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            Abstract
The evidence for macroscopic life during the Palaeoproterozoic era (2.5–1.6 Gyr ago) is controversial1,2,3,4,5. Except for the nearly 2-Gyr–old coil-shaped fossil Grypania spiralis6,7, which may have been eukaryotic, evidence for morphological and taxonomic biodiversification of macroorganisms only occurs towards the beginning of the Mesoproterozoic era (1.6–1.0 Gyr)8. Here we report the discovery of centimetre-sized structures from the 2.1-Gyr-old black shales of the Palaeoproterozoic Francevillian B Formation in Gabon, which we interpret as highly organized and spatially discrete populations of colonial organisms. The structures are up to 12 cm in size and have characteristic shapes, with a simple but distinct ground pattern of flexible sheets and, usually, a permeating radial fabric. Geochemical analyses suggest that the sediments were deposited under an oxygenated water column. Carbon and sulphur isotopic data indicate that the structures were distinct biogenic objects, fossilized by pyritization early in the formation of the rock. The growth patterns deduced from the fossil morphologies suggest that the organisms showed cell-to-cell signalling and coordinated responses, as is commonly associated with multicellular organization9. The Gabon fossils, occurring after the 2.45–2.32-Gyr increase in atmospheric oxygen concentration10, may be seen as ancient representatives of multicellular life, which expanded so rapidly 1.5 Gyr later, in the Cambrian explosion.
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                    Figure 1: 
                        Simplified geological map of Gabon.
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Figure 2: 
                        Examples of black shale bedding surfaces.
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Figure 3: 
                        In situ
                         macrofossil specimen from the FB2 Formation.
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Figure 4: 
                        Micro-CT-based reconstructions and virtual sections of four specimens from the FB2 macrofossil record of Gabon.
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Figure 5: 
                        Section through specimen G-FB2-f-mst4.3.
                      [image: ]
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        Editorial Summary
Early multicellular life
A series of well preserved centimetre-scale fossils in an extended fossiliferous level within black shales near Franceville, in Gabon, West Africa, provides a glimpse of perhaps the earliest form of multicellular life so far discovered. Evidence for multicellular life before the Mesoproterozoic era (1.6–1.0 billion years ago) is scarce and controversial. These new finds are from sediments dated at 2.1 billion years old, not long after the rise in atmospheric oxygen concentration and about a billion and a half years before the rapid expansion in multicellular life forms known as the 'Cambrian explosion'. The fossils are variously sized and shaped remains of well-structured soft-bodied organisms, some exhibiting wrinkles suggestive of flexible sheet-like structures. Their shape and regular fabric indicate a multicellular degree of organization. These fossils may represent the earliest evidence so far reported for cell-to-cell signalling and coordinated growth behaviour on the scale of macroorganisms.
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