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The Oldowan represents the earliest recurrent evidence of human material culture and one of the longest-lasting forms of technology. Its appearance across the African continent amid the Plio-Pleistocene profound ecological transformations, and posterior dispersal throughout the Old World is at the foundation of hominin technological dependence. However, uncertainties exist concerning the degree to which the Oldowan constitutes an environment-driven behavioral adaptation. Moreover, it is necessary to understand how Oldowan technology varied through time in response to hominin ecological demands. In this study, we present the stone tool assemblage from Ewass Oldupa, a recently discovered archeological site that signals the earliest hominin occupation of Oldupai Gorge (formerly Olduvai) ∼2.03 Ma. At Ewass Oldupa, hominins underwent marked environmental shifts over the course of a ∼200 kyr period. In this article, we deployed an analysis that combines technological and typological descriptions with an innovative quantitative approach, the Volumetric Reconstruction Method. Our results indicate that hominins overcame major ecological challenges while relying on technological strategies that remained essentially unchanged. This highlights the Oldowan efficiency, as its basic set of technological traits was able to sustain hominins throughout multiple environments.
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INTRODUCTION

The long-lasting Oldowan tradition signals the onset of technological dependence among hominins. Understanding the Oldowan’s origins and development is key for examining the factors that differentiated hominins from non-human primates, allowing them to thrive through an efficient exploitation of Plio-Pleistocene environments despite strong ecological competition. The earliest known Oldowan tool kits occur at ca. 2.6 Ma, as identified at the Ethiopian sites of Bokol Dora (Braun et al., 2019) and Gona (Semaw et al., 1997). With eastern Africa as their presumed cradle, Oldowan-bearing cultures seem geographically widespread by ∼2.0 Ma, following dispersal into the temperate zone in places like Algeria (Sahnouni et al., 2018) and South Africa (Kuman and Clarke, 2000; Figure 1A), galvanizing in contexts occupied by diverse hominin genera such as Australopithecus, Paranthropus, and Homo (Leakey et al., 1964; Leakey, 1971; Wood, 1997; Blumenschine et al., 2003). Importantly, we still do not know which species is responsible for the development of this technology, or if it appeared simultaneously in different territories and among different hominin groups (Wood, 1997; Tennie et al., 2017). Stone tool technologies comparable to the African Oldowan are found across Eurasia (Baena et al., 2010; Ferring et al., 2011; Mgeladze et al., 2011; Moyano et al., 2011; de Lombera-Hermida et al., 2015; Mosquera et al., 2018; Zhu et al., 2018) from ∼2.0 Ma onward, thus pointing to the Oldowan as the first widespread technological system in the Old World.
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FIGURE 1. (A) Map of Early Oldowan African sites: 1, Lomekwi; 2, Bokol Dora; 3, Gona; 4, Hadar (AL666); 5, Lokalalei; 6, Omo; 7, Ain Boucherit; 8, Kanjera South; 9, Koobi Fora; 10, Oldupai Gorge; 11, Fejej; 12, Melka Kunture; 13, Sterkfontein; 14, Ain Hanech; 15, El Kherba. (B) Detail map on Oldupai Gorge and the location of Ewass Oldupa in relation with DK, FLK, Loc. 68, Naibor Soit and Nasiusiu. (C) Stratigraphic section from Ewass Oldupa, subdivided into two segments: Lower Bed I (i) and Upper Bed I (ii). See Mercader et al. (2021) for detailed descriptions. Maps modified from Tinted Hillshade using ESRI ArcGIS Desktop 10.5.1 (https://desktop.arcgis.com) and Images ServicesWorldElevation/Terrain Server Tinted Hillside Airbus, USGS, NGA, NASA, CGIAR, NCEAS, NLS, OS, NMA, Geodatastyrelsen, GSA, GSI and the GIS user community (CC BY-SA 4.0; https://creativecommons.org/licenses/by/4.0/).


The Oldowan hominins evolved amid climatic and ecological variability across the Plio-Pleistocene, with cooling and drying leading to open habitats, species turnover, and dispersal (Potts, 1991, 1998; Plummer, 2004). Roughly paralleling these climatic and environmental changes, hominins began to rely on stone tool technologies based on cobbles, cores, and flakes (Potts, 1991). Variation in Oldowan tool kits has been documented (de la Torre and Mora, 2008; Stout et al., 2010), yet there is uncertainty as to what type of lithic diversity emanates from environmental pressure, cognition, and/or behavioral complexity (Stout et al., 2010). Some of the underlying causes for Oldowan technological variability remain unknown owing to two reasons: (1) the scarcity of high-resolution, multi-episode localities amenable to diachronic study, firmly dated, and in ecological context and (2) the inferential challenges derived from conflicting classification and nomenclature systems in the study of stone technology, a probable consequence of the overuse of Leakey’s (1971) typological criteria.

