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Prof. Kaushik Mitra’s Laboratory for Experimental & Aqueous Planetology (LEAP) @ UTSA
revolves around the search of habitable environments in the solar system. LEAP is interested in both
instantaneous and continuous planetary habitability of terrestrial planets (Mars & Venus), relict water
worlds (Ceres & Asteroids) and Ocean Worlds (Europa, Enceladus & Titan). While much of
planetary science is done by observation and modeling, quantification of geochemical constants and
verification of theoretical hypotheses require experimentation. LEAP’s research investigates geochemical
processes occurring in planetary aqueous systems in (partially) closed, interior liquid water under the icy
crust of ocean worlds and on (sub)surface water bodies on relict water worlds by employing a
combination of laboratory experimentation, geochemical modeling, and field investigations. LEAP
focuses on understanding the fundamental geochemical processes occurring at low temperature (and later
high pressure) systems, characterizing the aqueous chemistry and their evolution, and providing
geochemical constraints on habitability of the water worlds.

LEAP broadly aims at investigating geochemical processes in planetary aqueous systems using a
combination of laboratory experimentation, geochemical modeling (thermodynamics, kinetics, and
reactive transport), & field investigations.

The lab experiments conducted at LEAP are conducted in controlled laboratory environments to
(i) quantify unknown chemical parameters (~kinetics) in planet specific geochemical environments, and
(ii) test models and hypotheses proposed to explain planetary surface processes for water worlds.

The chemical parameters are then put to use in geochemical models using software packages [like the
Geochemist’s Workbench (GWB), FREZCHEM], to simulate conditions tuned for different planetary
systems unachievable in the lab. Additionally, LEAP has plans to get involved with future NASA
missions (e.g, Europa Clipper, Mars Sample Return) and work on existing datasets from past missions
[MER-A&B (Spirit & Oppy), Phoenix, MSL (Curiosity), M2020 (Perseverance)] as a participating
scientist to analyze acquired geochemical data and planetary materials using statistical tools and Machine
Learning (ML) techniques.

Finally, field investigations in planetary analog sites are conducted to acquire samples as experimental
raw materials and to enhance our understanding of geobiological and geochemical processes.

LEAP’s research has three broad themes:
(1) Geochemistry of aqueous systems on the surface ofMars,
(2) Geochemistry of ocean and icy crust of Ocean Worlds, and
(3) Rates & products basalt weathering on Venus.
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Project 1 Organic matter (OM) degradation during Mars Sample Return mission
Mars is a halogen-rich planet and likely has an active and complex halogen cycle. Oxyhalogen species,
like chlorate (ClO3

-) and bromate (BrO3
-), are major components of the halogen cycle and linked with

redox sensitive elements (Fe, Mn) in the Martian sedimentary cycle. Chlorinated organic molecules
detected on Mars were interpreted as products of high temperature pyrolysis experiments by the Sample
Analysis at Mars (SAM) instrument on the Curiosity rover. Although the reaction of OM with oxyhalogen
species could produce similar results, the reaction of organic compounds with oxyhalogen species at
Mars-relevant conditions are unknown. The most important question is whether OM can be destroyed in
closed sample catches by the highly deliquescent oxyhalogen species during Mars Sample Return
mission. Oxyhalogen reactivity with organic matter will be investigated using lab experimentation in
Mars-like surface conditions and oxidizing products will be characterized using state-of-art analytical
facilities at UTSA and through current collaborations at ARES Division at NASA Johnson Space Center
in Houston, Southwest Research Institute (SwRI) at San Antonio, and using Mars Chamber facilities at
University of Arkansas.
Relevant Papers: Tosca et al., 2022 Astrobio.; Mitra, 2021 PhD. Thesis

