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            Abstract
Large meteorite impact structures on the terrestrial bodies of the Solar System contain pronounced topographic rings, which emerged from uplifted target (crustal) rocks within minutes of impact. To flow rapidly over large distances, these target rocks must have weakened drastically, but they subsequently regained sufficient strength to build and sustain topographic rings. The mechanisms of rock deformation that accomplish such extreme change in mechanical behaviour during cratering are largely unknown and have been debated for decades. Recent drilling of the approximately 200-km-diameter Chicxulub impact structure in Mexico has produced a record of brittle and viscous deformation within its peak-ring rocks. Here we show how catastrophic rock weakening upon impact is followed by an increase in rock strength that culminated in the formation of the peak ring during cratering. The observations point to quasi-continuous rock flow and hence acoustic fluidization as the dominant physical process controlling initial cratering, followed by increasingly localized faulting.
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                    Fig. 1: Typical impact structures on the Moon (http://quickmap.lroc.asu.edu) and the geophysical characteristics of the Chicxulub impact structure.[image: ]


Fig. 2: Modelled formation of the Chicxulub impact structure.[image: ]


Fig. 3: Spatial distribution of major lithological units and deformation structures in target rock of M0077A drill core.[image: ]


Fig. 4: Deformation structures in target rock at site M0077A.[image: ]


Fig. 5: Images illustrating rock types found between 1,220 and 1,316 m.b.s.f.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Lower-hemisphere, equal-area diagrams showing poles to pre-impact aplite, diabase and pegmatite sheet intrusions.
N, north. n, number of dykes.

                          Source data
                        


Extended Data Fig. 2 Diagram showing pressure versus time as recorded by 100 Lagrangian tracer particles in the peak-ring rocks.
(See Supplementary Video for location of tracer particles). Grey circles show the pressure of each tracer particle at time intervals of 2 s. The black solid line shows average pressure (all tracer particles). We note the elevated pressures between T = 100 s and T = 250 s during central uplift formation and collapse.





Supplementary information
Video 1
Animation of the numerical simulation results. The target (and impactor) materials are indicated by colour, consistent with the individual frames shown in Fig. 2 (carbonate rock, grey; crust, pink; mantle, green). Large-scale deformation of the entire target is illustrated by a grid of Lagrangian tracer particles (black dots) with 2-km initial spacing. In addition, 100 tracer particles within the peak-ring rocks are highlighted in blue. The inset shows the same tracer particles in a Lagrangian reference frame centered on the average coordinates of the highlighted tracer particles.





Source data
Source Data Fig. 3

Source Data Extended Data Fig. 1
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