the T2 channel.

Difficult to see during the recent fieldwork, but very obwvious
from the historical imagery, is the complex of younger channels
cutting through the complete stratigraphy (Fig. 14A-B) at the
western side of the historical excavation area. These are either
related to a younger T2 termce or—based on superposition—to the
T1 terrace (both part of the Solo Formation sensu Berghuis ot al|
2021, but both options require testing by absolute dating of
these deposits. The steep incision angle of thischannel, as visible in
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the east—west section of the 1900 back wall, supgests an oricnta-
tion roughly perpendicular to the wall, Such a north--sooth orien-
tation would more or less align with the valley created by the
meander belt of the present-day Solo {eg, Berghuis et al | 2071
Fig. ZA).

in addition. smaller-scale and more recent erosion gullies
appear higher in the stratigraphy. sometimes visible in section {see
1807 photo in Fig. 12D}, but mostly visible as collapses of their less-
consolidated channel infill (see 1894 photo in Fig 10B and 1200
photo in Fig 14A- B) or reported as a collapse (in the ‘24 m pit’,
Kriele, 1IE99) The western erosion gully can be traced from 1854 to
1900 images showing a southeast— northwest orentaton. This
gully is sitvated too high o have affected the BBC-1/BBC-2 deposits
hut intersects the level where the Stegodon remains were found in
during the Selenka excavations (see below ).

42 Strateraphic provenance of the fossil remaing from Trind

The combined results of this study and Hilgen et al {3023
demonstrate that fve successive units of different ages are lying
at low water levels (e, 42 5-45.0 m + MSL) within the area of the
historical  Trinil  excavations: the BGL-5 lahar  deposits
(830~ 773 ka), the channel infills of BEC-1 (also 830773 ka) and
BBC-2 (560380 ka), the T2 channel infill (ferminal Middle to Late
Meistocens ), and channel complex deposits [ potentially related to
the T1 rerrace. -31 ka: Berghuis er al. 20021} Together, these de-
POsits span approximately 700 kyrover a distance of a mere 100 m
(Fig 14A).

Based on the stedy of the historical documentation and the
results of the est pits, the BBC-1 and BBC-2 can be identified as the
main targets of the historical excavatons, although find densities
vary horizontally and vertically. The BBC-2 constitutes the key part
of the main bone bed (ie. ‘Lapillischicht or Tlauptknochen-
schicht'). while historically, the BBC-1 is sometimes considered a
ooarse, basal part of the main bone bed, or a separate entity un-
derlying it. The historical excavation pits targeting these deposits
clearly terminate where the BBC-1 and BBC-2 wedge out against
the fossil-poor BGL-5 deposits in the northeasterm part of the
excavation area and deepen toward the southwest (see DEM
Fig. 10} —ie. the excavations followed the base of the fossil-rich
deposits:

Toward the west of the site, both the BBEC-1 and BBC-2 are
incised by the substantially younger T2 channel (Fig 14A-C})
Alchough it was not feasible to investigate the channel infill with
rest pits (doe to a high sroundwater table and focally a higher de-
gree of cementation), the sections covering these deposits (521,
£16) did yield fossils, albeit in fairty low quantities. Whether this is
representative of the find-density in the deeper-lying parts of the
Dubois pits (reaching down to minimally 404 +MSL, see Fig 10),
and whether BBC-1/BBC-2 deposits were still situated below the T2
channel remains uncertain {Fig 14A). The fact that a substantial
part of the Dubois excavation area lies within the reconsiructed
vourse of the T2 channel suggests that the latter contained suffi-
cent fossils to continue excavating there. The same may hold for
the younger channel complex [vielding a veriebrate fossil in 5224
and some fossils visible in natural outcrops at similar elevations). It
i= situated further west, bur because of its expected course being
more northward than that of the T2 channel, stll intersects with
substantial paris of Dubois’ excavation area (Fig 140}

