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Introduction:  The very first image of Mars ac-

quired by the High Resolution Imaging Science Exper-
iment (HiRISE) camera was of a wrinkle ridge in Bos-
poros Planum. At the time, the study of martian struc-
ture and tectonics was largely focused on the mor-
phometry of large-scale features such as wrinkle 
ridges, graben and the troughs of Valles Marineris. 
This first HiRISE image of the martian surface herald-
ed the start of a new scale of exploration of the planet’s 
near surface structure. No longer were studies limited 
to large geomorphic features. Studies could now be 
undertaken of these landforms’ internal architecture – 
the spatial and temporal relationships between constit-
uent faults and folds and, importantly, the interdepend-
encies between deformation and existing stratigraphy 
and syndeformational sedimentation. Our understand-
ing of the planet’s structure and tectonic processes has 
evolved greatly in the seven years since the last Inter-
national Conference on Mars. There are many great 
examples of substantive progress in studies of martian 
tectonics. This abstract provides a synthesis of the ad-
vances that have been made in understanding the struc-
ture and stratigraphy of west Candor Chasma. 

Previous work:  An early issue for studies of Val-
les Marineris’ tectonic history was the relative age of 
the chasma and the layered deposits within them. Evi-
dence was presented arguing that the chasmata formed 
through down cutting into a Noachian-aged bedrock of 
“interior layered deposits” (ILD) and its Hesperian-
aged cover of plains materials; thus the ILD predated 
the chasmata [1-3]. Alternative lines of reasoning sug-
gested that deposition of the ILD was contemporane-
ous with and persisted after formation of the chamsa 
[4-8].  Moreover, numerous interpretations were pro-
posed for the origin of the ILD. These deposits have 
been variously interpreted as eolian sediments, hyalo-
clastic debris, lacustrine or fluvial sediment, pyroclas-
tic deposits, evaporites, or combinations thereof [8-13]. 

Recent work: The ILD can be broadly divided into 
two units, each with a distinct facies. An older massive 
unit comprises the bulk of the mensae within Candor 
Chasma. This unit is overlain by a younger unit con-
sisting of well defined, 1 to 5 m thick layers.  

Analysis of multi- and hyper-spectral data, includ-
ing those from the Compact Reconnaissance Imaging 
Spectrometer for Mars (CRISM) has revealed that the 
ILD in west Candor Chasma consists primarily of hy-
drated sulfates [13-16]. The older unit is generally 
composed of monohydrated sulfates and the younger 

unit consists of polyhydrated sulfates [17]. 
Coanalyses of HiRISE, CRISM, Context Camera 

(CTX), and High Resolution Stereo Camera (HRSC) 
data have provided evidence that these older and 
younger ILD units record a substantial change in depo-
sitional environment. The older unit was deposited in a 
subaqueous environment, contemporaneous with for-
mation of Candor Chasma. The younger unit was later 
deposited in a subaerial environment, where spring-fed 
lakes and snowmelt may have helped to trap sediment 
and drive sulfate formation [17,18]. 

High-resolution mapping:  Novel insight into the 
structure and stratigraphy of the layered and stratified 
sedimentary rocks that comprise the younger ILD unit 
is being gained through large-scale mapping based on 
HiRISE digital elevation models (DEMs). These 
DEMs are typically generated with 1 m per post spac-
ing, enabling detailed measurements of structural ori-
entations and cross-cutting relationships.  

HiRISE DEMs and their corresponding orthorecti-
fied images were first used to map the structure of the 
sedimentary rocks in the far southwest corner of west 
Candor Chasma [19,20]. This investigation revealed 
that the local sediments were deformed by numerous 
faults and folds. Yet, despite being located on the pre-
dicted locations of normal faults related to formation 
of the chasma [21], no evidence of chasma-related 
faults were found. Instead, the majority of the observed 
deformation was interpreted to be the result of slope 
failure and landsliding of the sedimentary rocks. In 
areas of minimal deformation, the sedimentary rocks 
were found to generally dip gently toward the center of 
Candor Chasma. These findings provide compelling 
evidence that these sedimentary rocks accumulated 
within the pre-existing basin of west Candor Chasma 
after local chasma-related faulting had ceased. 

