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            Abstract
Abstract and depictive representations produced by drawing—known from Europe, Africa and Southeast Asia after 40,000 years ago—are a prime indicator of modern cognition and behaviour1. Here we report a cross-hatched pattern drawn with an ochre crayon on a ground silcrete flake recovered from approximately 73,000-year-old Middle Stone Age levels at Blombos Cave, South Africa. Our microscopic and chemical analyses of the pattern confirm that red ochre pigment was intentionally applied to the flake with an ochre crayon. The object comes from a level associated with stone tools of the Still Bay techno-complex that has previously yielded shell beads, cross-hatched engravings on ochre pieces and a variety of innovative technologies2,3,4,5. This notable discovery pre-dates the earliest previously known abstract and figurative drawings by at least 30,000 years. This drawing demonstrates the ability of early Homo sapiens in southern Africa to produce graphic designs on various media using different techniques.
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                    Fig. 1: Stratigraphy of the south section of Blombos Cave.[image: ]


Fig. 2: Image of the Blombos Cave silcrete flake L13 displaying the drawn lines that form a cross-hatched pattern.[image: ]


Fig. 3: Renditions of L13.[image: ]


Fig. 4: Close-up views of the drawn lines on the L13 surface.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Microscopic examination and chemical analyses of the juxtaposed patches of red deposit that form the drawn lines on L13 and the smoothed surface of the silcrete flake.
The lines consist mainly of fine-grained iron oxide (Fe), that were applied to the surface, as no haematite occur naturally in the silcrete raw material of L13. A, Photographs (left) and SEM–EDS images (right) of the red lines of the surface of L13. In the subpanels of A, images in a, b show lines 2 and 3; c, d show lines 5, 8 and 9; and e, f show lines 6 and 9 and red spots on a flake scar. The white rectangles in a, c and e indicate the areas that are enlarged in subpanels b, d and f, respectively. Notice the white appearance of the lines in the back-scattered electrons SEM–EDS images due to the presence of iron rich deposits. B, SEM–EDS images (back-scattered electrons) of line 2 and 5. Subpanels a–c show line 2; d–f show line 5. White squares indicate areas that are enlarged in the image with the corresponding letter. The rectangles and black/white circles in subpanels c, f show differences in elemental composition between the drawn lines (light areas) and the silcrete surface (dark areas). C, Raman analysis of line 4. Subpanel a shows a photograph with the location of the analysed area (white rectangle). Subpanel b shows the analysed spots and identified minerals. Subpanel c shows Raman spectra and micrographs of the analysed areas with peaks identifying haematite (red numbers) and quartz (black numbers).


Extended Data Fig. 2 Microscopic examination and chemical analyses of microresidues.
The microresidues on the smoothed silcrete surface outside of the lines differ in Fe content from the red lines, which—along with the presence of microstriations—supports the theory that the silcrete flake was part of an ochre grindstone before the drawing was made. A, Photographs and micrographs of the lines drawn on L13. Black squares in subpanels a, c, e indicate the areas enlarged in the adjacent subpanels b, d, f. Red residues are clearly visible on the matrix and on quartz grains. f, Black lines highlight superficial randomly oriented striations. B, SEM–EDS analysis of the silcrete outside the drawn lines. In subpanels a, c, d, black and white squares indicate the areas enlarged in the adjacent photograph. In subpanels e, f, the analysed spots (black squares and circles) identify the presence of isolated iron-rich particles on the surface of the matrix and the quartz grains. C, Raman analysis of microresidues preserved in quartz grain pits. Subpanel a shows a photograph with the location of the analysed area (white rectangle). Subpanel b shows analysed spots (white squares) and identified minerals. Subpanel c shows Raman spectra and micrographs of the analysed areas, with peaks identifying haematite (red numbers) and quartz (black numbers). The area shown in subpanel b of panel C  is the same as the area shown in subpanel b of panel B.


Extended Data Fig. 3 Results from experimental marking of silcrete surfaces with ochre paint of varying viscosities and with an ochre crayon, and subsequent rinsing.
A, Micrographs of experimentally painted lines before and after rinsing. Subpanels a–c show lines produced by applying a liquid (a), viscous (b) and very viscous (c) paint with a thin wooden brush on a silcrete surface. Subpanels d–f show the three-dimensional rendering of the same lines showing the surface topography. Subpanels g–i show the same lines after gently rinsing the surface of the silcrete under running tap water. B, Lines produced experimentally on a silcrete flake with an ochre crayon. Subpanel a shows a single-stroke line drawn from the top to the bottom. Subpanels b, c show close-up views and three-dimensional renderings (subpanels d, e) of selected areas of subpanel a. Subpanels h, i show a photograph (h) and three-dimensional rendering (i) of a single-stroke line produced from the top to the bottom after gently rinsing the silcrete flake under running tap water. Subpanels f, g and j are depth maps and sections of b, c and a selected area of h, respectively. The locations of the sections are indicated on the depth maps by white bars. White arrows indicate deposits of powdery ochre preserved in recesses, and larger yellow arrows indicate prominent areas with compacted ochre deposits covered by striations. Compacted patches of ochre covered by striations and small deposits of ochre powder in recesses are preserved after the rinsing; these features and lines are similar to those on L13 (Fig. 4).