It is noteworthy that Selenka’s large-scale excavations of 1907
forused on the eastern side of Dubois’ excavation area. except for a
small westerly (test) pit (DY) that was never expanded (Fig. 6L The
find documentation for that year shows that two highly fossilif-
erous layers were excavated (layer 3 and 4), of which the former can
be identified as (a constituent of) the MK (S0M 52, 50M Fig 42)
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The distributions of finds from bath lavers do not overlap (Fig_ 14C):
the easterty one (layer 3/H.K.) aligns with the BBC-1/BBC-2 zone
and the westerly one (layer 4) with the reconstructed course of the
T2 channel, suggesting that the latter also affected the Selenka
excavations. No imamery or other documentation of 1208 is avail-
able, but based on post- 1908 imagery, platforms A and B appear o
have been excavated that year. However, contrary to the Dubois pits
in front of it, these excavations never went deeper than —43.5 m as
evidenced by primary deposits encountered in 521 and by primary
deposits outcropping in front of S16. As work was shifred later in
1908 o the right bank—where almost two times the volume was
excavaied than at the left bank (Dozy, 19115} —the decreased
prospects at the left bank must have been noted.

Given the high density of fossils in both the BBC-1 and BBC-2
obsenved dunng the 20182019 fieldwork and the age difference
between the two units, fogether they potentially constituie a large
source of heterogeneity within Dubois’ and Selenka's lefi-bank
Trinil fossil assemblages. The aforementioned find distribution of
the 1907 Selenka excavations suggests that the contribution of the
T2 channel may also be significant. Unfortunately, detailed fiossil
find information is not available for the Dubois excavations but it is
clear that they infersected with these channels and that they
yielded fossils,

The data presented provide unambiguous evidence for
HBaristra’s { 1982 assertion that terrace deposits can be found at low
elevarions at Trinil. It also supports his view that Dubois and
Selenka (unknowingly) excavated through both older pre-terrace
deposiis and younger femace deposits, and that, as a conse-
quence; the Trinil assemblages likely contain fossils of different
ages. It should be stressed that the documented cycles of erosion
and deposition may have alse led o the reworking of older ele-
ments inyounger layers (see Hilgen et al, 20273 ) Until there is a way
o truly account for the provenance of fossils from the Dubois and
Selenka collections | see below), it is thus imperative to consider the
Trimil (HK.) fauna as a mixed one {see Hilgen et al | 2023 for a more
elaborate discossion ).

All fossils coming from deposits sitnated above unit 34 (orange
line in Fiz 14A-K) are of equal or younger age than the T2 channel,
including the remains of Stegodon and hippopotamps excavated
45 m above the BRC-2 during the Selenka campaign.

43, The hominin fossils from Trimil

Provenance of the hominin fossils This study established the po-
sition of the historical excavation pits, the most likely recovery
spots of the key fossils, as well as the approximate orientations of
the channels intersecting the historical excavation area. Based on
this information, the skullcap, the two molars, and the 1897 pre-
molar can be confidently placed within the zone covered by BBC-1
and BBC-2 deposits (Fiz. 148 CL

For the Trinil Femora -V, the provenance is difficult o assess.
They are reponted to have been found during the 1900 excavations
(Dabots, 1932a, 1932h, 1934), which covered BBC-1, BBC-2, T2
channel, and younger channel complex deposits (Fiz. 14}, Their
mist likely provenance will be further discussed in relation o
surface taphonomy below.