To partly address these problems, we conducted new archeological research in the region where the Oldowan was first identified, Oldupai Gorge (formerly Olduvai), Tanzania. The Oldupai site complex is arguably one of the richest and best-dated geological, paleontological, and archeological archives from the last ∼2.4 million years (Hay, 1976; Deino, 2012; McHenry, 2012; Deino et al., 2020; McHenry et al., 2020; Stanistreet et al., 2020). Most of the information about hominin activity at Oldupai comes from the eastern side of the basin, where the Oldowan record is younger (Leakey, 1971) than the early Oldowan from Kenya and Ethiopia. Recent work (Mercader et al., 2021; Stollhofen et al., 2021), however, has shown that the earliest Oldowan yet known at Oldupai occurs in outcrops from the western side of the gorge (Figure 1B), sometimes comprising multi-stratified, high-resolution sites.



EWASS OLDUPA

The newly reported site of Ewass Oldupa (Mercader et al., 2021), occupied as early as 2.03 Ma, represents the earliest hominin occupation so far identified at Oldupai Gorge. Archeological assemblages were recovered from five trenches, each representing discrete sedimentary environments over a geological package >40 m thick and encompassing five occupation phases (I–V) (Figure 1C).

Phase I corresponds with the earliest geological deposits, in a fluvial context of mafic sands over the extruded Naabi ignimbrite, which gives the assemblage an age of ∼ 2.038 ± 0.005 Ma (Deino, 2012). During this phase, the sedimentary environment is characterized by high-energy volcanics (McHenry et al., 2008); then it stabilized, supporting fluvial systems through the floodplain. Phytolith analysis (Mercader et al., 2021) indicates a pioneering floral context of ferns, facilitating subsequent colonization by other plant groups. No faunal remains were recovered. Phase II is documented within an excavation area of 91 m2. Stratigraphically, it represents the uppermost part of the Coarse Feldspar Crystal Tuff compositional zone (CFCTcz) dated to 2.015 ± 0.006 Ma (Deino, 2012), in a sedimentary environment that precedes the deposition of lowermost Bed I and the earliest paleolake in outcrop, 4.6 m below Tuff IA. Plant waxes, stable isotopes from dental enamel, and phytolith analysis (Mercader et al., 2021) suggest an environment consisting of short woodland mosaics. Phase III is in a sedimentary environment of waxy clays from the earliest expansion of paleolake Oldupai, excavated over 31 m2. This occupation lies 4 m below Tuff IA, dated to ∼ 2 Ma (Deino, 2012). Phytoliths indicate a mixed landscape of woodlands and palms (Mercader et al., 2021). Animal bones represent diverse habitats occupied by Antilopini, Bovini, Hippotragini, and Tragelaphini. In addition, Chelonia and Crocodylus demonstrate the proximity of water bodies and a typical Upper Bed I, lake-margin context.

Phase IV associates with a meandering stream, part of a multistory channel belt stacked 3 m below Tuff IA (∼2 Ma) and excavated over 21 m2. Phytoliths derive from woodlands and grasslands, while fauna comprises bovids, equids, suids, and primates (cf. Theropithecus oswaldi) (Mercader et al., 2021). Chelonia, Crocodylus, and Hippopotamus denote semipermanent water bodies. Lastly, Phase V comprises the youngest Oldowan assemblage at the site, recovered from an excavated area of 42 m2. This phase is sandwiched between Tuffs IB and IC, the latter dating to 1.832 ± 0.003 Ma (Deino, 2012). Environmentally speaking, this occupation corresponds with a transitional phase between woodland mosaics and the steppe habitats above it. No fauna was recovered.

This remarkably diverse paleoenvironmental context, spanning ∼200,000 years, makes Ewass Oldupa an ideal locality to examine questions of technological variability. Therefore, in this study, we present a qualitative and quantitative analysis of these early Oldowan lithic assemblages, offering a diachronic perspective on Oldowan technological change and revealing new aspects of the adaptive behavior of Early Pleistocene hominins.



MATERIALS AND METHODS


Stone Tool Techno-Typological Analysis

Ewass Oldupa’s lithic assemblage includes 565 artifacts excavated in 2018 (n = 28) and 2019 (n = 537). Stone tools were measured following both their maximum morphological dimensions and technological dimensions (based on a minimal rectangle with the platform at the bottom and the dorsal surface upward). We used technological measurements for our analysis. No size cutoff point was applied when analyzing the assemblage. The weights of every artifact were recorded. Raw material was analyzed macroscopically to determine morphology, Munsell color, grain size, texture, gloss, transparency, mineral composition, impurities, postdepositional alterations, and foliation. Archeological assemblage raw material was compared with the reference collection created and curated by the Stone Tools, Diet, and Sociality project in the Tropical Archeology Lab (TAL; Earth Sciences 811, University of Calgary). Descriptive techno-typological analysis of artifacts was conducted in a database built on the Logical Analytical System (SLA) (Carbonell et al., 1983) and then modified comprehensively, adapting to the particularities of Oldowan assemblages (Mosquera et al., 2018). The nomenclature is standard in lithic analysis and broad enough to allow for external comparisons if needed.

