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PAST STUDIES

• NEX-SAG 2015

• NASEM CAPS “GETTING READY” REPORT 2017

• NASEM DECADAL MID-TERM REVIEW 2018

• NASEM ASTROBIOLOGY STRATEGY 2018

• KECK STUDY – UNLOCKING MARS CLIMATE RECORD IN PLD (2017, 2020)

• ICE-SAG 2019
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A. Map and quantify shallow ground ice deposits across Mars together with shallow 
layering of water and CO2 ices at the poles to better understand the global water 
inventory and atmospheric exchange today, and how ground ice records climate 
change on geologically younger Mars (e.g., over obliquity variation cycles);

B. Detect and characterize areas of possible present-day liquid water flow (recurring 
slope lineae: RSL) and link these observations with ground ice, temperature, surface 
composition (e.g., salts) and atmospheric properties to understand the distribution 
and potential for habitability of these volatile reservoirs;

C. Measure winds and characterize transport and other dynamic processes to 
understand current climate, water, and dust cycles, with extrapolation to past 
climates;

D. Characterize the occurrence and timing of major environmental transitions recorded 
in compositional stratigraphic records, such as discrete hydrated mineral assemblages 
and sedimentary bedding;

E. Carry out high-value, close-approach investigations of Phobos and Deimos. 

Can’t do it all – Ice & winds
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One slide on MOSAIC

PI: Shane Byrne
DPI: Paul O. Hayne

• Thermal IR Sounder (AMCS)
• Wide Angle Camera (MAVRIC)
• Sub-mm Sounder (WAVE)
• Dual-Mode Radar (CHROME)

Submitted to Discovery



W. Calvin – for Mars Panel Ice & Climate Orbiters - 7

• MOSAIC will characterize the Martian climate 
system variability  both diurnally  and  seasonally,  
on  meso-, regional,  and  global  scales.

• 8 linked investigations from the subsurface (ice) 
to the exosphere and space weather.

• 10 spacecraft, one large mothership with small 
spacecraft in various orbits (polar, elliptical, 
aerostationary).

• 49 Science Instruments

• Mothership (surface, lower-middle atmosphere, 
thermosphere)

• P-band SAR/Sounder
• Wide angle imager
• Wind Lidar
• Thermal IR radiometer
• Sub-mm sounder
• NIR spectrometer
• Wind doppler interferometer
• FUV/MUV spectrograph



A. Map and quantify shallow ground ice deposits across Mars together with shallow 
layering of water and CO2 ices at the poles to better understand the global water 
inventory and atmospheric exchange today, and how ground ice records climate 
change on geologically younger Mars (e.g., over obliquity variation cycles);

B. Detect and characterize areas of possible present-day liquid water flow (recurring 
slope lineae: RSL) and link these observations with ground ice, temperature, surface 
composition (e.g., salts) and atmospheric properties to understand the distribution 
and potential for habitability of these volatile reservoirs;

C. Measure winds and characterize transport and other dynamic processes to 
understand current climate, water, and dust cycles, with extrapolation to past 
climates;

D. Characterize the occurrence and timing of major environmental transitions recorded 
in compositional stratigraphic records, such as discrete hydrated mineral assemblages 
and sedimentary bedding;

E. Carry out high-value, close-approach investigations of Phobos and Deimos. 

MORIE – Ice & Environments
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SCIENCE THEME: EVOLUTION OF A HABITABLE WORLD

• WHEN DID ELEMENTS OF THE CRYOSPHERE FORM AND HOW ARE ICE DEPOSITS LINKED
TO CURRENT, RECENT AND ANCIENT CLIMATE? 

• HOW DOES THE CRUST RECORD THE EVOLUTION OF SURFACE ENVIRONMENTS AND
THEIR TRANSITION THROUGH TIME? 

RESOURCE THEME: FUELING FUTURE EXPLORATION

• WHERE COULD GROUND ICE SERVE AS A RESOURCE FOR LANDED MISSIONS? 
• CAN HYDRATED MINERAL DEPOSITS PROVIDE A VIABLE RESOURCE FOR LANDED

MISSIONS? 

Key questions were traced to primary science objectives.

