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The Planetary Geodesy group has always been pro-active about | ..coreom: The Planetary Geodesy ISFM supported in FY18 the
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By tracking Mars' gravitational pull on the three NASA spacecraft Mars Global Surveyor (MGS), Mars Odyssey, and Mars mm
Reconnaissance Orbiter (MRO) over 16 years, we created one of the most detailed gravity maps of the Red Planet. The new
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gravity solution includes information on the Martian tides, crustal thickness and CO_ cycle that lead to a better understanding of L4 L L [ L4 L] L
Mars interior and climate evolution.
[ The new gravity map combined with topography allowed us to derive a more accurate crustal thickness map of Mars with a ,

resolution of ~120 km. The new gravity field also provided information on Martian tides that confirmed the presence of Mars liquid
outer core of molten rock.
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Changes in the Martian gravity over time have been measured to monitor the polar ice caps. For the first time, we have been able

The improved resolution of the new gravity map enabled us to provide new explanations for how some features formed across the
northern and southern ispl . A better g of Mars’ regions formation will enhance the selection of future landing
sites for rovers and human missions that are both part of NASA's journey to Mars. Furthermore, the higher definition of gravity
anomalies will help mission controllers insert spacecraft more precisely into orbit.

writers to prepare a number of press releases on varied topics: | a dataset for their need, at its highest resolution, before
Mars gravity, relativity and Mercury ephemeris, Ceres’ dark downloading it. Up to now, we used image thumbnails.

craters, etc. With most of our products being global scale, these are
The Solar System Exploration Division funded in FY17 the | IS not necessarily informative for specific regions.

evelopment of the Planetary Geodesy Data Archive (PGDA, | oo

MGS, Mars Odyssey and MRO have contributed to the NASA's Mars Exploration Program, which makes use of orbiters, landers,
and rovers to investigate and monitor the planet Mars. MGS was designed to provide global mapping of the Martian atmosphere,
surface and deep interior. One of the five instrument onboard was the Mars Orbiter Laser Altimeter (MOLA) that operated only
until June 2001. The ranging measurements from the MGS spacecraft to the Martian surface resulted in a high-resolution

gda.gsfc.nasa.gov), a resource geared towards the planetary | =i
science community. The goal is to make our science products and
data more visible and accessible to researchers. Some of these
products are archived at the Planetary Data System (PDS), and are
simply linked to, but dedicated featured articles make it easierto | ~. .~ =7

Mars Odyssey and MRO are still orbiting Mars in two different sun-synchronous, near-polar orbits with periapsis altitudes at ~390
km and ~250 km, respectively. Mars Odyssey descending node has been located at 4-5 PM LST, whereas MRO descending
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node is at ~3 PM LST. Both spacecraft have collected measurements at lower altitudes (~220 km) during orbit transition phases
that preceded the mapping missions. Mars Odyssey started to orbit Mars in 2002 with three instruments that were focused on
[ ] the study of past and/or present water and ice, geology and radiation environment. MRO was located in a low-altitude orbit

around Mars in 2006. Its engineering instruments include the Gravity Field Investigation Package that has been dedicated to
measure variations in the Martian itational field through spacecraft orbit determination.
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The NASA Deep Space Network (DSN) stations have acquired X-Band tracking data from these three spacecraft that provide
information on the static and time-varying gravity field of Mars. The continuity of the radio tracking data, which cover more than
an entire solar cycle, is a unique opportunity to also characterize the temporal variability of the gravity field, relevant to the
planet's internal dynamics and the structure and dynamics of the atmosphere®.

NASA’S Planeta Geolo Geo h SiCS and Geochem ist Laborato The gravity solution depends significantly on the geodetic altitude and latitude coverage of the radio tracking data. Lower orbital
ry gy’ p ry ry altitudes provide better sensitivity to short-wavelength signals and improved gravity resolution. MRO low-altitude orbit was
N A designed to enable the determination of highly-accurate gravity maps with a spatial resolution of ~90 km, which corresponds to
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Goddard Mars Model - 3

The analysis and processing of MGS, Mars Odyssey, and MRO data allowed us to recover the static gravity field of Mars in spherical
harmonics to degree and order 120, named Goddard Mars Model-3 (GMM-3), which is available from the Geosciences Node of the
Planetary Data System (PDS). Figure 2 shows the free-air gravity anomalies of GMM-3. Short-wavelength free-air gravity anomalies are
driven by the widespread occurrence of isostasy from topography. Therefore, high correlations between gravity and topography
harmonic expansions at higher degrees have typically been considered as indicators that the gravity solution is well determined. The
new gravity solution shows higher correlations with the gravity anomaly predicted by MOLA surface topography compared to previous
gravity results®.
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Under the same thrust to make our data more easily
assessable by users before download, another
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Figure 2. GMM-3 free-air gravity anomaly map.