We used nine techno-typological categories: (1) Complete flakes: knapping products that present dorsal and ventral surfaces and platform of percussion, no fractures and >20 mm of technological length; (2) Debris: knapping products <20 mm of technological length; (3) Fragmented flakes: knapping products that, while presenting one or more fractures, still preserve dorsal and ventral surfaces and a percussion platform; (4) Flake fragments: knapping products that, while preserving dorsal and ventral surfaces, do not present a platform of percussion due to previous fracture; (5) Cores: volumes managed by a specific knapping method with the purpose of removing flakes, presenting removals on their exploitation surfaces, and impact marks on their percussion surfaces; (6) Core fragments: volumes managed by a specific knapping method with the purpose of removing flakes, presenting removals on their exploitation surfaces, impact marks on their percussion surfaces, and one or more fractures not attributable to the dynamics of the knapping method; (7) Tools: volumes modified by a specific shaping pattern not solely directed toward obtaining flakes. This category refers to tool making from unmodified original blanks; (8) Retouched pieces: knapping products that have been modified postextraction following specific shaping patterns; and (9) Percussive material: blanks presenting an abundance of use wear on their surfaces, indicating pounding activities.

The classifications of fragmented flakes/retouched flakes follow these criteria: (1) Platform cortex: non-cortical, cortical; (2) Platform type: plain, lineal, point-shaped, facetted; (3) Number of platform facets, if present; (4) Platform measurements: length and width; (5) Platform angle: angle between the platform and the ventral surface; (6) Bulb type: pronounced or diffuse; (7) Ventral surface delineation: straight, concave, convex, sinuous; (8) Termination: step, hinge, feather, overtaken; (9) Dorsal cortex: non-cortical, non-cortical dominant over cortical, cortical dominant over non-cortical, complete cortex; (10) Cortex location; (11) Dorsal surface number of scars; (12) Arrangement of scars: unipolar, bipolar, centripetal, transversal, etc., and (13) Edge length in mm (full sum).

The retouched flakes were analyzed adapting the criteria of Laplace’s (1972) analytic typology: (1) Perimeter configuration (%); (2) Retouch orientation regarding the platform; (3) Retouch mode: simple, abrupt, plain; (4) Retouch amplitude regarding the edge; (5) Retouch depth regarding the surface; (6) Retouch direction: direct, inverse, alternate, alternating; (7) Retouch continuity: continuous, discontinuous, notch, denticulate; (8) Edge delineation: straight, concave, convex, sinuous; and (9) Retouched length in mm (complete sum). Each retouched piece was identified with a Primary Type code and then translated to broader public nomenclature.

For cores, we studied several aspects: (1) Faciality: unifacial, bifacial, multifacial; (2) Cortex: non-cortical, non-cortical dominant, cortical dominant, cortical; (3) Qualitative reduction stage: tested, initial, medium, exhausted; (4) Hierarchical surface organization; (5) Product predetermination; (6) Rotation (when possible): bifacial alternating, bifacial alternate, bifacial continuous, bifacial hierarchical; (7) Extraction negatives: unipolar, bipolar, multipolar, centripetal; (8) Angular relationship between percussion platform and removal surface; and (9) Perimeter (%).

We identified seven knapping methods in core exploitation: (1) Multipolar multifacial: core whose volumetric management involves a minimum of four surfaces exploited in at least four different directions; (2) Unipolar longitudinal: a single surface was exploited according to unidirectional schemes; (3) Bifacial orthogonal: knapping of two opposed surfaces unidirectionally; (4) Bifacial centripetal: exploitation of two surfaces separated by a horizontal plane, each with a minimum of three removals following a centripetal scheme; (5) Unifacial centripetal: exploitation of one surface with a minimum of three removals following a directional scheme toward the center of the surface; (6) Bipolar-on-anvil: Technique in which the positioning of the blank is on anvil; and (7) Unifacial bipolar: one single surface was exploited following an opposed bidirectional scheme.

The artifact weathering was recorded on a scale from 0 to 3: 0 = Fresh; 1 = Less than half is eroded; 2 = More than half is eroded; and 3 = Full weathering. Knapping accidents were located following the artifacts technological measurements. Patina was classified from 0 to 3: 0 = No patina; 1 = Less than half presents patina; 2 = More than half presents patina; and 3 = Full patina. Concretion: 0–3, where 0 = No concretion; 1 = Less than half presents concretion; 2 = More than half presents concretion; and 3 = Full concretion.

The software employed for techno-typological descriptive statistics were Excel and PAST (Hammer et al., 2006). The technical schemes on cores were made using Inkscape Open Source Vector Software.



