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Introduction:  The Elysium planitia volcanic 

province, located in the northern lowlands of Mars, 
consists of numerous late Amazonian (<100 Ma) 
overlapping, extensive (>1000 km) lava flow units [1] 
(Fig. 1). Recent orbital investigations have reported the 
presence of a 50- to 200-ka old, 40-km diameter 
pyroclastic deposit at the center of the planitia, 
emanating from the giant Cerberus Fossae fissure 
system, making it the youngest volcanic product on the 
planet [5]. InSight seismic measurements have further 
shown that Elysium planitia is presently tectonically 
active. Strong marsquakes (Mw>3) are occurring in the 
Cerberus Fossae region [6] and are thought to be 
associated with normal faulting and magmatism [7]. 

Limited geodynamic settings can lead to present-day 
volcanism, including partial melting below a thickened 
crust, small scale mantle-convection, or a mantle plume 
[8]. Gravity and topography inversions, however, 
predict the crust to be locally thinner than the global 
average beneath Elysium planitia [9]. Although Elysium 
Mons stands on a thickened crust, the shield volcano is 
covered by older Amazonian–Hesperian (~3.0 Ga) 
flows [2], such that the present-day activity at Cerberus 
Fossae is not likely the simple byproduct of ongoing 
shield volcanism. The long runout distance and 
enormous volume of the observed flows also seem 
inconsistent with small-scale or edge driven convection, 
which generally predict low volumes of melts [10]. 
Mantle plumes can form at present-day, but have been, 

so far, only considered underneath the Tharsis province 
[8]. Here, we use orbital data to explore the possibility 
that the present-day global focusing of volcanic and 
seismic activity at Elysium planitia is due to the 
presence of an active mantle plume.  

Observations: On Earth, surface uplift is used as a 
characteristic indicator of mantle plume activity [11], 
with typical uplifts of 1 to 2 km over thousands of 
kilometer length scales [12]. Uplift occurs when a 
buoyant mantle plume-head impinges the base of the 
lithosphere, and the deformation depends upon the 
plume-head temperature and shape, and the lithospheric 
strength [11]. Interestingly, Elysium planitia is 
expressed as a broad plain (~2500×3000 km) elevated 
about 1 km above the surroundings (Fig. 1) and has the 
highest elevation of the northern lowlands (excluding 
Elysium Mons and the north polar cap). The dimensions 
and elevation of this region are both reminiscent of large 
mantle plume uplifts as observed on Earth [11, 12]. 

Tectonic evidence also supports the possibility of an 
active mantle plume. Strains on a cooling Mars are 
expected to be largely compressional, as indicated by 
abundant wrinkle ridges [3]. Elysium planitia is 
characterized by both older wrinkle ridges and an active 
giant fissure system [6]. This suggests a compressional 
stress field in the past which recently transitioned to 
large-scale tensile stresses, in excess of the compression 
generated by planetary contraction. Current mantle 
plume-driven surface uplift at Elysium planitia would 
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Figure 1. (left) Geoid-referenced elevation of Elysium planitia overlaid by the late Amazonian volcanic units, extensional 
tectonic features, and iron concentration [2, 3, 4]. (right) Predicted relative plume-induced uplift. 
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be consistent with this recent transition to strong tensile 
stresses there, which otherwise lack explanation.  

The presence of a mantle plume is generally 
associated with a gravity anomaly. On Venus, some 
positive gravity anomalies have been interpreted as 
being due to mantle plumes, where the gravitational 
signature of the mantle-driven uplift overcomes that 
associated with the low-density plume-head [13]. On 
Mercury, several large topographic rises are  thought to 
be supported by deep density anomalies, as evident from 
admittance analyses [14].  

Surface composition can also help with 
characterizing the magmatic source. Elysium planitia 
has the strongest iron concentration on the planet 
(Fe>18 wt%), 30% larger than for similarly aged 
volcanic units and than the basaltic Shergottites [4], and 
is also largely depleted in incompatible elements (Th, 
K). Although weathering and aqueous alteration can 
affect the surface composition, the limited extent of 
outflow channels [1] and the clear spatial correlation 
between the Amazonian units, iron, and incompatible 
element contents [4] (Fig. 1), suggests a primary crustal 
origin. Plume-induced continental flood basalts display 
similar characteristics, in which large degrees of 
melting produce iron-rich depleted basalts [11].  

Methods: We investigate whether the presence of a 
mantle plume could be responsible for the observed 
topography and gravity field of Elysium planitia using a 
thin-shell model [15]. To model this process, a circular 
density anomaly is placed at the base of the lithosphere 
resulting in dynamic topography. The elastic thickness 
of the lithosphere, and the density contrast, thickness, 
and radius of the plume-head are varied in order to 
match the planitia’s signature.  

Interpreting the gravity field of Mars is complicated 
by the long-wavelength signatures of the Tharsis and 
Elysium provinces. To partially mitigate the 
contribution of Tharsis and Elysium, our model results 
are compared to observations using  north-south 
transects averaged between 169.5 and 173.5°E (Fig. 1). 
These profiles are parallel to and thus relatively 
unaffected by, the local Tharsis trough. An east-west 
profile is also used to compare elevation data (Fig. 1).  

Results and discussion: Our best-fitting plume-
head is 3500-km across, 200-km thick, and is located at 
the base of a 150-km thick elastic lithosphere. The 
plume-head has a best-fit density contrast of -25 kg m-3 
(DT ~215 K) and location of 165°E 7.5°N, which is at 
the center of Cerberus Fossae and where most 
marsquakes have been located by InSight [6].  

This model reproduces the broad 1-km elevation of 
Elysium planitia (Fig. 1 and 2), as well as the gravity 
field, which displays a long-wavelength ~60 mGals 

increase equatorward of 30°N (Fig. 2). All inferred 
parameters are consistent with typical mantle plume 
heads on Earth, which have temperature contrasts of 
100–400 K and aspect ratios of 5–10% [11]. 

Conclusions: Elysium planitia is known to be 
presently tectonically active and recently (and perhaps 
currently) volcanically active [2,3]. Here we show that 
the planitia is also uniquely characterized by its surface 
composition and elevated topography, which are both 
reminiscent of large igneous province and mantle 
plumes on Earth [11].  

Using a thin-shell loading model, we demonstrate 
that both the regional gravity field and topography are 
consistent with the presence of a large buoyant mantle 
plume, located at the base of the lithosphere and 
centered on Cerberus Fossae. The mantle plume would 
be responsible for the regional volcano-tectonic activity 
in Elysium planitia, and its presence suggests that 
significant geodynamic processes are still affecting the 
Martian interior. 
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Figure 2. Plume model (dashed) fit to the observed 
(solid) gravity field (top) and topography (bottom) 
using the  north-south profile shown in Figure 1.  
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