To assess the stratigraphic provenance of Femur L it (s necessary
o not only kmow its horzontal position but also know the elevation
it was found in, as (1) it is unknown how deep the T2 channel
reaches and whether there are BEC-1/BBC-2 deposits still situated
below it and (2]} the T2 channel gains depth going west as visible on
the historical imagery and reflected in the depth at which fine-
grained, cross-bedded, fuviatile deposits can be found in sections
516 and 5Z1. Close to where the skullcap was found, the base of the
find-bearing deposits sits at a minimum depth of 427 m +MSL
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(1891 pit on Fig. B). Dubois’ descriptions and (idealized) section
drawings indicate that the skullcap (and the most fossil-rich level)
was sitfing above a -50 cm thick fossil-bearing conglomerate (e.g.
Durhi=, 18950), whose remnants are possibly represented by a
stone cover/lag sitting in and around the 1891 pit (Figs. 8, 10} This
would sitoate the skullcap and Femur | following Dubois’ and his
assistants’ assertions that they were found at the same level (eg.
Kriele and de Winter, 1892d; Dubois, 189%4a} —at an elevation of
432 m + MSL e, similar o the water level visible in the 1200
imagery (Mg 14B) According to a noie by Dubois (1893c), the
deepest point of the 1893 pit sat 2.8 m below the level of the
skulicap {and thus Femur 1) If that is subtracied from the 432 m
estimation for the skullcap, the deepest point of the 1853 pit should
e 40 4 m +MSL. This closely approximates the lowest bathymetry
point obtained for that pit at 4055 m +MSL The elevation of
—432 m should be interpreted as a minimum, however, as high
fossil densities similar to those described by Dubois could be
documented wp toelevations of 44.1 m + MSL for BBC-2 deposits in
TPl [(50OM Fg 541) Given these elevations, and whilst acknowd-
edging the uncertainties that are inherent to this type of analysis, ar
an elevation of >43.2 m 4 MSL, there is a high probability that the
T2 channel intersected the discovery location of Femur 1. However,
given it sharp incsion angle and northward course, it cannot be
excloded that also the younger channel complex intersected the
discovery location of Femur | (Fig. 14B-C)L

These findings make it worthwhile - consider the circum-
stances surmounding the discovery of Femur |, The exposure that
yielded the femur was initially isolated from the 1891 excavations
{Dubois, 1852c), relatively small compared to larger-sized trench in
which it was later that year incorporated (see-section 3 3), and the
fossil-rich zone was frequently plagued by floodings (Kriele and de
Winter, 18092h, 1892c, 1897s, 18921} —complicating dear strat-
graphic observations. The provenance of the femur was specified by
Kriele and de Winter only after Dubois received the shipment thar
contained the fossil at Tulung Agung (100 km southeast of Trinil)
and realized its hominin nature (Dubois 1940). Based on these
letters, he concluded thar the skullcap and Femuor | were coming
from the same bed (Dubais, 1940), while the letters outlining its
provenance only smated they were coming from {approximatehy)
the same level ("ongeveert op de diepte van de chimpansekop” [the
femur]; Kricte and de Winter, 1892d: 1; ‘op dezelfde diepte”; Kriele
and de Winter, 18920b: 1)

The reconstructed provenance of the hominin fossils presented
here is clearly at odds with a recent paper that primarily relied on
historical sources {Huffman et al., 2022) and was pablished when
this one was in Its reviston stage.

Taphonomical considerations Preliminary comparative tapho-
nomical and micro-CT scanning analyses of the hominin fossils
from Trinil (Pop et al., 2020) indicate that even thoogh the skallcap
and all fermora appear to be heavily fossilized, all but Femur | show
conspicuous ‘pitting” visible on the surface of the bone— possibly
due 1o acid corrosion by pyrite decay (Le., oxidation . Although the
fossil marerial excavared from the test pits is not necessarily
taphonomically representative of the material excavated during the
historical excavations and limited to BEC-1 and BBC-2 deposits
only, the presence of pitting on the cortical surfaces of most bones
is noteworthy, especially compared to fossils with better-presenved
surfaces that were encountered in other strata (eg., the bovid
vertebrae from 516). Based on these preliminary resulis, it is
plausible that Femora [V were like the skullcap and
molars—recovered from BBC-2 or BRC-1 deposits. Although well-
preserved fossils like Femur 1 (e, heavily fossilized, but without
the pitting obhserved on BBC-1 and BBC-2 fossils) were recovered
from T2 and vounger channel deposits, their number is insufficient
for a representative comparison. Mevertheless, the appearance of

.4
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Femur 1is strikingly different from the fossils recovered from BBC- 1
and BBC-2, with even the fine details of the exostosis on this fossil
being preserved. The provenance and (preliminary) taphonomical
studies seem to agree with chemical analyses of interior compact
bone, that grouped Femora [1-V with the skullcap, while Femur |
clearly diverged (Barisiokas and Day, 1993 )

Detailed taphonomic studies in the future may shed more tight
on the provenance of the hominin and non-hominin fossils in the
historical collections, but this would require taphonomic reference
data based on a sufficiently-large assemblage of material with
known provenance. For the Dubois collection, contextual infor-
mation is rare and, when available, difficult to place within the
stratigraphic framework. As mentioned above, the Selenka field
data does include stratigraphic provenance information, of which
particularky the aforementioned matenal from layers 3 and 4 pro-
vide an interesting research perspective. The fossil assemblage
excavated from the 2018 - 2019 test pits is small and because it has
been situated quite close to the surface since the overburden was
removed during historical excavanons, it is possibly not apho-
nomically representative of the material excavated by Dubois and
Selenka.

