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Introduction: Recent detections of phyllosilicate 

(clay) minerals in ancient terrains [1-3] have revolu-
tionized our understanding of early hydrothermal ac-
tivity on Mars. The spectral signatures of phyllosili-
cates are seen exclusively in Noachian-aged outcrops 
and not in Hesperian or Amazonian materials [1-3]. 
Phyllosilicates are inferred to have been widely em-
placed during a period of time (termed the “Phyl-
losian” in [2]), that overlaps with, but ends before the 
end of, the Noachian. Afterward, conditions (such as 
pH) changed such that phyllosilicate formation was 
inhibited; instead, materials such as sulfates were fa-
vored. The potential existence of extensive phyllosili-
cate deposits low in the stratigraphic column has 
enormous implications for the structural evolution of 
materials emplaced higher in the column. Clay layers 
are often zones of low strength, enabling enhanced 
deformation and slip in terrestrial settings, such as fault 
zones, accretionary wedges, and basal decollements 
beneath volcanoes [4-8]. The low hydraulic diffusivity 
of clays also makes lateral transport of pore water dif-
ficult, thus facilitating the buildup of high pore pres-
sures in a decollement [9-11]. 

Here we develop the idea that ancient phyllosilicate 
deposits, generated by vigorous hydrothermal activity 
early in Martian history [e.g., 12] and concentrated by 
sedimentary processes, may constitute decollement 
zones that facilitate movement and deformation of 
younger superposed structures, such as large volcanic 
edifices, wrinkle ridge provinces, and thrust belts.  

Flank Movements at Large Volcanic Edifices: 
The 23 km tall, 600 km wide Olympus Mons edifice 
exhibits several characteristics of volcanic spreading, 
including concave-upward lower flank topography, 
faulting (both extensional and compressional), and a 
large basal scarp, sectors of which constitute the head-
scarps of giant landslides (the Olympus Mons aure-
oles) [13-15]. These features have been attributed to 
motion along a basal decollement rooted in a thick 
basal clay layer [15]. The asymmetric distribution of 
topography and tectonics seen at the Olympus Mons 
edifice, scarp, and aureole described are best explained 
by a gradient in basal friction beneath the edifice, in-
creasing toward the southwest (e.g, with proximity to 
the Tharsis rise) [15]. Such a gradient is consistent 
with a decrease in sediment thickness with increasing 
elevation, as would be expected if sediments are trans-

ported from sources (highlands) to sinks (lowlands and  
basins). 

If Noachian sediments were distributed preferen-
tially in lowlands, then volcanoes at low basal eleva-
tions elsewhere on Mars are the most likely to have 
basal detachments. Large volcanoes in the lowlands 
are generally lacking, but Apollinaris Patera (AP), like 
Olympus Mons, is located at the highland-lowland 
transition. AP has several features consistent with 
Olympus Mons-style basal spreading: concave-up 
flank slopes and a partial basal escarpment with dis-
tributed broken-up terrain beneath and surrounding it 
(a potential aureole analog). AP is near the mouth of 
Ma’adim Valles, which may have yielded a large sup-
ply of sediments from the highlands to the base of AP. 
The Tharsis Tholus edifice northeast of Tharsis exhib-
its throughgoing faulting that has been attributed to 
deformation of a ductile basal layer [16]. The current 
basal elevation is ~+2 km, higher than that of our other 
examples, but estimates of 0.5-3.5 km of flank burial 
by voluminous lavas from higher on the Tharsis rise 
[16-17] imply a somewhat lower original base for 
Tharsis Tholus, consistent with a sediment-covered 
lowlands base and resulting decollement.  

Conversely, the bases of the Tharsis Montes are at 
very high elevations on the Tharsis Rise, and therefore 
unlikely to exhibit significant thicknesses of phyllosili-
cate sediment. This inference is consistent with the 
absence of spreading-related structures (scarps, aure-
oles); the abundant extensional features on these edi-
fices are likely to be related to intrusion [e.g., 18-19] 
rather than spreading. Similarly, highland paterae and 
shields are based at relatively high elevations, render-
ing them unlikely locations for large accumulations of 
sediment. The older ages of these structures relative to 
the Tharsis volcanoes also suggests that construction of 
edifices may have started well before the end of phyl-
losilicate production. 

