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Introduction: Long-lived hydrothermal systems are 
prime targets for astrobiological exploration on Mars. 
The two necessary ingredients for hydrothermal 
circulation, groundwater (even if of cryospheric 
provenance) and a heat source, were readily available 
on Mars during the Noachian eon [4.1 – 3.7 Ga ago]. 
Hydrothermal systems enabled by impact events and 
magmatism have been identified on Mars. However, 
most inferred hydrothermal processes are localized or 
sporadic. Even local hydrothermalism at massive 
impacts like Hellas may have subsided in <10 Ma (1).  

The Ga half-lives of key heat-producing elements 
(HPE)  (e.g., 238U, 235U, 232Th, and 40K) enable 
radiogenic heat-driven hydrothermal systems to survive 
orders of magnitude longer (100 – 1000 Ma) than 
alternatives (2). Here we describe terrestrial examples 
of radiogenic heat-driven hydrothermal system and their 
potential analog on Mars.  
Terrestrial Analog: The Paleozoic Mt. Gee-Mt. 
Painter system in the Northern Flinders region of South 
Australia (MGPS) is the first described example of an 
ancient (Paleozoic) continental surface hydrothermal 
system where the energy is provided by increased 
regional heat flow related to high U-Th-K contents of 
locally abundant (Meso-proterozoic) granitoids (3). The 
small-scale hydrothermal activity that persists to this 
day (300 Ma later) demonstrate the longevity of this 
system in Paralana Hot Springs, where the temperature 
of surface fluids exceed 65o C (4). The exceptional 
preservation of the MGPS likely resulted from the lack 
of proximal volcanism. A similar radiogenic heat-driven 
hydrothermal site exists in and around the Idaho 
Batholith (5). While terrestrial radiogenic heat-driven 
hydrothermal systems are primarily felsic in lithology, 
areas similarly enriched in HPE on Mars could have 
similarly prolonged hydrothermal circulation. 
Radiogenic heat-driven hydrothermal systems are 
particularly feasible on Mars because due to their 
incompatible nature, approximately half of the bulk 
HPE is inferred to have been fractionated into the crust 
(6).   

Martian Radiogenic Hydrothermal System: The 
Eridania basin on Mars comprises connected quasi-
circular basins, which potentially originated as 
Noachian impacts (Fig. 1). The mineralogy, geology, 
and spatial context of the most ancient strata within 
Eridania suggest their formation in a deep water 

hydrothermal setting (7). The body of water in Eridania 
has been suggested to be ~21x 104 km3, larger than the 
largest landlocked lake or sea on Earth (Caspian Sea) by 
a factor of 3. Eridania and the surrounding regions have 
the highest abundance of Th, K, and cosmochemically 
equivalent U of any Noachian terrain (Fig. 1). By 
combining chemical maps with geophysical data of 
Mars, we have shown that the region surrounding 
Eridania had one of the highest crustal heat flows on 
Mars during the Noachian (8). Consequently, the 
shallow subsurface temperature at Eridania would have 
easily exceeded the temperature threshold required for 

hydrothermal systems. In the Eridania region, several 
large impact basins have prominent positive Bouguer 
gravity anomalies suggesting a lack of viscoelastic 
relaxation of the Moho topography(9). The lack of 
relaxation may be due to the crustal cooling by 
hydrothermal circulation, similar to the cooling of the 
oceanic and continental lithosphere by hydrothermal 
circulation on Earth (10–12). Field studies of terrestrial 
analogs, especially MGPS, are necessary to characterize 
the habitability and geologic evolution of  martian 
hydrothermalism. 
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Fig. 1. Contour map showing regions on Mars with Th 
and K enrichment. The contours show increasing 
enrichment of Th and K compared to the bulk-average of 
Mars. The background is a shaded relief of Mars’ 
topography and the black triangles show the location of 
Eridania basins.  
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