The Volumetric Reconstruction Method: A New Quantitative Approach to the Early Oldowan

The Oldowan stone technology has been surmised as an expedient or least-effort reduction system (Toth, 1985; Isaac, 1997; Schick and Toth, 2006). Yet, until recently, few studies aimed to quantify lifespan and curation history behind core reduction to prove this assumption. Previous studies relied on technological indices from variables like the number of removals on a core, cortex remaining, or average platform angles, among other proxies of reduction intensity (Clarkson, 2013; Douglass et al., 2018). We opted for the Volumetric Reconstruction Method (VRM) (Lombao et al., 2020, 2021), grounded in geometrical formulae specific to quartzite-based assemblages and the three-dimensional shapes under scrutiny. The VRM is specifically designed to examine Oldowan technology, addressing common problems such as the overlapping effect of stone reduction processes (Lombao et al., 2019), while allowing for comparisons among multiple knapping methods. Moreover, the VRM is a holistic method that requires the integration of both core and flake analysis to maximize resolution. The VRM performed quantitative analysis of cores in terms of reduction intensity, according to their knapping method, and their distribution by occupation phase (Phases I–IV, as no cores were recovered in Phase V). We did not try intra-phase comparisons, due to the small sample size for Phases I and IV. We restricted our VRM study to quartzite cores on tabular clasts, which constitutes the largest group (94.9%). Statistical analyses of VRM data were processed with R (R Core Team, 2013). For full details on the VRM method, we refer the reader to its original source (Lombao et al., 2020), summarizing here the application procedure:


•Record mean and median of thickness and platform thickness. Shapiro–Wilk normality tests were conducted to evaluate distribution (Supplementary Tables 1–3).

•Measure core morphological dimensions by its minimal rectangle.

•Identify the number of generations of flake removals that modified the maximum dimension of each product length and width axes. The number of generations involved is called a “correction unit.”

•Apply correction units to length and width. Multiply the number of identified correction units by mean/median of the flake’s platform thickness. To correct the thickness axis, multiply the number of identified flake generations by the mean/median of the flake’s thickness.

•Add these values to core dimensions (Then use these corrected dimensions to apply the ellipsoid volume formula).

•Multiply the original estimated volume by the density of each core. This converted the volume in mass values, resulting in an estimate of original mass.

•Divide the remaining core mass, which signals mass upon discard, by the estimated original mass of the blank prior to knapping; then, multiply the results by 100 to obtain percentages.

•To estimate the percentage of extracted mass, subtract the percentage of remaining mass from 100%.






RESULTS


Assemblage Overview

A comprehensive description of lithics is shown in Table 1, with classification criteria detailed under Methods. Quartzite is the dominant raw material (97.7%), with minor input from ignimbrite (1.6%), gneiss (0.5%), and basalt (0.2%). The quartzite assemblage exhibits different grain sizes along with tabular to subangular morphologies with no evidence of rounded surfaces/cortex, thus indicating primary procurement. Sourcing was determined by geochemistry (Mercader et al., 2021). Quartzite was derived from regional and local inselbergs (Naibor Soit, ∼12 km/Naisiusiu, 0.4 km). Knapping sequences encompass nine techno-typological categories. Cores (n = 59, 10.4%) represent various reduction methods, such as bifacial centripetal (n = 3), unifacial centripetal (n = 4), multipolar multifacial (n = 19), bipolar on anvil (n = 3), unipolar longitudinal (n = 16), unifacial bipolar (n = 1), and bifacial orthogonal (n = 14). Heavy-duty tools consist of 10 quartzite spheroids (1.8%) and two ignimbrite chopper/chopping-tools (0.35%). Retouched pieces were totally six (1.1%); all of them on quartzite: notches (n = 3), side scrapers (n = 2), and a denticulate (n = 1). Complete flakes (>20 mm technological length) (n = 234, 41.4%) are abundant, the majority of which are on quartzite, with only two examples in ignimbrite and gneiss. Debris (<20 mm technological length) (n = 57, 10.1%) is only present in the three phases with the largest accumulation of stone artifacts. Percussive materials are scarce (n = 15, 2.65%), but display the highest raw material diversity.


TABLE 1. Ewass Oldupa lithic distribution by artifact classification, occupation phase, and raw material.
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Techno-Typological Variation Over Time and Across Environments

At Phase I, the excavation (82 m2) exposed 10 artifacts clustered in 7 m2 (Figure 2). All artifacts were made on quartzite, and the material shows little to minimal rounding. Two flakes have metric values of 47.2 × 39.3 × 17.2 mm and 63.8 × 58.1 × 25.5 mm. Their platforms are single facetted with non-cortical dorsal surfaces. The six cores document four knapping methods: unipolar longitudinal, bifacial orthogonal, unifacial centripetal, and multipolar multifacial. The original blanks were tabular clasts. The core metrics and the number of removals per knapping method are given in Supplementary Table 4.
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FIGURE 2. Selection of stone tools from Phase I. (A) Quartzite multipolar multifacial core with technical schemes. (B) Quartzite bifacial orthogonal core with technical schemes. (C) Quartzite unifacial centripetal core with technical schemes. (D,E) Quartzite flakes. Red arrows indicate the directions of flake’s removals.