The possible age of the Trinil fossils and the current framework of
human evolution in Southeast Asia While crudal, knowing the

stratigraphic position and the age of these sirata is insufficient to
assess the acmal age of fossils found within them. As outlined in
more detail by Hilzen et al (20273), the erosional and intersectional
character of the channel structures, the fluvial character of their
find-bearing deposits; as well as the long ‘tails” observed in single-
grain detrital "™Ar/"Ar dating camples—representing  almost
continuous volcanic activity over the complete span of the
Pleistocene —, indicate a large degree of reworking of sediments
and, potentially, fossils. This would explain why a Trinil HE fau-
na’—which at Trinil is largely situated in deposits of 830773 and
560--380 ka (Hilgen et al. 2023} —was recovered ar the Sangiran
site from the fine-grained upper Sangiran Formation up to the
900 ka old Grenzbank (de Vos et al, 1994). This not only constitutes
a key problem for the biostratigraphy of Java, which is given further
consideration in Hilgen et al (2023, but also affects the hominin
remains from Trinil, as discussed in more detail below.

The skullcap, molars, and 1897 premolar were most likehy
recovered from BBC-1 andjor BBC-2 deposits of 830 -773 or
560- 380 ka. However, the morphological studies generally group
the Trinil skullcap with Early Pleistocens H. erectus fossils from
Sangiran {(Kaifuet al, 2008, 2015 Baab and Zaim, 2017)}—in some
cases pardcularly with the group found in and befow the Grenz-
bank {Kaifu et al, 2011) at >900 ka (Matso ura et al . 2020; Hilgen et
al. 2027 —hut not with Late Pleistocene 1. erecius from Nzandong
(Rizal &t al . 20207 ar those considered to be of similar (Baah aned
Zmim, 2017} or intermediate age and/or morphology (MgawifSam-
bungmacan; Baba et al, 2003; Kaifu et al, 2015} Similarly, the two
Trinil molars that have been attributed to F. érectus by some au-
thors [Smith et al. 2009: Moerwidi et al, 2020) are by others
attributed to a non-hominin primate (Schwanz and Taoersall,
2003} or 1o Meganthropus palaeojvanicus, a non-Homo hominid
for which all other atiributed dental remains of known strati-
graphic provenance are coming from Early Pleistocene deposits ar
Sangiran { Zanolli et al, 219} These results imply that the skullcap
and molars were part of an older fauna reworked from BBC-1
{830 773 ka) or even older deposits, as also suggested above.

Femara [I-V, for which a BEC-1 andfor BBC-2 provenance is
most likely too, were from their ‘discovery’ onward considerad o
be morphologically comparable to H eredhis femora from Zhow-
koudian in China (von Koenigewald and Weidenreich, 1939), while
later, some authors have noted similarities with modern humans
too (Day and Molleson, 1973; Kennedy, 1983). A recent detailed
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miorphological study (including CT analysis) concluded that Femora
-V differ significantly from Femur | (discussed below) and are
morphologically consistent with Early or early Middle Pleistocene
H erectus (Ruff et al . 2015 ). However, due to the effect of reworking,
their age is uncertain and their position in the evolutionary
framework of Southeast Asia remains unclear. Direct dating using
U-series {e.g., Mijares et al, 2010; Ruff er al, 2082} could provide
minimum ages for these key fossils.