Wrinkle Ridge Formation in Solis and Lunae 
Plana:  Narrow crenulated ridges with sinuous plan-
forms, called wrinkle ridges, deform volcanic plains 
units in many regions of Mars, but are particularly well 
expressed in the Solis Planum and Lunae Planum re-
gions east of Tharsis. While wrinkle ridges are uni-
formly recognized as manifestations of compression, 
the subsurface fault depth and geometry that produces 
the observed surface structures are controversial; both 
thick-skinned [e.g., 20] and thin-skinned [e.g., 21] 
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models have been proposed. In particular, a thin-
skinned model for Solis and Lunae Plana [21] postu-
lates a decollement at shallow depth (~4.5 km) that 
focuses deformation and produces the characteristic 
arches and wrinkles. We propose that overpressurized 
clay layers could provide such a decollement beneath 
volcanic plains regions like Solis and Lunae Plana.  

Thrust Belt Orogeny in Thaumasia: The Thau-
masia Region comprises a ring of elevated terrain of 
Hesperian and Noachian age to the south and east of 
central Tharsis. Scenarios for producing the elevated 
terrain include broad-scale thrusting and volcanism 
[e.g., 22]. The thrust belt scenarios require some sort of 
mechanically weak basement material. One scenario 
[23] invokes ductile deformation of evaporites (sulfate 
and other salts), consistent with potential salt tectonic 
features in Valles Marineris [24]. Under this scenario, 
proposed sulfate evaporites outcropping from layers in 
the walls of Valles Marineris are the local expression 
of massive and widespread evaporites underlying the 
whole of Solis Planum and the Thaumasia rises [23], 
allowing generation of the wrinkle ridges and fringing 
mountain belts in those regions, respectively.  

We argue that a clay-based overpressurized de-
collement is a more likely scenario for mobilizing 
compressional features within Thaumasia. The moun-
tainous rim of Thaumasia is among the oldest terrain 
associated with the margins of Tharsis, with ages 
spanning the Noachian and Early Hesperian [22]. The 
highest, oldest terrain dates from the mid-Noachian; 
thus, material beneath it must be comparably old or 
older. Our current understanding of hydrothermal sys-
tems on Mars [1-3] indicates that conditions favored 
phyllosilicate formation and prevented formation of 
sulfates during the required time (mid-Noachian or 
earlier). Thus, it is unlikely that sulfate evaporites are 
driving the formation of the margins of Thaumasia, 
and, similarly, hydrothermally altered materials at 
depths 5-15 km beneath the surface of Solis Planum 
are more likely to be materials produced during the 
early to mid-Noachian (clays) than later (sulfate-
containing  evaporites). Futhermore, salt beds are 
buoyant with respect to dense volcanic rocks; in tec-
tonically active systems, salt tends to ascend via 
diapiric instabilities and exploitation of faults as con-
duits [25-26], leading to an expectation of exposure of 
such materials at the surface above a pervasive and 
laterally extensive deposit. No such evidence is seen at 
the surface in Solis Planum or Thaumasia. 

Several objections to decollement-based deforma-
tion have been raised on the grounds of the purportedly 
unrealistic pore pressure magnitudes required for grav-
ity to move a wedge with such a low surface slope [23, 
27]. However, a number of accretionary wedges with 

high basal pore fluid pressures in sealed decollements 
(approaching lithostatic, or pore pressure/lithostatic 
pressure ratio λf ~ 1) occur on Earth, [e.g., 5]. Such a 
system accommodates gravitationally driven spreading 
along passive margins in the Niger Delta [e.g., 25, 28]. 
Furthermore, a pressurized decollement provides a 
natural source of water for formation of channels ob-
served on the outer margins of Thaumasia [29].  

Discussion: Vigorous hydrothermal circulation 
early in Martian history [12] likely accounts for the 
widespread evidence of phyllosilicates in Noachian 
terrains [1-3]. The implied abundance of water also 
suggests that erosional transport and deposition of 
phyllosilicates was vigorous in this epoch. Given that 
the Tharsis rise has been elevated since the early Noa-
chian [30], erosion should favor collection of Tharsis-
derived, clay-dominated sediments in the lower regions 
surrounding the rise. Thus, it is no surprise that a num-
ber of tectonic manifestations of stratigraphically low 
sediment-based decollements should occur in the re-
gions surrounding Tharsis. Clay sediments may play 
an important role in controlling the geologic and tec-
tonic history of the circum-Tharsis region, and other 
regions where topographic gradients favor accumula-
tion of sediments, such as the dichotomy boundary 
under Apollinaris Patera.  
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