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Introduction:  Tharsis is a vast, complex topog-

raphic rise on Mars extending over 30 million square 
kilometers that dominates the western hemisphere of 
Mars. The region has been the locus of large-scale vol-
canism that has endured for the entirety of the planet’s 
history, resulting in pervasive fracturing of the crust 
from lithospheric loading by the voluminous intrusive 
and extrusive magmatic deposits [1,2,3,4]. 

In this study, we present results from analysis of line-
of-sight (LOS) spacecraft acceleration profiles from the 
Radio Science Experiment of the Mars Global Surveyor 
(MGS) for the primary purpose of estimating the effec-
tive elastic thickness (Te) for various regions of Tharsis. 
This is done using two approaches: 1) best-fitting indi-
vidual LOS profiles that cross the Thaumasia Highlands 
with a forward model, and 2) determining admittances 
from LOS profiles for various regions of Tharsis and 
fitting them with theoretical curves. The value of Te re-
flects the thermal state of the lithosphere at the time to-
pographic loads are emplaced allowing temporal com-
parisons of features and crustal provinces to be made 
(e.g. [2]). The values derived in this study are used to 
infer the evolution of Tharsis over its ~4.5 billion year 
history. 

Thaumasia:  The Thaumasia region, the southeast-
ern portion of Tharsis, is a volcanic plateau bounded by 
an arcuate mountain belt, the Thaumasia Highlands, 
which extends southward from the region of the Tharsis 
Montes that then curves northeastward to form a quasi-
circular feature [5]. The Thaumasia Highlands, the oldest 
preserved portion of Tharsis [1], contains heavily cra-
tered Noachian terrains that have survived resurfacing by 
younger volcanic flows presumably because of their high 
elevation. Immediately adjacent to the Thaumasia  
 

Highlands in the surrounding cratered plains, a negative 
free-air gravity anomaly flanks the high standing topog-
raphy (Figure 1). This gravity anomaly reveals a possible 
flexural trench created by the load emplaced on the litho-
sphere by the formation of Thaumasia that has under-
gone subsequent burial [6]. 

We model the flexural response of the lithosphere to 
the emplacement of the volcanic plateau, represented by 
a disk load, to estimate Te at the time the Thaumasia 
Highlands formed. The model balances the initial applied 
load with buoyant, elastic, and membrane forces, and the 
LOS acceleration for a given MGS orbit is calculated 
from the resulting configuration of the topography and 
Moho. The disk thickness, disk density, and effective 
elastic thickness, are varied to achieve a best-fit with 
observed LOS accelerations profiles using ground tracks 
transecting the Thaumasia Highlands (Figure 2). 

We find the Thaumasia Highlands to be near-isostatic 
with Te < 20 km. Similar values are observed in Early 
Noachian terrains of the Southern Highlands [7], consis-
tent with the Thaumasia Highlands having formed in the 
Early Noachian. 

The Admittance of Tharsis:  Estimates of the ad-
mittance, the transfer function between topography and 
gravity, are used to constrain values of Te, the surface 
density ρs, and the ratio of bottom to top loading F with 
a best-fit theoretical admittance curve (see [8] and [9] for 
model description). Three study areas were analyzed: 
Thaumasia (240° to 320° E and -60° to 5° N), Olympus 
Mons (–5º to 45º N and 190º to 250º), and the western 
half of Tharsis (200° to 290° E and -20° to 45° N) se-
lected to incorporate the largely Amazonian surface ages 
that are observed there [1]. The results are shown in Ta-
ble 1. 

 

Figure 1. Free-air gravity superposed on MOLA drived shaded relief.  Ground tracks show location of profiles in Figure 2. 
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Figure 2. Observed and modeled LOS profiles across the 
Thaumasia Highlands. See Figure 1 for locations. 
 

Discussion:  Tharsis has experienced volcanic-
tectonic activity throughout the entirety of its history, 
however, the bulk of the topographic configuration of 
Tharsis appears to have been largely in place by the end 
of the Noachian [4, 10, 11]. The surface ages of Tharsis 
reflect a migration in volcanic activity from the east 
(Thaumasia region), where surface ages are primarily 
Noachain and Hesperian, to the west (Tharsis Montes 
and Olympus Mons), where surface ages are predomi-
nantly Amazonian. 