Project 2 Characterizing the Aqueous Systems of Europa & Enceladus
Liquid water is crucial for life as we know it. Ocean worlds, like Europa and Enceladus, have definitive
proof of liquid water below an icy crust of unknown composition and thickness. Future NASA and ESA
missions have been confirmed to probe the surface and subsurface of these ocean worlds. What is the
chemical composition of the ocean and the icy crust? What water-rock interactions are dominant and
what weathering processes occur in the ocean worlds? Did Europa and Enceladus host ancient
aqueous environments conducive to early life? Answering these questions is crucial to unraveling the
habitability and evolution of ocean worlds and acquiring preliminary geochemical understanding of the
aqueous systems before the Europa Clipper Mission. This project will investigate the geochemistry of
aqueous systems and the crust of Europa and Enceladus by performing lab experiments in the currently
developing cold room chambers at UTSA and the Southwest Research Institute (SwRI) at San Antonio.
SwRI proudly houses world class experimentation and analytical instrumentation development facilities
and multiple members on Europa Clipper Mission.
Relevant Papers: Journaux et al., 2020 Space Science Reviews; Phillips & Pappalardo, 2014. Eos,
Transactions American Geophysical Union; Hendrix et al., 2019 Astrobiology; Grasset et al., 2013
Planetary and Space Science; Zolotov & Kargel, 2009 In: Pappalardo RT, McKinnon WB, Khurana KK
(eds). Europa. University of Arizona Press, 2009, pp 431-457.

Project 3 Rates & products basalt weathering on Venus
An understanding of the geochemical and spectroscopic properties of the surface of Venus will be
imperative to understand the data returned from upcoming missions of NASA (VERITAS, DAVINCI),
ESA (EnVision), Roscosmos (Venera-D), and ISRO (Shukrayaan-1). The interpretation of the emissivity
data returned by these missions critically depend on the correct understanding of the composition of
surface materials, kinetics of rock weathering, and their measurements under specific P-T conditions and
radiation environment. However, experimental data under Venus surface conditions are sparse. There is an
immediate and dire need for conducting experiments in these extreme conditions in order to gain
complete understanding and correct interpretation of spectroscopic data returned from the upcoming
missions. The emissivity of surface materials on Venus are controlled by the FeO content of the rocks and
by varying degrees of basalt weathering. Understanding the kinetics of iron oxide formation on Venus
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https://ares.jsc.nasa.gov/
https://www.swri.org/industries/space-research-technology
https://www.liebertpub.com/doi/full/10.1089/ast.2021.0115
https://www.proquest.com/docview/2601418328?pq-origsite=gscholar&fromopenview=true
https://www.swri.org/industries/space-research-technology
https://link.springer.com/article/10.1007/s11214-019-0633-7
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1002/2014EO200002
https://www.liebertpub.com/doi/full/10.1089/ast.2018.1955
https://www.sciencedirect.com/science/article/pii/S0032063312003777
https://www.sciencedirect.com/science/article/pii/S0032063312003777
https://books.google.com/books?hl=en&lr=&id=bRNDDwAAQBAJ&oi=fnd&pg=PA431&dq=Zolotov,+M.+Y.+%26+Kargel,+J.+On+the+Chemical+Composition+of+Europa%E2%80%99s+Icy+Shell,+Ocean,+and+Underlying+Rocks.+In:+Pappalardo+RT,+McKinnon+WB,+Khurana+KK+(eds).+Europa.+University+of+Arizona+Press,+2009,+pp+431-457&ots=6UaTuJ8YvS&sig=FoOwOx-ImSz8GyF3bQPGgx_PCpQ#v=onepage&q&f=false
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basalt is of considerable interest, both as an indicator of the reactions’ effectiveness in buffering
atmospheric oxidation state (i.e., CO2/CO), and as a chronometer. I will use and collaborate with existing
(and rapidly growing) facilities like The Glenn Extreme Environment Rig (GEER) and mini GEER at
NASA Glenn Research Center, and the Venus In situ Chamber Investigations (vici) at NASA Goddard
Space Flight Center, and the world’s leading high pressure FORCE Lab at Arizona State University.
Relevant Papers: Glaze et al., 2018 Space Science Reviews; Gilmore et al., 2017 Space Science Reviews;
Dyar et al., 2021 Icarus; Zolotov, 2019 Oxford Research Encyclopedia of Planetary Science; Teffeteller et
al., 2022 Icarus; Filiberto et al., 2020 Science Advances