MORIE MOTIVATION - Water is the Key Link
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Instrument Description Center Freq or Range Spatial Resolution
Acquisition 

Mode
Science Objectives 

Polar-SAR
Full polarization synthetic aperture 

radar
400 MHz

100 m, sense ice within 

3 m of the surface

Continuous 

nightside

C1, C2, E3, supports 

E1, E2

RaSo Radar Sounder 400 & 200 MHz
2 km, 0.5 to 1m vertical 

resolution in ice

Continuous 

nightside 

C1, C2, C4, 

supports E1, E3

C-IMG 1-m/pix color imager
0.4 to 1.7 μm in 20 

channels
1 m

Selected 

targets

C2-C4; E1-E4; 

supports C1

NGSWIS
Next Generation Short Wave 

Infrared Imaging Spectrometer

1.3 to 4.2 μm, at < 10nm 

spectral resolution
< 5 m

Selected 

targets

E1-E3; supports C1, 

C3

MarsFire Mars Far Infrared Emission Imager
6 to 25 μm in 20 channels, 

< 1 μm bandpass
< 100 m

Selected 

targets

E1-E3; supports C1, 

C3

MAVRIC
Mars Atmosphere Volatile and 

Resource Investigation Camera

0.4 to 1.7 μm in 6 to 12 

channels
1 km

Continuous 

dayside
C3, supports E4

Mid-S-Cam Dual Stereo Monochrome Cameras Pan 5 m
Continuous 

dayside
C2, supports C1, C4

MORIE Payload



RADAR INSTRUMENTS

RASO

• P-BAND RADAR SOUNDER WITH 0.5 M
VERTICAL RESOLUTION IN ICE

POLAR-SAR
• FULL POLARIZATION P-BAND SAR, 100 M

SPATIAL RES W/ SPOTLIGHT MODE

BOTH MORIE AND MOSAIC CONVERGED
ON A DUAL FREQUENCY SYSTEM

• 400 MHZ PSAR
• 200, 400 MHZ SOUNDING

The left side contrasts visible imagery with that obtained using PSAR of the same 
location on the moon (Campbell et al. 2014).  The right side shows resolution of sub-
meter scale layers in the Greenland ice sheet using P-band sounding (Dall et al., 2018). 

(NASA LRO/LROC; Arecibo/NAIC)
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20 m

WHY P-BAND SAR / SOUNDER
• DEPTH OF PENETRATION – DRY SOIL W/ SCATTERS

• 225MHZ – 25M, 450 MHZ – 8.4M

• 900 MHZ – 4.1M 1200MHZ – 3.1
• (PETTINELLI ET AL. 2007)

• NUMEROUS OTHER PRIOR STUDIES SUPPORT CENTRAL
FREQUENCIES FROM 400 TO 500 MHZ

• VERTICAL RESOLUTION IN ICE

• RESOLVE LAYERS IN THE PLD BETTER THAN SHARAD

• LESS SENSITIVE TO SURFACE SCATTERERS

• ADDRESS KEY QUESTIONS

• ICE EXTENT & VOLUME

• DEFINE THE LOWEST LATITUDES WHERE THE ICE NEAR THE
SURFACE IS UNDER FEW M OF DRY OVERBURDEN

450 MHz

225 MHz

900 MHz
1200 MHz
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IMAGING & SPECTROSCOPY
• 1m/pix imager with 20 channels, better 

than CaSSIS with IR
• Shared telescope SWIR/TIR spectrometers

• Improves spatial resolution & spectral 
resolution over current observations.

• Dual stereo 5 m/pix
• Wide angle with 12 colors – UV-SWIR



MISSION SUMMARY

• SOLAR ELECTRIC PROPULSION ENABLES POWER FOR PSAR AND
SOUNDING, AND ORBITAL PLANE CHANGE TO SOUND DIRECTLY
OVER THE POLES.

• SHARED TELESCOPE SWIR/TIR REDUCES MASS AND ALLOWS
CONCURRENT IMAGES FOR FULL MINERALOGICAL
DETERMINATION OF TRANSITION ENVIRONMENTS.

• 2 MY MISSION RETURNS 12X MORE DATA THAN MRO
• FIRST RADAR IMAGING FROM ORBIT

• RESOLVES CURRENT GAP IN SENSING DEPTH TO ICE

• REFINES PLD STRATIGRAPHY WITH BETTER VERTICAL
RESOLUTION IN ICE.

• MAPS CRITICAL ENVIRONMENTAL TRANSITIONS AT
UNPRECEDENTED SPATIAL SCALES.

• WITH 50% RESERVES, FULL MISSION IS OUT OF NF COST BOX

• ICE-FOCUSED MISSION WITHIN CAP
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