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            Abstract
The remarkable compositional diversity of volatile ices within comets1,2,3 can plausibly be attributed to several factors, including differences in the chemical, thermal and radiation environments in comet-forming regions, chemical evolution during their long storage in reservoirs far from the Sun4, and thermal processing by the Sun after removal from these reservoirs. To determine the relevance of these factors, measurements of the chemistry as a function of depth in cometary nuclei are critical. Fragmenting comets expose formerly buried material, but observational constraints have in the past limited the ability to assess the importance of formative conditions and the effects of evolutionary processes on measured composition5,6,7,8. Here we report the chemical composition of two distinct fragments of 73P/Schwassmann–Wachmann 3. The fragments are remarkably similar in composition, in marked contrast to the chemical diversity within the overall comet population and contrary to the expectation that short-period comets should show strong compositional variation with depth in the nucleus owing to evolutionary processing from numerous close passages to the Sun. Comet 73P/Schwassmann–Wachmann 3 is also depleted in the most volatile ices compared to other comets, suggesting that the depleted carbon-chain chemistry seen in some comets from the Kuiper belt reservoir is primordial and not evolutionary1.
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                    Figure 1: 
                        NIRSPEC spectra of the B and C fragments of comet 73P/Schwassmann–Wachmann 3.
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Figure 2: 
                        Relative abundances of detected species in 73P/Schwassmann–Wachmann 3 and comparison to other comets.
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        Editorial Summary
Comet 73P in pieces
The 2006 visit of comet 73P/Schwassmann-Wachmann 3 (comet 73P) took it quite close to Earth. It had split a decade earlier into at least five fragments and by 2006, more than 60 fragments were orbiting the Sun. The comet's disruption had exposed fresh material that had been formerly buried deep within the comet's original nucleus. This provided ideal conditions for a natural equivalent to NASA's Deep Impact mission, digging even deeper into the comet than the probe that struck comet Tempel 1. Observation of fragments B and C of comet 73P showed them to be remarkably similar in composition. This contrasts to the marked variation in composition between different comets, and contradicts previous assumptions that short-period comets would have strong compositional variation with depth.
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