Phase II is documented within an excavation area of 91 m2. The artifacts (n = 201) (Figure 3) were scattered over 40 m2 and constitute the largest lithic accumulation at the site. The artifacts present little to minimal rounding, with medium to high rounding in 16 pieces (7.9%). The stone tools from this horizon encompass the highest raw material variability with ignimbrite, basalt, and gneiss, albeit quartzite is still prevalent (95.5%). Complete flakes are the most common product. Most are in quartzite, with only one example of a flake made of gneiss. The average dimensions of flakes and SDs are 34 ± 13.5 × 32 ± 14 × 14 ± 6.5 mm. The platform average dimensions and SDs are 21.1 ± 11.4 × 11.6 ± 6.2 mm. The platforms are mainly single facetted (85.8%), with some bi-facetted (9.5%) and cortical examples (4.7%). The flakes present mainly non-cortical dorsal surfaces (78.5%), with other categories being rare and including slight cortex (6.3%), cortical dominance (7.6%), and fully cortical (7.6%). Dorsal surfaces support 0 - 6 scars (X = 2.4), derived from unipolar, bipolar, and centripetal extractions. Debris is exclusively on quartzite and relatively scarce. Fragmented flakes present almost exclusively lateral fractures, with evidence of two pieces with longitudinal fractures. Retouched flakes are scarce: three quartzite pieces (1.5%) supporting a notch, a side scraper, and a denticulate, measuring 63.5 × 61.4 × 23.7 mm, 47.0 × 40.4 × 26.2 mm, and 31.3 × 55.8 × 15.8 mm, respectively. Perimeter configuration is scarce; retouch is not extensive in any piece. It covers 20 mm in the notch, 34 mm on the side scraper, and 38 mm in the denticulate. The three pieces present retouch coming from the ventral surface toward the dorsal one, with ∼ 90-degree angles. With respect to cores, quartzite is the preferred knapping material, with only one core in ignimbrite. The original blanks were tabular clasts, other than two cores on flakes. Most cores are non-cortical (82.2%), while a low proportion of cores have slight cortical cover (10.7%) or are dominated by cortex (7.1%). Five knapping methods were identified: (1) multipolar multifacial, unipolar longitudinal, bifacial orthogonal, bipolar on anvil, and bifacial centripetal. The core metrics and number of removals per knapping method are in given Supplementary Table 5. Phase II is the richest in classic Oldowan tools, including eight quartzite spheroids and heavy-duty tools represented by two ignimbrite chopper/chopping tools. Technologically, these two artifacts represent unifacial and bifacial reduction strategies. However, the convexity of their edges and the angular relationship between their surfaces are more acute in comparison to cores sharing the same type of reduction schemes. These observations, along with the very low number of ignimbrite flakes in the assemblage, suggest that these artifacts result from tool configuration, not just core exploitation. Phase II has the highest number of percussive materials. This includes eight hammerstones and four pounding fragments, mostly in quartzite along with two ignimbrite implements, one in gneiss, plus the only basalt artifact we retrieved. Hammerstones average dimensions and SDs are 94.7 ± 31.3 mm × 75.9 ± 31.9 mm × 58.7 ± 26.6 mm. Percussion marks are systematically present on the rounded ends of the hammerstones. Three of the pounding fragments present lateral fractures, with the remaining presenting multiple fractures.
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FIGURE 3. Selection of stone tools from Phase II. (A) Ignimbrite chopping tool with technical schemes. (B) Ignimbrite chopper with technical schemes. (C) Quartzite unipolar longitudinal core with technical schemes. (D) Quartzite multipolar multifacial core with technical schemes. (E) Quartzite unifacial centripetal core with technical schemes. (F,G) Quartzite flakes. (H) Basalt percussive material. Detail shows impact marks on the surface. Red arrows indicate the directions of flake’s removals.


The excavation at Phase III retrieved 188 artifacts (Figure 4), the second richest stone tool assemblage at the site. The assemblage is almost exclusively composed of quartzite artifacts (97.9%). Most materials are fresh (64.4%), with the rest presenting minimal rounding. Complete flakes are dominant. Most of them are made on quartzite, with one flake in ignimbrite. Flake average dimensions and SDs are 34.8 ± 12.8 mm × 31.7 ± 11.5 mm × 14.2 ± 5.8 mm. Platforms average dimensions and SDs are 19.1 ± 8.7 mm × 10.5 ± 5.2 mm. As in Phase II, single-facetted platforms are common (80.5%), along cortical (17.8%) and bi-facetted ones (1.7%). The flakes present mainly non-cortical dorsal surfaces (73.7%), with fewer examples of slight cortex cover (6.6%) and complete cortical surfaces (19.7%). Dorsal surfaces range from 0 to 6 scars (X = 1.7), involving unipolar, bipolar, and centripetal reduction. The number of knapping debris is the highest of all phases. Fragmented flakes exhibit lateral, distal, and longitudinal fractures in equal proportions. Retouched flakes are scarce, with only two examples having notches, measuring 48.1 × 29.2 × 14.2 mm and 59.8 × 51 × 24.5 mm. Perimeter configuration amounts to 22 and 29 mm. In both cases, retouch comes from the ventral surface toward the dorsal one, in ∼ 90-degree angles. The second largest core sample came from Phase III. Quartzite is the dominant raw material, with just two specimens in ignimbrite. Three quarters of the cores were on tabular clasts, while the remainder was on flakes. The core metrics and number of removals per knapping method are given in Supplementary Table 6. Most of the cores (65%) present non-cortical surfaces, with lower proportions of slight cortical presence (20%) and cortical dominance (15%). The knapping methods identified in Phase III are multipolar multifacial, unipolar longitudinal, bifacial orthogonal, bifacial centripetal, unifacial centripetal, and unifacial bipolar. Heavy-duty tools consist of two quartzite spheroids. These percussion implements are hammerstones in quartzite and ignimbrite, measuring 73.3 × 51.5 × 37.8 mm and 70.7 × 68.8 × 67.2 mm, respectively. Percussion marks concentrate on the rounded ends of both pieces. There is one instance of utilization of an artifact as both bifacial orthogonal core and percussive material.
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FIGURE 4. Selection of stone tools from Phase III. (A) Quartzite bifacial orthogonal core with technical schemes. Detail shows impact marks on the surface. (B) Quartzite multipolar multifacial core with technical schemes. (C) Quartzite unifacial centripetal core with technical schemes. (D) Quartzite spheroid. (E–H) Quartzite flakes. Red arrows indicate the directions of flake’s removals.