Estimates of Te for the Thaumasia Highlands, the 
oldest preserved potion of Tharsis, support this observa-
tion as near-isostatic values were obtained. The admit-
tance of the entirety of Thaumasia however, yields Te = 
72 km. This is likely due to the admittance signal being 
dominated by younger (Late-Noachian to Hesperian) 
features that are prevalent in the northern portion of 
Thaumasia, for example: Valles Marineris, Syria 
Planum, and widespread Hesperian ridge basalts that 
cover much of the Thaumasia Plateau. In addition, con-
tinued thermal subsidence of the plateau, after the initial 
flexural signal of the Thaumasia Highlands was estab-
lished, may contribute to a larger Te signal in the admit-
tance. 

Olympus Mons, the western-most, and apparently 
youngest feature in Tharsis, reflects a large Te, 111 km. 
The admittance of west Tharsis, including not only 
Olympus Mons but also the other large shield volcanoes 
of the Tharsis Montes, yields a Te = 39 km. This result 
initially seems at odds with the predominantly Amazo-
nian surface ages of the region. However, the volcanoes 
are short wavelength features superposed upon the long 
wavelength bulge of Tharsis that was in place during the 
Noachian. The admittance signal likely reflects a dilution 
from multiple topographic sources spanning a multitude 
of formational ages. 

The densities obtained reflect a systematic change 
across Tharsis that is consistent with the surface age mi-
gration. The lowest surface densities are found in Thau-
masia, 2410 kg m-3, and the highest densities are in west 

Tharsis, 3200 kg m-3. The near-surface terrains of Thau-
masia are either more porous from impacts during heavy 
bombardment and/or comprised in part of lower density 
sediments. The higher densities of west Tharsis are con-
sistent with the densities of the SNC meteorites [12] (ba-
salts and ultramafic cumulates) and reflect a younger, 
less altered surface layer. 

These observations suggest that the apparent migra-
tion of volcanism across Tharsis observed in the surface 
ages from east to west is due to initial widespread vol-
canism with progressively greater confinement of the 
volcanism to the western margin of Tharsis. The pattern 
of volcanism also transitioned from voluminous large 
wavelength scale (1000’s km) plateau building in the 
Noachian, to small wavelength scale (100’s km) shield 
building by the Amazonian, perhaps reflecting the 
changing response of the lithosphere to volcanic loads 
[13, 14]. This is consistent with high heat flow early in 
the planet’s history with a rapid decline by the end of the 
Noachian (e.g. [15]). This conclusion, bolstered by the 
fact that bottom loading was found not to be of any sig-
nificance (Table 1), supports the paradigm of Tharsis 
being largely a constructional feature resulting from ex-
ternal loading by volcanics at or near the surface. 

 
TABLE 1. SUMMARY OF ADMITTANCE RESULTSa

Region Te (km) ρs (g•cm-3) Fc

Thaumasiab 72 2410 0.0 

West Tharsis 39 3200 0.0 

Olympus Mons 111 3090 0.0 
a  Crust thickness is held fixed at 50 km. 
b Model uses two-layered crust.  Upper crust thickness fixed 

at 3 km and the lower crust density 2900 kg m-3. 
c Ratio of bottom to top loading, F = 0 is top loading only. 
 

References: [1] Scott D. H. and Tanaka K. L. (1986) 
USGS Misc. Inv. Series Map, I-1082-A. [2] Zuber M. T. 
et al. (2000) Science, 287, 1788-1793. [3] Banerdt B. W. 
et al. (1992) in Mars, 249–297. [4] Phillips, R. J. t al. 
(2001) Science, 291, 2587-2591. [5] Smith D. E. et al. 
(1999) Science, 284, 1495-1503. [6] Williams, J. -P. et 
al. (2003) 2nd Conf. Early Mars, Abstract #8054. [7] 
McGovern P. J. et al. (2004) JGR, 109, doi: 
10.1029/2004JE002286. [8] McKenzie D. et al. (2002) 
EPSL, 195, 1-16. [9] Nimmo F. (2002) JGR, 107, 
doi:10.1029/ 2000JE001488. [10] Banerdt, B. W. and M. 
P. Golombek (2000) LPSC XXXI Abstract #2038. [11] 
Johnson C. L. and R. J. Phillips (2005) EPSL 230 241-
254. [12] Lodders K. (1998) Meteor. Planet. Sci., 33 
A183-A190. [13] McGovern P. J. and S. C. Solomon 
(1993) JGR 98 23,553-23,579. [14] McGovern P. J. and 
S. C. Solomon (1998) JGR 103 11,071-11,101. [15] Wil-
liams J.–P. and F. Nimmo (2004) Geology 32, 97-100. 

Lunar and Planetary Science XXXVII (2006) 2364.pdf