Femur |, the "bone of contention”, most likely originates from
either T2 channel deposits | erminal Middle eo Late Pleistocene) or
the younger channel complex whose infill may be as young as -31
ka (terrace T1; Berghuis ef al, 2021; Ruff et al, 2022) Although it
cannot be excluded that Femur | was reworked from older deposits
o0, its surface faphonomy, complete state (which is rare in BBC-2
deposits as documented during recent heldwork), and relatively
mdemn appearance suggests that it may actually be contempora-
neous with the sediments it was most likely deposited in— just like
the well-preserved and articulated bovid vertebrae found in 516
Assuming 2 T2 or Tl age, there are three possibilities for the
taxonomic attribution of Femur L The first is that Femuor - given its
possible contemporaneity with the Ngandong fossils-—belongs to
the youngest group of I erecrus that may have persisted on Java as
late as 100 ka (Rizal et al, 2020) Although Femur | 1s morpho-
logically distinct from Early Pleistocene L enectus, no Javanese late
Middle to Late Pleistocene femora are known from a securs strat-
igraphic context that could be compared against. A new femur from
Banjarejo—said to show morphological affinities with both
I erectus and H. sopiens (Moerwidi et al, 2021 }—may offer new
possibilities for comparison, but unfortunately lacks a stratigraphic
ToRleExE

The second possibility is that Femur | belongs o HL sapiens.
Assuming a T2 age (terminal Middle to Late Pleistocene), it would,
however, be the oldest modern human fossil known so far from
Southeast Asia, as the earliest proposed [ sgpiens remains
currently postdate 75 ka in Southeast Asia and Australia { Clarkson
et al_, 2017 Westaway et al | 2017: Shackelford =t al, 2018), while
others dispute these claims and maintain a more conservative
dispersal date of 5055 ka ((0'Connell er al, 2018; Hublin, 2021}
Alternatively, Femur | could derive from the younger channel
complex, whose deposits may correlate with the 31 ka old T1
terrace of the Solo Formation (Berghuis et al, 2021) Although
Pleistocene modern human fossils are relatively rare in island
Southeast Asia, fossils of similar or somewhat older age are known
from the area—including a femur from Niah Cave (Borneo: Storm
et al, 2013; Cormoe ef al, 2006), and further east in Australia
[Thorme et al, 1999; Clarkson et al, 2017} In addition, recently tbwo
hominin fossil femora from Trinid— T9 and T1D-— have been sourced
to terrace T1 deposits and dated by U-series yvielding a minimum
age of 3134 ka (Ruff et al. 2022 ). These fossils—that were found
by Prof. Teuku Jacob in 1978 at the right bank in cross-bedded sands
at Trinil —could be identified as a small-bodied M. sapiens
morphologically aligning with specimens from the late Late Pleis-
tocene, while Femur | aligns with early Late Pleistocene H. sapiens
(Ruff et al, 2015, 2022)

Third, the inferred relatively young age of Femur | suggests that
it could represent a Denisovan individual. The fossil finds from
Denisova Cave (Altai, Russia) and Baishiva Cave (Tibetan Plateauw,
China) and DNA analysis performed on them provide evidence for
another hominin present in Asia during the late Middle and Late
PMeistocens (eg., Krause et al, 2000; Chen et al, 2019). Unforiun-
nately, the number of fossils from these sites 1s small and/or non-
diagnostic (Brown e al, 2022) and does not include a femaur for
comparison. Based on Denisovan introgression in the genomes of
present-day populations from Island Southeast Asia and Oceania
(Resch etal, 2111; Jacobs etal, 2019; Larena et al_ 2021; Teixeira
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&t al. 2021}, it has been supgested that Denisovans were present
in Southeast-Asia (Westaway, 2019) and prefliminary morphological
Comparisons even point o Java (Viola et al. 2019) The recent find
of a fossil molar from Lao= appears to confirm Denisovan presence
in Sourheast Asia (Demeter of al. 2022).

The mxonomic oncertainty surrounding Femur | and the pro-
visional status of its youngest possible age, warmant atfempis
date the younger channel complex deposits (Le. 522A) and o
directly date the fossil isself using U-series {conform Ruif 2t al_
2022} and possibly 'C A paleoproteomics analysis (see eg.,
Welker, 20018 ) of Femur | may reveal the taxonomic identity of this
famous thighbone that gave H. erectus its species name. The abiri-
bution of Femur | to something other than H. erecius will have no
Exonomic consequences for the latter speces, as the skallcap is its
ype specamen and lectotype (Meikle and Parker, 1994),

