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            Abstract
The Palaeoarchean supracrustal belts in Greenland contain Earthâ€™s oldest rocks and are a prime target in the search for the earliest evidence of life on Earth. However, metamorphism has largely obliterated original rock textures and compositions, posing a challenge to the preservation of biological signatures. A recent study of 3,700-million-year-old rocks of the Isua supracrustal belt in Greenland described a rare zone in which low deformation and a closed metamorphic system allowed preservation of primary sedimentary features, including putative conical and domical stromatolites1 (laminated accretionary structures formed by microbially mediated sedimentation). The morphology, layering, mineralogy, chemistry and geological context of the structures were attributed to the formation of microbial mats in a shallow marine environment by 3,700 million years ago, at the start of Earthâ€™s rock record. Here we report new research that shows a non-biological, post-depositional origin for the structures. Three-dimensional analysis of the morphology and orientation of the structures within the context of host rock fabrics, combined with texture-specific analyses of major and trace element chemistry, show that the â€˜stromatolitesâ€™ are more plausibly interpreted as part of an assemblage of deformation structures formed in carbonate-altered metasediments long after burial. The investigation of the structures of the Isua supracrustal belt serves as a cautionary tale in the search for signs of past life on Mars, highlighting the importance of three-dimensional, integrated analysis of morphology, rock fabrics and geochemistry at appropriate scales.
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                    Fig. 1: Putative stromatolites of Greenland.[image: ]


Fig. 2: Relative abundance of REEÂ +Â Y for different components of the Isua rock samples.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Satellite image showing the approximate outline and location of the Isua Structural Belt and the study area.
The satellite image of the study area. The image was obtained from Google Maps.


Extended Data Fig. 2 Putative stromatolites of the ISB at site A.
Yellow arrows point to triangular shapes with apices mostly pointing down relative to layering. Note, the stratigraphy was inverted, as the layers have been overturned1. Each of the triangles is approximately 4Â cm across. The blue box shows the approximate outline of the sample acquired for the present study. The yellow box shows the area shown in Fig.Â 1.


Extended Data Fig. 3 Breccia at site C.
a, Close-up view of breccia, from the previous study1. Ch, chert; dol, dolomite. b, Larger field of view showing the same breccia block as in a, showing the location of the elongated rod-like fabric (rodding) on the upper right side of the rock. c, Top view of the breccia-containing block from aâ€”note the contrasting appearance of the rock fabric.


Extended Data Fig. 4 Photographs of details from the deformation fabrics of site A.
The photographs show details of the observed deformation fabrics on the cut and polished faces of all three pieces of the columnar sample that we collected from site A. Each piece was cut to show rock fabrics on orthogonal faces. a, Largest piece, which includes one of the â€˜stromatolitesâ€™ on the right face. Note contrasting fabrics on adjacent faces. bâ€“e, Additional pieces of the rock sample, showing further examples of the contrasting rock fabrics. Green arrows on all images indicate the orientation of the spaced cleavage.


Extended Data Fig. 5 Petrographic context of samples that were digested for REEÂ +Â Y analyses.
a, Slab sample before cutting. b, Slab sample after cutting. â€˜Mâ€™ denotes the subsample from which analyses â€˜M3Mâ€™ and â€˜M3Câ€™ were derived. â€˜Câ€™ denotes the subsample from which analyses â€˜C3Mâ€™ and â€˜C3Câ€™ were derived. Scale bar, 10Â mm.


Extended Data Fig. 6 Synchrotron XRF element maps of the ISB sample.
The distribution of trace elements relative to minerals is shown. a, Photograph of the sample. White squares show map locations. Scale bar, 10Â mm. b, Distribution and X-ray intensity of detected elements for map 1. c, Distribution and X-ray intensity of detected elements for map 2. b, c, X-ray intensity variations were used to colour the element maps. Blue, zero X-ray intensity; red, maximum X-ray intensity. X-ray intensity ranges (counts per second (cps)) are shown beneath each map. All maps are for K-shell X-rays except for Ba, which was detected using L-shell X-rays.


Extended Data Table 1 REEÂ +Â Y concentrations (p.p.m.) from acid digestion and ICP-MS analysisFull size table





Supplementary information
Supplementary Information
This file contains Supplementary Text: Interpretation of synchrotron micro-XRF element map data and Supplementary Table 1: Key evidence presented in support of biogenic interpretation of stromatolites in the 3,450 Ma Strelley Pool Formation.
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