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Introduction: Tharsis is a vast, complex topog-
raphic rise on Mars that has undergone protraded vol-
canic and tedonic adivity spanning realy the entirety
of Mars' history [1]. The Thaumasia region that de-
fines the southeastern most portion of Tharsis can been
sea as being topagraphicdly coherent with the main
central rise mntaining the Tharsis Montes (Ascraeus,
Pavonis, and Arsia) [2,3]. Thisregion is identified as
an arcuate mountain belt, the Thaumasia Highlands,
which extends outhward from the region of the Thar-
sis Montes (containing Claritas Fossag that then
curves northeastward in a “scorpion tail” pattern to
form a quasi-circular fedure. The Thaumasia high-
lands, the oldest preserved pation of Tharsis, contains
heavily cratered Noadhian terrains that have survived
resurfadng by younger volcanic flows presumably be-
cause of their high elevation. These mourtains, stand-
ing 4-5 km above the surrounding cratered highlands,
bound an interior plateau that includes Solis, Sinai, and
Syria Planum [2]. Immediately adjacent to the Thau-
masia Highlands in the surrounding cratered plains, a
negative freeair gravity anomaly flanks the high stand-
ing topography (Figure 1). This gravity anomaly re-
veds a possible flexural trench creaed by the loading
of the lithosphere by Thaumasia that has undergone
subsequent burial by lava flows and debris.
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Figure 1. Freeair gravity anomay (MGS75D). The
negative gravity signal flanking the Thaumasia High-
lands (blue) may indicae aburied trench. Line is the

location of the accéeration profile plotted in figure 2.
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Figure 2. Observed los acceeration for MGS (blue)

and expeded acceeration derived from topagraphy
(red). Location of trench identified by MOLA topag-
raphy and surfacegeology is sown. Seefigure 1 for
the ground tradk of the profile.

Forward Model: Dired line-of-sight (LOS)
spacecaft accderations have been analyzed [see4 and
5 for details] and confirm that the negative gravity
anomaly associated with the Thaumasia Highlands ob-
served in the sphericd harmonicdly represented datais
red and is not simply an artifad (i.e. ringing). An ac-
cderation profile aossing the trench is gown in figure
2 aong with the predicted accéeration that would re-
sult from the topography (seefigure 1 for locdion of
profile). The negative gravity anomaly is evident in the
raw spacecaft accéeration and is not correlated with
that expeded from the topography.

We have amployed a forward model to fit the flex-
ural wavelength of the gravity signal generated by the
buried trench and estimate the dastic thickness (T,) to
have been relatively thin (~ 20 km) at the time Thau-
masia loaded the lithosphere. T, can be regarded as the
depth at which a planets interior becomes too week to
suppart stresses over geologic time scdes (~10° yrs).
This depth, being related to the inverse of the thermal
gradient, implies the value of T, increases with time &
hea flow from the planet’s interior diminishes [6]. As
a result, T, reflects the state of the lithosphere & the
time of loading alowing temporal comparisons to be
made on a regional basis [7]. The oldest feaures re-
fleat asmall flexural wavelength, as they are associated
with young thin lithosphere. Values of T, < 20 km are
observed in the most ancient portions of the Martian



Second Conference on Early Mars (2004)

crust [7, 8] and are consistent with the Thaumasia
Highlands having formed in the Early Noachian.

Admittance: From the LOS accelerations, we
have derived the admittance, the transfer function be-
tween topography and gravity, for the southeast portion
of Tharsis that encompasses Thaumasia. A best fit to
the data yields a value for T, of ~71 km (Figure 4) [see
9 for model description]. This higher value reflects
more recent events, such as the formation of Valles
Marineris or the continued subsidence of the Thauma-
sia plateau, which will dominate the regional admit-
tance in which the signal of the buried trench is em-
bedded. Even greater values of T., >100 km, have
been observed northwest of Thaumasia where the
large, younger shield volcanoes of the Tharsis Montes
are located [e.g. 7, 8]. As T, is presumed to increase
with time, an evolutionary trend in Tharsis develop-
ment is suggested with the earliest manifestation of
Tharsis occurring in the southeast and progressing
northwest. This is consistent with the surfaces ages of
the mapped geologic units of Tharsis [10] that follow
this same trend.
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Figure 3. Cartoon depicting forward model with best-
fit parameters: crust density p. ~2900kg m*, load den-
sity ps ~3000kg m’, fill density pr,~1600kg m?, ini-
tial plateau height t; ~6 km), and elastic thickness
Te~20km.

Conclusion: The gravity signal reveds a buried
trench resulted from the formation of the Thaumasia
plateau during the Early Noacdhian. The relatively thin
T. implied by the signal and the Noachain terrains pre-
served on the margin of the Thaumasia plateau indicate
that the development of Tharsis was well underway in
the Early Noadhian. Further, T, values from admit-
tance indicate Tharsis development progressed toward
the northwest through the Hesperian and Amazonian,
consistent with the mapped geology which refleds the
same trend [10]. This auggests there has been an al-
teration to the underlying convedion since the Early
Nochian resulting in a migration in volcanic adivity

away from Thaumasia and the preservation of Noa-
chian terrains on the southeast margin.
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Figure 4. The LOS admittance for Thaumasia
Lat/Lon range of areaused in obtaining the almittance
isthat of figure 1.

EAST THARSIS

surface density=2340 kg m-3
elastic thickness=71 km
fraction subsurface loading=0.1
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