At Phase IV, we recovered 151 stone tools (Figure 5). The assemblage is entirely made in quartzite. Most of the material presents no rounding (74.8%), with a minority being slightly rounded, and only two artifacts presenting heavy rounding. Complete flakes are the most common product. The flakes average dimensions and SDs are 30 ± 8.1 mm × 25.6 ± 7.2 mm × 12.1 ± 4.1 mm. Platforms average dimensions and SDs are 15.8 ± 6.9 mm × 9.2 ± 4.1 mm. Single-facetted platforms are dominant (78.5%), followed by bi-facetted (15.4%) and cortical platforms (6.1%). The flakes exhibit high proportions of non-cortical dorsal surfaces (83.1%), with lower proportions of slight cortex (12.3%) and complete cortical surfaces (4.6%). Scars on dorsal surfaces range from 0 to 4 (X = 2.1), involving unipolar, bipolar, and centripetal extractions. There are 23 debris fragments. As in previous phases, fragmented flakes present lateral (19%), distal (47.6%), and longitudinal (33.3%) fractures. No retouched flakes were recovered in Phase IV. The number of cores is low, and each core represents a different knapping method: multipolar multifacial, unipolar longitudinal, bifacial orthogonal, bifacial centripetal, and bipolar on anvil. The core metrics and number of removals per knapping method are given in Supplementary Table 7. All cores were on quartzite. Four of them occurred on tabular clasts, except for one (bifacial orthogonal) on flake. Percussive implements are limited to one quartzite hammerstone, measuring 87.8 × 57.3 × 47.9 mm.
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FIGURE 5. Selection of stone tools from Phase IV. (A) Quartzite bifacial orthogonal core with technical schemes. (B) Quartzite multipolar multifacial core with technical schemes. (C–F) Quartzite flakes. (G) Quartzite unipolar longitudinal core with technical schemes. Red arrows indicate the directions of flake’s removals.


The stone tool assemblage of Phase V was scattered within 9 m2. The artifacts are limited to 15 quartzite lithics. The artifacts present no signs of erosion. Complete flakes are dominant, with average dimensions and SDs of 32 ± 9.5 mm × 29.5 ± 8 mm × 12.5 ± 3 mm. Platform average dimensions and SDs are 17.2 ± 9.7 mm × 8.8 ± 4.1 mm. The platforms are mostly single-facetted, with two examples of cortical platforms and one of bi-facetted platform. The flakes have non-cortical dorsal surfaces almost exclusively, except for two cortical flakes. Dorsal surfaces record scars ranging from 1 to 7 scars (X = 2.4), involving unipolar and centripetal reduction. No debris was recovered from this phase. Retouched flakes include one side scraper preserving dorsal cortex and measuring 50 × 39.8 × 14.2 mm. Perimeter configuration amounts to 64 mm. Retouch is inverse, from the dorsal surface toward the ventral one, and ∼ 90° angle.



The Volumetric Reconstruction Method

At Ewass Oldupa, the VRM shows that both blank size and extracted mass are constant throughout the assemblage (Supplementary Tables 8–11). Most cores fall along a similar continuum: 200–1,400 g (Figure 6A). At face value, the mass removed from the cores (Figure 6B) seems widely variable, with cores in Phases II - III having ∼ 20% – ∼ 80% of their mass removed. Kolmogorov–Smirnov tests, however, show no significant differences in distribution [K-S (p) > 0.05] (Supplementary Tables 12, 13).


[image: image]

FIGURE 6. Quantitative results obtained through the Volumetric Reconstruction Method (VRM). (A) Boxplot and jitter plot of Estimated Original Mass (in grams) of cores according to Phase. (B) Histogram of estimated percentage of extracted mass (%) of cores according to occupation Phases. (C) Boxplot and jitter plot of estimated original mass (in grams) of cores according to knapping method. (D) Boxplot jitter plot of estimated percentage of extracted mass (%) of cores according to knapping method. In (A,C,D), the horizontal bars in the box represent the median. The box covers 50% of the central values, from the 1st (lower edge of the box) to the 3rd quartile (upper edge of the box). Upper whisker length represents data that are not 1.5 times greater than the third quartile. Lower whisker length represents data that are not less than 1.5 times the first quartile. Points represent values 1.5 greater or less than the 75th or 25th, respectively.


