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Introduction: The Arabia Terra region is one of the
oldest Martian landscapes, and shows evidence of pate-
rae eruptions similar to terrestrial supervolcanoes [1].
These potentially represent a new class of volcanism on
Mars [1]. The structures could be remnants of early, ex-
plosive-style volcanism on Mars, in contrast to the effu-
sive volcanism that dominated the landscape later in the
planet’s history [2]. As such, they hold great potential
to link Noachian-aged explosive volcanism to several
large-scale geologic events that resurfaced much of Ara-
bia Terra. However, it is unknown if the paterae-bearing
region is geochemically consistent with volcanism. Ge-
ochemical similarities between Arabia Terra and con-
temporaneous, Noachian-aged Martian volcanic and
sedimentary provinces could help identify if Arabia
Terra was once subject to super-volcanic eruptions. In
addition, if this region did host paterae volcanism, the
style of eruption can be examined from a geophysical
perspective. Further analysis of the Arabia Terra region
can lead to a greater understanding of the planet’s geo-
logic evolution and provide insight into the early surface
conditions on Mars.

In this study, gamma ray spectrometer (GRS) re-
gional geochemistry from the two delineated areas
within Arabia Terra, the supervolcanic context region
(SCR) and the broad-SCR [3], are compared to the con-
temporaneous Martian volcanic and sedimentary ana-
logs (fig. 1). Comparative analysis and interpretation of
regional geochemical trends serves to form a cohesive
narrative for the emplacement of the unique chemistry
observed within Northwest Arabia Terra. We also pre-
sent geophysical data derived from gravitational model-
ling based on observed topography. These results help
to bound the overall load density of SCR and its elastic
thickness, which can function as a proxy for thermal
flux.

Figure 1: Geologic map of Mars [5] with the geochemical
provinces from Taylor et al., 2010 overlain. The SCR and
broad SCR are shown along with the proposed paterae from
[1].. The black boxes outline our GRS delineations of our
comparative regions.

Methodology: The GRS suite [4] of chemical data,
with a focus on concentrations of K and Th, allows us
to examine the possibility of igneous activity (K, Th) as
well as possible aqueous alteration (K, Th) within a re-
gional Martian context [6,7]. The map by Tanaka et. al
[5] was used to identify contemporaneous volcanic sites
and major sedimentary provinces elsewhere on Mars.
The volcanic sites consist of Thaumasia Planum, Hes-
peria Planum and Apollinaris Mons and the sedimentary
provinces are Isidis, Argyre, Hellas and portions of
Eridania Planum to the East of Hellas. The basins were
chosen based on areal extent, to ensure reasonable
chemical coverage and contemporaneous age. Eridania
serves as a proxy for heavily eroded, fine-grained mate-
rial which was sourced from various provenances [5],
making it a useful chemical proxy for retaining eolian
fines. Using the coordinates of the outlined areas, chem-
ical data were compiled for all the sites and plotted in
bivariate space (K, Th) to examine regional trends
among all regions.
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Figure 2: Average K & Th values our selected Martian geologic features
in mg/kg. A linear average trendline is fitted to the data, and errors are
approximated for the averages in the upper left (square) and for the under-
lying data (circle).

For the geophysical analysis, we compute localized
correlations and admittance between gravity and topog-
raphy using a cap with a radius of 15° (centered on -
5°E,25°N) and a bandwidth of Lwin=30 for the localiza-
tion window [6]. We use a degree and order 150 expan-
sion of Mars’ gravity field [8]. We find correlations >
0.8 (corresponding to a signal-to-noise ratio better than
1.78 [6]) for spherical harmonics degrees > 77 for our
chosen localization. We thus use the degree range 77-
120 to fit theoretical admittance models that depend on
the following parameters: crustal density, load density,
crustal thickness, elastic thickness, load depth, and load
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ratio. We apply a straightforward grid search to find the
best-fit admittance models in this degree range, by com-
puting the theoretical admittance for each parameter
combination, and applying the same downward contin-
uation (to the average radius of the area of interest, 3390
km) and localization as we applied to the measured ad-
mittance.

Results: Among our reference regions, we observe the
highest average abundance of K and Th (Fig. 1) within
SCR, with the second highest average in Isidis. The
broad SCR is third in average abundance and Apolli-
naris Mons is fourth highest. Our remaining volcanic
and sedimentary regions show very low averages in K
and Th, which is consistent with prior findings for the
chemistry of Noachian volcanics [9]. The overall dis-
persion of K and Th values differs greatly between SCR
and Isidis, despite their similar average values. In fact,
Isidis’ dispersion of K and Th values spans almost the
entire range of measured K and Th abundances. Overall,
there isn’t much deviation from the linear trend fitted to
the data from the majority of our analyzed regions, ex-
cluding Hellas and Eridania.

For our geophysical modelling results, we show the
best-fit admittance model in Fig. 3A, which has a root-
mean-square (RMS) of the misfit between the theoreti-
cal model and measured admittance of 1.34 mGal/km
for the degree range 77-120. The error bounds on the
admittance shown in Fig. 3A are computed from the re-
lationship between admittance variance and correlation
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[6]. Using the parameters from the collection of models
that fit the admittance within two times the best-fit
RMS, we investigate the spread in the parameter values
to establish which parameters can be constrained. We
find that the parameters that are best-constrained are the
load density and elastic thickness. The overall density
of SCR is consistent with pyroclastic-rich material [9]
compared to that of unaltered Martian basalt [10]. The
elastic thickness appears well-constrained, and the
resulting values are low.
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Discussion: K and Th abundances within SCR, are
broadly inconsistent with aqueous alteration. If SCR
functioned as a floodplain [11], or was subject to ubiq-
uitous fluvial activity within the Noachian [12], then Th
would become increasingly fractionated from K, result-
ing in a high K/Th ratio and a low Th abundance [7],
which isn’t observed. SCR also shows similar K and Th
values to that of Isidis, whose impact-formed history re-
sulted in km-scale thick olivine layers, that have re-
mained relatively unaltered through time [13,14]. These
olivine layers likely formed as a result of the initial im-
pact, but subsequent, post-impact magmatism likely
contributed to the wide range of K and Th values ob-
served for Isidis [14]. Therefore, we interpret the simi-
larity in K and Th values between Isidis and SCR as in-
dicative of igneous processes, and as evidence against a
narrative of aqueous activity emplacing a unique chem-
istry within SCR.

If volcanic eruptions of fine-grained material are re-
sponsible for the unique chemical signature we observe
within SCR, then we expect the overall density of the
area to be lower than that of volcanoes which erupt ef-
fusively. We observe a load density within the range of
1700-1900 kg/m?, which is consistent with pyroclastic
material on Mars [15]. Furthermore, this density is sim-
ilar to that of the MFF, which has been interpreted to
have been emplaced through pyroclastic eruptions.
Since we observe a strong correlation between the to-
pography within SCR and a low elastic thickness value,
we can also comment on a higher thermal state contrib-
uting to supervolcanic eruptions in Arabia. These re-
sults, coupled with our geochemical observations, sup-
port a narrative that diverges from a history of aqueous
alteration. Instead, this narrative supports a sequence of
supervolcanic eruptions, capable of resurfacing much of
northwestern Arabia, which postdate the period of flu-
vial activity in the region.
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