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      Introduction: Explosive volcanism is a crucial 
geologic process in the Solar System, but remains 
widely underappreciated because it does not produce 
well defined, mappable lava flows as effusive vents do.  
Extensive layered, easily eroded and seemingly fine-
grained deposits common in ancient terrains have been 
suggested as having an explosive volcanic origin [1-4]. 
The interaction between water and these highly reac-
tive explosive fragments could have been a common 
theme in ancient surface processes and chemical altera-
tion [5]. The identification of allophane and imogolite, 
the typical products of altered volcanic ash on Earth 
[6] within the compositional sequences in the, Mawrth 
Vallis region, also suggests that vast areas could con-
tain altered ash deposits. 

However, a direct link of the relationship between 
ancient explosive eruptions and altered, fine grained 
layer rock (e.g., weathering sequences) on Mars is still 
missing, because without clear volcanic context, dis-
criminating volcaniclastic rocks from fluvial/aeolian 
deposits and impact ejecta at orbital scale remains a 
great challenge. Here, we present new evidence of pe-
dogenic weathering sequences developed in explosive 
volcanic edifices in Thasumia planum (Fig. 1a), east of 
Tharsis province, one of the oldest regions on Mars. 

Results:  Two likely volcanic edifices were identi-
fied in Coprates Rise, the east part of Thasumia 
planum. Volcano 1 is a large structure with dimensions 
150 km north-south and 90 km west-east located at 
300.4 E, -18 N (Fig. 1b and 1c). The complex, which 
reaches a maximum height ~ 2 km above surrounding 
plains, contains a near-circular possible caldera. Vol-
cano 1 covers an area of ~ 8967 km2. Volcano 2, locat-
ed at 299.7 E, -20.37 N, reaches 1 km elevation above 
the surrounding plains and has dimensions 60 km 
north-south and 30 km west-east (Fig. 1d). These two 
volcano edifices were heavily modified by V-shaped 
valleys, impact craters and slumps. The numerous sin-
uous channels which radiate from the summit are strik-
ing features on the flanks of volcano 1 and volcano 2, 
and are reminiscent of similar patterns on other known 
volcanoes, such as Alba, Hecates and Ceraunius [7]. 

 Extracted CRISM spectra exhibit evidence for 
kaolinite and possible allophane and imogolite, and 
Fe/Mg clays (Fig. 1e). These light-toned deposits at 
volcano 1 show a clear vertical stratigraphic relation-
ship where the Al/Si materials overlay the Fe/Mg clays 
(Fig. 1d). 

Discussion:  The morphology of these two ancient 
volcanoes, including:  1)  radiated channels, 2) lack of 
lava flow morphology (e.g., lobes flow features), 3) 
low thermal inertia value, 4) lack of large boulders,  is 
different from the geomorphology of effusive volcanos 
on Mars, while is similar to old highland pateraes (e.g., 
Hadriaca, Tyrrhena, and Apollinaris Paterae). Those 
structures display easily erodible and very shallow 
flanks that were interpreted to be composed of airfall 
and pyroclastic-flow deposits [8-11]. This evidence 
strongly suggests the edifices are composed primarily 
of poorly consolidated materials, probably pyroclastics. 

The stratigraphy relationship of clays at Volcano 1 
consists of a lower Fe/Mg clays unit and an upper 
Al/Si materials unit, similar to the compositional stra-
tigraphy scattered the southern highland on Mars [12]. 
One leading hypothesis for the compositional stratig-
raphy is pedogenesis weathering, which is common on 
Earth and could strongly affect glassy, fine-grained 
deposits on Mars. 

The identification of pedogenesis weathering se-
quences in these two explosive volcanos on the ancient 
surface (probably >4.0 Ga) [13] provides a piece of 
evidence that allows us to understand both thermal and 
climate evolution as early as pre-Noachian and early 
Noachian. This region constitutes a significant and 
early portion of the Tharsis volcanic province, reveal-
ing the magmatic and tectonic evolution of Tharsis and 
the thermal evolution of early Mars [14-16]. Therefore, 
the explosive eruption of these two small volcanoes 
might provide clues about the initial eruption style of 
Tharsis, as well as early Mars. 

In addition, these ancient volcanos not only con-
tribute a large amount of fine particles to the upper 
crust but also are responsible for a significant transfer 
of volatile (e.g., H2O, CO2, SO2) from the interior to 
the surface and atmosphere of Mars [17], which plays 
a significant role in the climate evolution of early Mars 
[e.g., 18]. These highly reactive pyroclastic rocks and 
ash would be a kind of key parent rock of altered min-
erals under elevated temperature and atmospheric pres-
sure condition, feeding extensive hydrous minerals on 
early Mars. 

Conclusions: Compositional stratigraphy of clay 
deposits was discovered at volcanic edifices on Mars. 
The morphology, thermal inertia and proximity of al-
tered layered deposits of these two volcanic edifices 
are consistent with alteration of ash. Our results offer a 
temporal and contextual link between ancient pedogen-
ic weathering sequences and explosive volcanism on 
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Mars, which have a significant implication on the cli-
mate and thermal evolution of ancient Mars. 
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Figure 1. a) The geologic context of Thaumasia region. MOLA topographic data are draped over MOLA shade-
relief data. The geology of the Volcano 1 b) and Volcano 2 c). The CRISM mineral parameters maps (Fe/Mg clays 
in red, Al/Si materials in green and hydrous minerals in blue) overlaid the CTX images of volcano 1 d). Ratioed 
CRISM I/F spectra from two volcanos. 
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