44 Beyond Trindl

The Trinil excavations played a stimulating role in the devel-
opment of palesanthropological feldwork, showing that dedicated
attempts o recover early human fossils could yield spectacular
resulis. However, as demonstrated here, major erosional features
were missed, leading o ermonecus interpretations regarding the
provenance of some of the key fossils. The reasons for this lay parthy
outside the control of Dubois and his team: the stratigraphy at Trinil
is complex, most fossils were found near water level, and the fields
of palecanthropolozy and sedimentology still stood in their infancy.
However, it is fair o say that some of his confEEmporaries (eg.,
members of the Seienka expedition) were more careful in their
documentation of the contextof their finds than Dubois. For these
reasons, as well as the high stakes involved, one should be careful in
taking the results and interpretations from this and other early
fieldwork in the region at face valoe (see also Berghuis ef al, 2022
In the past, it has been claimed that “doubting the accuracy and
care with which Dubois carried out his excavations (...} decreases
the value of the famous collection and frustrates the paleontolog-
ical and biostratigraphic research in S.E Asia” (Sondaar ef al, 1983:
339). All evidence, whether gathered ower a century ago by
Dubois —who played without a doubt a crucial role in the field of
palecanthropology —or by means of high-tech excavations in the
present day, should be met with scrutiny, Such critical interrogation
of the evidence determines the value of the information— which in
this case includes the collection and brings true progress for
paleontological and biostratigraphic research in Southeast Asia.

5. Conclusions

In this study, the location of the historical Trinil excavations pits
and the position of the hominin fossils within them —including
Trinil Fernur |, the ‘bone of contention™ — was reconstructed, and the
historical stratigraphy was compared and integrated with the re-
sults obtained in the 2018 2019 feldwork. In conjunction with the
results of Hilgen et al (2023). the following conclusions can be
drawmn:

Much of the stratigraphy documented by the excavations of
Dubeis and Selenka and (part of the) excavations pits they dug can
still be identified at Trinil in the present day. However, the Trinil
stratigraphy is more complex than previously assumed, with evi-
dence for intermittent fuvial incision and aggradation having
taken place at the site, and the presence of Early to Late Pleistoceneg
fossiliferous deposits situated at low water level

The BBEC-1 (830773 ka) and BBC-2 (560380 ka) channels—-
that incise and overly the fossil-poor BCL-5 lahar— can be identified
as the primary targets of the historical Dubois and Selenka exca-
vations. As they are both highly fossiliferous, but of very different
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ages, they are likely to constitute a large source of heterogeneity
within Dubois’ and Selenka’s fossil assemblames.

The skullcap, molars, and Femaora -V likely originate from the
BBC-1 and BBEC-2 channel infills, but reworking from older layers is
likely.

The T2 channel [terminal Middle to Late Pleistocene) incised the
BBC-1 and BBC-Z2 deposits and ran in a southeast - northwest
orientation through large parts of the historical excavation area. A
younger channel compiex (possibly T1 at -31 ka) is likely to have
intersected large parts of the Dubois excavation area as well. Both
the reconstructed course of the T2 channel and that of the younger
channel complex intersect the reconstructed discovery location of
Femur L OF course, the exact course of the channel between the
control peints on the left and right bank cannot be established
anymore, but the reconstructions provide a plausible explanation
for the difference in the morphology, taphonomy, and eadier
chemical analyses of Fernur | in comparison with the skullcap and
Femur IV, It undermines the credibility of a scenario in which the
shullcap and femur were recovered from the same stratigraphic
layer and places the burden of proof on potential proponents of that
hypothesis.

Given the morphology and two most likely ages for Femur [, it
may belong to H. erectus (L Ngandong ), to H. sapiens, or possibly (o
a Denisovan. Dating of deposits exposed in the westernmaost part of
the Trinil site, direct dating of Femuor 1, and proteomics will shed
more light on its provenance, age, and taxonomic position.

The Trinil site as a case study underlines the challenges of
working with historical collections/sites, particularly when they are
situated in complex, fluvial contexrs. Although new fieldwork at
such sites can address most existing issues, however, Ccertain issues
inherent to thevially reworked assemblages will remain unceriain
New fieldwork within fine-grained (hasin) contexts may offer the
best way forward.
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