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See also recently published PSJ article: https://iopscience.iop.org/article/10.3847/PSJ/abe4db
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Team has worked NEX-SAG, ICE-SAG and other various activities 
recommending this science. Deliberately small to facilitate discussion. 
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Dundas et al. 2021
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Ehlmann et al. 2011
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is there ice? 



• NUMEROUS PAST STUDIES HIGHLIGHT THIS SCIENCE
• NEX-SAG (2015)
• NASEM CAPS “GETTING READY” REPORT (2017)
• NASEM DECADAL MIDTERM REVIEW (2018)
• NASEM ASTROBIOLOGY STRATEGY (2018)
• ICE-SAG ORBITER (2019)
• KECK WORKSHOP (“UNLOCKING THE CLIMATE RECORD IN THE PLD”)

• GLOBAL DISTRIBUTION, STRUCTURE AND FORMATION CONDITIONS FOR
SURFACE AND SUBSURFACE ICE RESERVOIRS

• MORE ADVANCED MINERAL DETECTION TECHNIQUES AND BETTER
STRATIGRAPHIC RECONSTRUCTIONS OF THE GEOLOGIC, SEDIMENTARY
AND GEOCHEMICAL RECORD.

• CAN PROVIDE RESOURCE MAPPING THAT REQUIRES THE SAME
INFORMATION.

PI W. Calvin - MORIE: Mars Orbiter for Resources, Ices and Environments - 6



•

•

•
•

•

PI W. Calvin - MORIE: Mars Orbiter for Resources, Ices and Environments - 7

Key questions were traced to primary science objectives.
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MORIE Science Traceability Matrix

Objectives were traced to observables, measurement approach and requirements.



SAR Imager Radar Sounder 1-m multiband
VNIR imager

SWIR+TIR 
Spectrometer

Wide-angle 
Color Imager

5-m Stereo 
Context 

Cameras

✓ ✓ S S S

✓ ✓ ✓ ✓

✓ ✓

✓ ✓ S

✓ ✓

✓ ✓

S ✓ ✓

✓ S

✓ ✓ S S S

S ✓ ✓

✓ ✓ ✓ S S S
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MORIE Science Traceability Matrix

Measurement requirements lead to payload instruments.

✓ = Primary, S=Supporting
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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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450 MHz

225 MHz

900 MHz
1200 MHz



• 𝜇
•
•
•

•
• 𝜇
• 𝜇
•
•

•

•

PI W. Calvin - MORIE: Mars Orbiter for Resources, Ices and Environments - 12



• 𝜇
•
•

•
•

•

•

•
•
•
•

PI W. Calvin - MORIE: Mars Orbiter for Resources, Ices and Environments - 13

(ESA / Roscosmos / CaSSIS Image)

(MARCI / MSSS)



•

•
•
•

•
•
•

•
•

PI W. Calvin - MORIE: Mars Orbiter for Resources, Ices and Environments - 14



PI W. Calvin - MORIE: Mars Orbiter for Resources, Ices and Environments - 15

Full payload with 
combined SAR/Sounder
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SEP allows an orbit change from sun-
synchronous to 90 degree to get nadir views 
directly over the poles.

Strong support for this mode - this will walk the 
orbit earlier about 1hr/month allowing time of 
day coverage. 
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NGSWIS / 
Mars-FIRE 
telescope

C-IMG

Dual Stereo 
Cameras

MAVRIC

Polar-SAR 
folded

PI W. Calvin - MORIE: Mars Orbiter for Resources, Ices and Environments - 17



•
•
•
•

•
•

•

•
•

PI W. Calvin - MORIE: Mars Orbiter for Resources, Ices and Environments - 18