Subsequent high-resolution mapping has incorpo-
rated a geologic mapping component with the structur-
al analyses. The first of these maps is currently in press 
as a USGS Scientific Investigations Map. This map 
focuses on the sedimentary rocks within the Candor 
Colles region of west Candor Chasma. High-resolution 
structural and geologic mapping is also being submit-
ted in three other areas in west Candor Chasma, west 
Nia Tholus, northwest Ceti Mensa, and eastern Candor 
Sulci.  

Taken together, these high-resolution maps yield 
significant insight into the geologic history of west 
Candor Chasma, including the following: 

1086.pdfEighth International Conference on Mars (2014)



1) The geologic units of [6] in this area are revised, 
yielding a stratigraphy that reflects episodic accumula-
tion and erosion of the layered deposits as basin-filling 
sediments in a subaerial depositional environment. 

2) The revised geologic units integrate many previ-
ously-identified units that were interpreted to be spa-
tially- and temporally-disparate by [6]. 

3) No evidence of chasma-related faults [21] is ob-
served in these map areas. Thus the local sediments 
post-date formation of the chasma. 

4) Evidence of landsliding within the sedimentary 
rocks is observed in all four map areas. Landslide 
morphology suggests that the sediments were poorly 
lithified and water saturated at the time of failure.  

5) The Candor Colles are identified to be injectite 
megapipes – structures that form through liquefaction 
and vertical migration of clastic sediments. The for-
mation of these injectites, and other soft-sediment de-
formation, indicate that the sediments were unconsoli-
dated and water saturated at the time of deformation. 
This soft-sediment deformation occurred in response to 
the aforementioned landsliding of the sediments. 

6) Past erosion of the layered deposits, between ep-
isodes of deposition, appear to have been dominated by 
eolian processes and resulted in past landforms that 
mimic those observed in the present day – such as the 
moat between Ceti Mensa and the chasma walls 

7) Previous interpretations that the sedimentary 
rocks accumulated in a sabkha-like environment are 
strongly supported by evidence of low energy erosion-
al and depositional environments and characteristic 
structures related to soft-sediment deformation. 

Though insightful, the mapping results from these 
relatively small areas in west Candor Chasma offer 
only a glimpse into the broader geologic history of the 
sedimentary rocks in Valles Marineris. In order to real-
ize the full potential that current datasets have for un-
raveling the geologic history of Valles Marineris, addi-
tional high-resolution mapping must be undertaken in 
other chasmata.  

Future mapping and analytical efforts will extend 
into adjacent regions of east Candor Chasma. East 
Candor Chasma has received relatively little attention 
with respect to post-Viking era mapping despite being 
physiographically comparable to west Candor Chasma 
and containing morphologically similar layered depos-
its. The maps of [6] identify many of the same geolog-
ic units in both the eastern and western parts of Candor 
Chasma. Thus many of the units observed in west 
Candor Chasma are expected in east Candor, and re-
sults from these mapping efforts can be used to devel-
op an integrated geologic history of Candor Chasma.  

Conclusions: The high spatial and spectral resolu-
tion data that are now available for Mars has helped to 

refine current understanding of the geologic history of 
west Candor Chasma and has helped to demonstrate 
the important roles that liquid water played in the evo-
lution of its sedimentary rocks. These analyses estab-
lish that the sedimentary rocks in west Candor Chasma 
accumulated during and after formation of the chasma. 
These analyses also show that these sediments accu-
mulated under several different subaqueous and 
subaerial depositional environments.  

Future mapping in east Candor Chasma will con-
tinue this line of investigation and yield more sophisti-
cated map products, such as high-resolution mapping 
across multiple adjacent HiRISE and CTX stereo ob-
servations. Such mapping and structural analyses are 
approaching the level of detail, complexity, and insight 
provided by terrestrial geologic maps and in situ field 
observations. Thus we can continue to expect many 
more substantive advancements in our understanding 
of Mars’ geologic history. These efforts rely on con-
tinued, focused data collection in Valles Marineris and 
other regions of high-priority science (landing sites, 
areas of water-related alteration and sedimentation). 

The results discussed here point to new and more 
rigorous approaches that are now possible for studying 
Valles Marineris and other tectonic features on Mars. 
Studies of martian “tectonics” need to acknowledge 
and explore the intrinsic interdependence of structural 
and stratigraphic processes in tectonic systems. Fur-
ther, given that the provenance of the sediments within 
Valles Marineris can be inferred though basin and fa-
cies analyses, the term “ILD” should be replaced with 
standard terminology for sedimentary rocks.  
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