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Introduction:  The distribution and actions of 

groundwater are important constraints on Mars’ geo-

logic history, and much work has focused on the 

Valles Marineris (VM) and the origin of its interior 

deposits. Light-toned ridges (kilometer-length) with 

light-toned haloes (meters-width) cut VM interior de-

posits [1,2], and are interpreted as fractures and fault 

zones that were bleached and hardened by flowing 

groundwater. Similar ridges, much larger and longer, 

are present on the walls of the VM, extending the 

traces of graben-forming faults on the adjacent plains 

[3]. These fault-continuation ridges (FCR) are also 

interpreted as hardened by water flow, and indicate 

extensive groundwater flow in the VM area.  

Geology: Plateaus near the VM are cut by graben 

[3], many of which intersect the edges of the VM. 

Traces of some graben-bounding faults can be fol-

lowed onto the VM walls as ‘fault-continuation 

ridges,’ or FCR (Fig. 1) [3,4,5]. As with graben-

forming faults, FCR are commonly paired and show en 

echelon offsets. FCR appear related to faults of set V 

[4], of late Hesperian - early Amazonian age.  

FCR are found throughout the VM, and may be (or 

may follow) significant controls on the topography of 

the VM. The western boundary between Ophir and 

western Candor Chasmata is a pair of FCR emanating 

from Candor Labes (Figs. 1,2), and the boundary be-

tween Candor and Melas Chasmata is a complex of 

FCR emanating from Tithonium Mensa and Ophir 

Planum (Fig. 3). The NW rim of Coprates Chasma 

follows an arcuate set of graben-forming faults, 

marked in places by FCR. Some ridges within 

Coprates Chasma are supported by FCR, or by paired 

ridges like FCR (e.g., Themis V14382003, 

V14432002, V15680002). 

We examined the Candor Labes FCR in detail 

(Figs. 1, 2). These FCR can be traced for ~100 km, 

from the plateau surface at ~+5 km elevation eastward 

down the VM walls to ~0 km elevation. The north and 

south FCR at Candor Labes approach each other with 

depth, implying that they dip at ~60º, consistent with 

exposed fault traces of other graben [6]. The FCR 

merge at ~3 km below the plateau surface, consistent 

with initiation depths of graben-bounding faults [7]. 

Surfaces at FCR crests are as bright or brighter (higher 

albedo) than their surroundings (Fig. 2) 

Formation:  FCR are unusual because eroded fault 

planes are usually expressed as swales or valleys. Rock 

in and near fault zones is more broken and thus more 

easily eroded than its surroundings. So, FCR must 

form by hardening or cementation of fault zones 

[1,2,8]. Possible explanations include igneous intrusion 

(dikes), mineral deposition and alteration by either 

hydrothermal (hot) water or (cool) groundwater. The 

igneous intrusion hypothesis is unlikely to explain the 

light-colored rock in the FCR (Fig. 2).  

The other hypotheses, hydrothermal and groundwa-

ter deposition, involve aqueous fluids, which can flow 

in fault zones, bleach surrounding rocks, and produce 

abundant light-colored mineral deposits (e.g., carbon-

Figure 1. Fault continuation ridges (FCR) between Ophir 

and W. Candor Chasmata, marked by arrows. Image center 

near 5.0°S, 286.7°E. Graben on plateau of Candor Labes to 

left – their bounding faults connect to ridges along the , 

North is up. VO 915A11, red filter.  

 

 
Figure 2. FCR (arrows), western end of Candor Labes FCR 

(Fig. 1). HRSC composite image, center at 4.86°S, 

286.24°E, north to top, ‘Mars-like’ color. Northern FCR 

starts plateau level; southern FCR has light tone (high al-
bedo). From HRSCview [9]. 
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ates, sulfates, silica, some clays) [8]. The reasoning of 

[1,2] also applies here – the hardening and light tones 

of FCR are most likely caused by flow of liquid water. 

For the FCR, it seems that groundwater is more 

likely than hydrothermal fluid as the cementing whit-

ening agent. We infer this for FCR because their fault 

zones were hardened both above and below the current 

graben floors (Fig. 2). So, hardening must have begun 

before significant fault movement and continued 

throughout its motion – otherwise, fault zones would 

not have been hardened above the graben floors and 

FCR would not extend up to the plateau surface. (This 

assumes that the graben were never filled and then re-

exhumed. Only graben on southern Ophir Planum ap-

pear to be partially filled, but there is abundant evi-

dence for exhumation across Mars, e.g., [10]).  Contin-

ued fault motion would tend to break earlier-hardened 

material, so hardening would need to continue 

throughout the time when the faults moved. It is not 

clear that hydrothermal systems could operate over the 

whole active lifetimes of these graben-forming faults, 

nor over their lengths of >100-km.   

Age:  The FCR described here are associated with 

graben-forming faults of set V [4], interpreted to be 

late Hesperian - early Amazonian. These faults (and 

graben) are clearly older than much of the VM, as they 

are truncated by the VM walls (e.g., Figs 1,3). The 

graben-forming faults are older than the VM interior 

deposits (ID), because the interior deposits are not cut 

or displaced by those faults. Similarly, FCR exposed 

on basement hillocks in the VM are overlain by inte-

rior deposits (Fig. 4).  

Thus, the FCR described here are not contempora-

neous with the hardened, light-tone ridges in the inte-

rior deposits [1,2]. Those ridges cut, and so must post-

date, VM interior deposits in West Candor Chasma, 

while FCR are older than the interior deposits.    

Interpretation:  From the results of [1,2] and those 

here, it appears that groundwater was present, flowing, 

and chemically active in at least two episodes in the 

VM area since the late Hersperian. It would be very 

interesting to acquire NIR reflectance data on the light-

colored FCR, to see if they contain sulfates as do the 

VM interior layered deposits [11] and thus help con-

strain the long-term evolution of Martian groundwater.   
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Figure 4. Hillock in E. Candor Chasma, surmounted by 

paired light-tone ridges (arrows) interpreted as FCR. HRSC 

nadir-pointing image, center at 7.19°S, 288.36°E, north to 

top. Ridges and hillock are overlain by VM interior depos-
its (ID), lightest tone material to east. From HRSCview [9]. 

 
Figure 3. FCR (arrows) between W. Candor and Melas 

Chasmata. HRSC composite image, center at 7.90°S, 

285.61°E, north to top, ‘Mars-like’ color. FCR extend east 

from graben on Tithonium Mensa, marking a long complex 
ridge system. From HRSCview [9]. 
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