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The nature of the divergent evolution of the terrestrial planets Venus, Earth, and Mars is a fundamental problem in planetary science that is most relevant to understanding the characteristics of small planets we are likely to discover in extrasolar systems and the number of such systems that may support habitable environments. For this reason, the National Research Council’s Decadal Survey gives Venus exploration high priority. That report was the basis of the NASA selection of Venus as one of four prime mission targets for the recently initiated New Frontiers Program. If the Decadal Survey priorities are to be realized, in situ Venus exploration must remain a high priority. Remote sensing orbital and in situ atmospheric measurements from entry probe or balloon platforms might be realized under the low cost Discovery missions while both atmospheric and landed surface measurements are envisioned with the intermediate class missions of the New Frontiers Program.

A neutral mass spectrometer is required to measure the trace noble gases present in the atmosphere of Venus. The elemental and isotopic composition of these chemically inert gases in the terrestrial planets and a comparison with these values in other solar system reservoirs such as comets and giant planets is a fundamental data set necessary to constrain models of atmospheric formation and evolution in the terrestrial planets. Complementary measurements at Venus of the vertical profiles of trace species such as H2S, H2O, CO, O2, COS, and SO2 can advance the study of both cloud chemistry and atmosphere/surface interaction while measurements of light isotope ratios such as D/H, 13C/12C, 18O/16O, 17O/16O, and 15N/14N also support the planetary evolution studies. The more ambitious future missions may take these measurements all the way to the Venus surface where the same mass spectrometer might examine volatiles evolved from surface materials while other instruments obtained additional elemental and mineralogical measurements.

The history of Venus entry probe measurements early in the planetary exploration program has clearly illustrated the difficulty of obtaining quality measurements in the harsh and highly variable environment encountered by a descending probe. However, these early missions together with experience gained through the successful Galileo Probe Investigation provide a good basis for the development of advanced Venus sampling technologies and measurement protocols that can provide improved measurement sensitivity for trace species and improved precision in measurement of elemental and isotope ratios. This presentation will review the motivation and current status of key measurements and discuss future measurement possibilities.