interactive tool is in development and will be available

The higher-resolution of Mars gravity anomalies enabled us to refine the global map of the Martian crustal thickness. Assuming a
bulk density of 2900 kg/m* for the crust, we were able to compute the Bouguer anomaly by subtracting the gravity predicted

R S Ol for use in our product description webpages. It will

L allow users to visualize a dataset in multiple different

, 55 projections, with interactive controls on the projection
Goochemisty Labortoy (God 653 2 NASA G Space Flgh Garten. :Amt% r&;é@ m - 00 parameters. Users can thus place their region of interest
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We performed a nonlinear inversion for relief on the crust mantle boundary, applying a smoothness constraint to
. I I

See All Products >>

The Planetary Geodynamics Data Archive (PGDA) is a resource intended to present and Search

suppress spurious relief resulting from downward continuation of noise.

See More >>
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. Figure 4. Global map of crustal thickness over shaded relief.

Seasonal Gravity and CO, cycle

The 16-years of continuous Mars data at different altitudes and LST are unprecedented opportunity to detect the seasonal

variation of long-vawelength gravity anomalies. The seasonal mass exchange between the Mars polar caps is best observed in

time-variable terms of the gravity zonal harmonics.

Mismodeling of perturbative forces may compromise the estimation of the time-variations of the gravity field. For this reason,

previous studies showed stable solutions of time-varying gravity coefficients using MGS and Mars Odyssey data only. The
refinement of MRO orbits led us to include these data to estimate the time-variable zonal harmonics C,p and C3y. The

See M Ore >> combination of MGS, Mars Odyssey and MRO data provides the inter-annual mass exchange between the polar caps over ~11

years (from October 2002 to November 2014). Figure 5 shows the measurement of the seasonal CO, masses of the north and

south poles. The pattern of deposition and sublimation is symmetric in both hemispheres with larger amplitudes in the south.

1 : o~ “ vJN/\/ M\f

North Pole |

N

Mass (10'° kg)

L
T

I
2002-10  2004-02  2005-07  2006-11  2008-03  2009-07  2010-11  2012-04  2013-08  2014-12

South Pole

n
Y

Mass (10'° kg)
b o

L

Recalibrated MLA Radiometric Permanent Shadow at Ceres
Data Records

i
2062-10  2004-02  2005-07 200611  2008-03  2009-07  2010-11  2012-04  2013-08  2014-12

Figure 5. Mass vales of the north and south seasonal caps derived by assuming a point mass model.

Data Usage Policy

The Mars gravity solution GMM-3 is presented in the following paper:

See More >>

Genova, A., Goossens, S., Lemoine, F. G., Mazarico, E., Neumann, G. A., Smith, D. E., & Zuber, M. T. (2016). Seasonal and static gravity
field of Mars from MGS, Mars Odyssey and MRO radio science. Icarus, 272, 228-245. doi:10.1016/2016.02.050

and the data products, which are summarized in the following table, were released on NASA PDS.
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] File name Description
" gmm3_120_sha GMM-3 gravity field coefficients to degree and order 120. SHA LBL C d . t °
reait:
gmm3_120_sha GMM-3 covariance matrix. SHB LBL
i .
ke ggmro_120_anom_100 Digital map of GMM-3 gravity anomaly up to degree 100. IMG  LBL J a S O n D a V I e S
ggmro_120_anomdegreestrength  Digital map of GMM-3 gravity anomaly expanded only up to degree strength at IMG LBL

each location.

ggmro_120_anomerr Digital map of GMM-3 gravity anomaly formal uncertainty. IMG LBL

LOLA 1064-nm Passi Slope and Azimuth f Trajectory of LRO Laser Ranging to LRO Finall I | I ilabl W il '
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Radiometry

ggmro_120_degreestrength Digital map of the local resolution on a global scale for GMM-3. IMG  LBL
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ggmro_120_geoid_90 Digital map of Mars geoid heights up to degree 90. IMG LBL I n t E n E a r | | t l I r E t : I S p E y I m E g E S t a t m a y E : W I E
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