Project 4. Planetary Surface Simulator | Systems Engineering Project
Additionally, LEAP is spearheading the development of a Planetary Surface Simulator (PS2) with help
and guidance from NASA Jet Propulsion Laboratory Systems Engineers that will mimic the surface
conditions of terrestrial planets (like Mars, Mercury, Early Earth), Moon, Asteroids, and Ocean Worlds
(Europa, Enceladus, Titan) and will be used for hypothesis testing (e.g, carbonate formation and organic
matter degradation on Mars; sulfate minerals formation on Europa; methane cycle on Titan) and
determination of fundamental geochemical (thermodynamic and kinetic) parameters. We aim to control
the surface and air temperatures, air pressure and composition, radiation environment, and relative
humidity and tune these parameters to mimic planetary surface conditions. We aim to achieve
compartmentalization of the chambers to achieve flexibility in chamber space utilization as a function of
time and volume requirements of the ongoing projects. The prospect of developing modular pressure
chambers along with automation is currently a challenge and the charm of this ambitious project.
Relevant Papers: Ramachandran et al., 2021 Sensors; Martin & Cockell, 2015 Astrobio.; Tarasashvili et
al., 2017 Int. J. Astrobio.; Wu et al., 2021 Sensors

Analytical Facilities in LEAP*
LEAP is an Experimental Aqueous Geochemistry Laboratory specializing in low-temperature aqueous
experimentation and synthesis of planetary materials using standard geochemical techniques. Specific
instrumentation include Bruker D8 Advance X-Ray Diffractometer (with non-ambient sample stage);
Two large Coy Anaerobic Chambers; Nitrogen-flushed Vacuum Ovens; Specialized Parr Vessels.
*under construction

Additional Analytical Facilities at UTSA: Mass Spectroscopy (MS) Lab [MS, with Ion Chromatograph
(IC), Gas Chromatograph (GC), and Liquid Chromatography], Kleberg Advanced Microscopy Center
(KAMC); Mass Spectroscopy Core Facility; NASA MIRO CAMEE;
Through collaborations with NASA ARES division, SwRI, AR Center for Space and Planetary Sciences
at University of Arkansas, and the University of Texas system, we have access to the best and all the
required resources required for our work at LEAP.

LEAP is currently actively looking for interested graduate students and postdocs for multiple
projects and have funding opportunities. Students from diverse academic backgrounds (Geology,
Chemistry, Biology, Chemical Engineering, Mechanical Engineering) are encouraged to apply. All I need
is an eagerness and propensity to learn and from whom the PI can learn himself!
Interested students can contact me via email ( mitrak.washu@gmail.com; kaushik.mitra@stonybrook.edu)
[please note that UTSA email will be active post August 1st, 2023].
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https://www1.grc.nasa.gov/space/geer/
https://science.gsfc.nasa.gov/691/HEL/equipment.html
https://force.asu.edu/
https://link.springer.com/article/10.1007/s11214-018-0528-z
https://link.springer.com/article/10.1007/s11214-017-0370-8
https://www.sciencedirect.com/science/article/abs/pii/S0019103520304802
https://oxfordre.com/planetaryscience/display/10.1093/acrefore/9780190647926.001.0001/acrefore-9780190647926-e-146
https://www.sciencedirect.com/science/article/abs/pii/S0019103522001944
https://www.sciencedirect.com/science/article/abs/pii/S0019103522001944
https://www.science.org/doi/full/10.1126/sciadv.aax7445
https://www.mdpi.com/1424-8220/20/14/3996?type=check_update&version=1
https://www.liebertpub.com/doi/abs/10.1089/ast.2014.1240
https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/semiautomated-operation-of-mars-climate-simulation-chamber-mcsc-modelled-for-biological-experiments/B9343F2A5F9FB8499948FD36214C88AB
https://www.cambridge.org/core/journals/international-journal-of-astrobiology/article/semiautomated-operation-of-mars-climate-simulation-chamber-mcsc-modelled-for-biological-experiments/B9343F2A5F9FB8499948FD36214C88AB
https://www.mdpi.com/1424-8220/21/7/2519?type=check_update&version=1
https://www.utsa.edu/sciences/labs/SaugataDatta/
https://research.utsa.edu/cores/KAMC/
https://research.utsa.edu/cores/mspc/index.html
https://www.utsa.edu/NASA-CAMEE/#_ga=2.1235441.1531838650.1687279087-1631111453.1673018096
mailto:mitrak.washu@gmail.com
mailto:kaushik.mitra@stonybrook.edu