Extended Data Fig. 4 Lines produced experimentally on silcrete flakes.
These images show that, as it is difficult to exactly superimpose a new line on a previous one, superimposing a line on a previous line generally results in a wider line. Unidirectional, superimposed lines retain the same features observed on a single-stroke line. Multiple lines produced by a to-and-fro movement of the ochre edge show microscopic evidence that the crayon was moved in both directions. a, Straight single- (left) and five-stroke line (right) produced from the top to the bottom. b, Curved single- (left) and five-stroke line (right) produced from top left to the bottom right. c, Straight single- (left) and five-stroke line (right) produced by a to-and-fro motion. The lines in this figure were not rinsed with water.


Extended Data Fig. 5 Experimental marking of silcrete flakes with a variety of ochre crayons.
The morphology of lines will depend on the properties and composition of the ochre, the roughness of the silcrete surface, the pressure exerted and the morphology of the ochre area in contact with the silcrete. In general, soft, plastic, clayish ochre will produce thicker and more continuous lines than silty or sand-rich ochre. Lines on fine-grained silcrete will be better defined than those on coarse silcrete. Stronger pressure will produce comparatively wider, thicker and better defined lines. Six lines made with each of eight unmodified ochre crayons had a maximum width ranging from about 0.9 to 3.3 mm. Lines produced with a pointed ochre crayon tend to be wider and more variable in width than those made with a linear edge. The width of lines made with a linear edge is strongly correlated with the maximum width of the facets on the ochre piece. By contrast, no correlation is observed between the lines made with pointed crayons and the maximum width of the facets on the crayon. The width of the lines on the drawn cross-hatching present on L13 is comparable with that of the experimental lines. The range (1.8–2.9 mm) of this width best fits the width variability observed when marking the silcrete with a pointed crayon rather than an edge. This indicates that a pointed ochre crayon was used to produce the cross-hatching and that the facet of the crayon in contact with the silcrete was about 1.3–2.9 mm wide. A, Correlation between the width of lines and the width of the resulting facets on eight experimental ochre crayons. Subpanel a shows results from crayons with pointed active areas. Subpanel b shows results from crayons with linear active areas. The grey bars indicate the width of lines on L13. B, Wear facet appearing on the natural surface of an ochre crayon after a single stroke (subpanel a) and five strokes (subpanel b).


Extended Data Fig. 6 Three-dimensional rendering of microscopic areas of L13 and silcrete flakes from BBC.
Three-dimensional rendering shows flattening of the surface of L13 with the drawing, dissolution of the matrix between quartz grains on the cortex of the BBC silcrete flakes and an unworn appearance of the other surfaces of L13 and the ventral aspect of the BBC silcrete flakes. A, Roughness analysis of L13 and MSA silcrete flakes from BBC. Subpanels a–d show three-dimensional renderings of a selected area of the surface of L13 with the drawing (a), other surfaces of L13 (b), knapped (c) and cortical (d) surfaces of BBC silcrete flakes. Subpanel e shows box plots of the variation of roughness variables Sq and Sdr, and a bi-plot correlating these two variables. Notice the high degree of smoothness of the surface of L13 with the drawing relative to the other surfaces. A Kruskall–Wallis multiple comparison test demonstrates that Sq, Sdr and Spc on the surface with the drawing are significantly lower (P < 0.01) than those measured on the remainder of the analysed surfaces of L13. B, Areal fractal analysis confirms a clear difference in roughness between the surface with the drawing and other surfaces of L13. This is consistent with the interpretation of the wear on the surface with the drawing as being produced by grinding activities before the drawing occurred. C, Analysis of L13 with confocal microscopy. Rectangles indicate the locations of the analysed areas on the surface with the drawing (red) and on the other surfaces (green). Letters distinguish analyses conducted with areal fractal analysis on the surface with the drawing (a), a flake scar on the surface with the drawing (b), a flake scar on the dorsal surface (c) from analyses made on the dorsal (d) and ventral surfaces (e).


Extended Data Fig. 7 Ochre and silcrete used in the replication experiments.
a, Pieces of ochre used experimentally to produce lines on silcrete flakes. b, Silcrete flakes used during the experiments.
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