The larger blanks underwent multipolar multifacial reduction (n = 18; Median = 671.8 g). The smaller blanks used either bifacial orthogonal (n = 10; Median = 305.2 g) or bifacial centripetal (n = 2; Median = 459.8 g) methods, and especially, bipolar-on-anvil (n = 2; Median = 312.2 g) (Supplementary Table 14). Multipolar multifacial cores also show higher variability in original mass (Figure 6C), with statistically significant differences for bifacial orthogonal versus multipolar multifacial, as well as bifacial orthogonal versus unipolar longitudinal (Table 2).


TABLE 2. Upper triangle: Mann–Whitney pairwise tests (p) comparing the Estimated Original Mass (EOM) between knapping strategy; Lower triangle: Mann–Whitney pairwise tests (p) comparing the Estimated Percentage of Extracted Mass (EPEM) between knapping strategy.
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Our estimates of extracted mass per knapping method (Figure 6D) show that unifacial longitudinal cores are the most highly variable at the time of discard: 20–80% reduction intensity (Supplementary Table 15). In contrast, multipolar multifacial cores (n = 18; Median = 72.6%) and bifacial centripetal cores (n = 2; Median = 67.8%) are both heavily reduced, but not exhausted. Mann-Whitney pairwise testing demonstrates that these differences are statistically significant on their central values (Table 2), with larger values for multifacial multipolar than for unifacial longitudinal, bifacial orthogonal, and bipolar-on-anvil.




DISCUSSION

The stone tool assemblages from the western Pleistocene basin at Oldupai Gorge (Habermann et al., 2016; Mercader et al., 2021; Stollhofen et al., 2021) constitute the earliest record in the outcrop of hominin presence in the area. Ewass Oldupa is one of a few multi-stratified, high-resolution records of the Early Oldowan and the Early Pleistocene, underscoring ecological pioneering behavior, that is, the first occupation of a territory after a catastrophic event, and displaying a stable technological record amid changing environments. Hominins utilized recurrent technological strategies throughout the sequence, denoting consistent land-use patterns, raw material sourcing, and lithic manufacturing over the course of ∼200,000 years. This behavioral adaptation manifest itself in two ways.

First, in every phase, lithic technology was produced mostly on quartzite, with other materials being less frequent. Macroscopic and petrographic data, compared to published reference collections (Favreau et al., 2020; Soto et al., 2020a,b), determined that the most likely sources for the raw materials employed at Ewass Oldupa were the outcrops of Naisiusiu, Naibor Soit, Endonyo Osunyai, and/or Oittii. However, chemical characterization and Linear Discriminant Analysis of Oldowan materials showed that up to three-quarters of the quartzite came from Naibor Soit, while strictly local rock from Naisiusiu was less commonly employed (Mercader et al., 2021). This is an interesting behavioral feature, as Naibor Soit is located ∼ 12 km away from Ewass Oldupa, supporting the view that differential raw material transport and management was a key characteristic already present in the early Oldowan and sustained through time (Stout et al., 2005; Negash et al., 2006; Braun et al., 2008b; Harmand, 2009; Goldman-Neuman and Hovers, 2012). In contrast, younger Oldowan sites from the eastern basin, such as at Douglas Korongo (DK), reveal a focus on volcanic rocks (Leakey, 1971; Ludwig, 1999; Kimura, 2002; Mora and de la Torre, 2005; Sánchez-Yustos, 2021).

Second, the lithic production consistently relied on the same knapping methods, with three of them (multipolar multifacial, unipolar longitudinal, and bifacial orthogonal) recurrently appearing in four phases. Centripetal knapping strategies came about throughout the sequence. Bipolar-on-anvil knapping is present, but in marginal proportions. The platform preparation was minimal, with single-facetted platforms prevailing and demonstrating that hominins pursued the extraction of flakes as the main goal of core reduction. Retouched flakes are scarce. Classic heavy-duty/chopping tools, such as those from the eastern basin (Leakey, 1971), are uncommon in the west (Habermann et al., 2016; Stollhofen et al., 2021).

The lithic record from Ewass Oldupa shares many commonalities with other Oldowan assemblages (Leakey, 1971; Toth, 1985; Isaac, 1997; Semaw et al., 1997; Semaw, 2000; de la Torre, 2004; Delagnes and Roche, 2005; Schick and Toth, 2006; Barsky et al., 2011; Braun et al., 2019; Reeves et al., 2021; Stollhofen et al., 2021). Overall, there is a preference for unmodified flakes, along with unifacial, bifacial, and multifacial cores exploited unidirectionally, bidirectionally, and multidirectionally. Retouch is infrequent. This set of technological features is displayed throughout Oldowan assemblages since its very origin. Thus, our data support recent analyses suggesting that Oldowan stone technology exhibits limited temporal variation (Braun et al., 2019; Mercader et al., 2021). Assemblage differences among distinct archeological sites seem to be based on relative artifact frequency, not on the types themselves.

In this article, we deployed a quantitative approach to lithic analysis known as VRM (Lombao et al., 2020, 2021), which facilitates inter-assemblage comparability using geometric principles and is potentially applicable to any lithic assemblage regardless of context and techno-typological affiliation. Given the qualitative nature of conventional techno-typological analysis, we argue in this study for a quantitative approach to interpret lithic assemblages (Diez-Martín et al., 2010; de la Torre et al., 2021). This aims to overcome the lack of shared analysis nomenclature, compensating for the abovementioned conflicting classification criteria derived from the overreliance on typology that sometimes drives traditional approaches to the Oldowan, as pointed out by several authors (de la Torre, 2004; Delagnes and Roche, 2005; Braun et al., 2008a).

At Ewass Oldupa, raw material provenance and techno-typology indicate recurrent technological strategies during the early Oldowan, from knapping methods to artifact types. The VRM findings do point toward consistent blank size selection over time (i.e., larger blanks were systematically procured to support multipolar multifacial exploitation). This correlation between blank size and knapping method indicates that hominins were most likely adapting their tool kit to the size, shape, and quality constraints encountered in raw materials. The core reduction schemes were stable over time. Intensity of stone reduction was manifest. The VRM results demonstrate that the selected knapping methods were effective when intensively reducing a large variety of original morphologies. In addition, similar findings come from Kanjera South (Douglass et al., 2018; Reeves et al., 2021), where the lack of cores abandoned during initial reduction stage (0–20%) is notable. This might be due to transport distance: blank testing was performed in the primary capitation source with blanks arriving at the site already partially reduced.

At the same time, the Oldowan technological recurrence could also indicate some limitations in technical capability. The continuous adaptation of knapping methods to raw material characteristics might indicate incapacity to impose blank preparation, hierarchical reduction, and control of expected outcomes regardless of the natural constrains of the rocks, a feature later seen in Acheulean assemblages (Sánchez-Yustos, 2021). In spite of the shared operative (Cueva-Temprana et al., 2019) and artifactual (Gallotti and Mussi, 2015; Sánchez-Yustos et al., 2018) bases suggestive of a “gradual transition” (Duke et al., 2021; Sánchez-Yustos, 2021) from the Oldowan to the Acheulean, it has been said (Faisal et al., 2010; Stout et al., 2015) that distinct biological and neurological systems separate them (Isaac, 1969; Wynn, 1989; Sánchez-Yustos, 2021).

This becomes especially relevant when considering the authorship of the Oldowan technology, which remains a puzzling question. Based on the moment of its appearance and its geographical dispersal, it is difficult to relate the Oldowan with an individual species. At Oldupai Gorge, a minimum of two, Paranthropus boisei (Leakey, 1971) and Homo habilis (Leakey, 1971; Blumenschine et al., 2003; Stanistreet et al., 2018; de la Torre et al., 2021) inhabited the basin penecontemporaneously. In fact, some authors have even posited that the often-mentioned “stasis” in Oldowan toolmaking roughly parallels the evolutionary trajectory of one of these species: Paranthropus boisei (Semaw et al., 1997; Wood, 1997). However, this discussion is applicable not only to Oldupai Gorge, but also to the whole Oldowan world. Similar scenarios occur in earlier Oldowan sites, such as in the Hatayae Member of The Bouri Formation, where the alleged 2.5 Ma cut marks are contemporaneous with the presence of Australopithecus garhi (de Heinzelin et al., 1999; Sahle et al., 2017). Recently, it has been argued (Tennie et al., 2017) that the Oldowan might be an example of the so called “latent solutions,” that is, behavioral traits susceptible to appear and disperse without the influence of high-fidelity social learning. One implication of this could be that Oldowan technology possesses a relatively reduced technical complexity that renders possible independent, temporal and geographical, appearances. If this were the case, the Oldowan would be susceptible to have appeared multiple times and among several hominin species. Moreover, the fact that Oldowan technology remains virtually unchanged for more than a million years supports the “latent solution” idea, as it is unlikely to develop technological innovations while relying on limited forms of social transmission (Morgan et al., 2015; Snyder et al., 2021).

In summary, our work has shown that Oldowan hominins at Ewass Oldupa lived through drastic environmental change without a concomitant transformation of their stone technology at times of ecological upheaval, whether this could be postvolcanic landscapes 2.03 Ma, woodland/grassland mosaics during lake transgression 1.9 Ma, open woodlands 1.85 Ma, or steppe biomes (Mercader et al., 2021). This diachronic outlook, along with technological characteristics shared by multiple stone tool assemblages across the Old World, suggests that the Oldowan itself constitutes a versatile adaptive trait, requiring no more than minor technological adjustments to effectively satisfy hominin ecological demands throughout different types of environments.
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