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Introduction: Valles Marineris (VM) is ~4000 km 

long, ~200 km wide and ~10 km deep feature on the 

surface of Mars, whose formation is possibly occurred 

through millions of years [1]. Studies suggest that the 

main trough opening took place in late Noachian to 

early Hesperian period by relating it with the Tharsis 

rise event [2,3]. The VM province includes deep chas-

matas, grabens, pits, coalesced pits, pit chains, elongat-

ed troughs, interior layered deposits and landslides. 

However, the regional geomorphology of the plateau 

surrounding the VM region are dominated by grabens, 

and pits, which are likely considered as primordial fea-

tures for the trough formation [4][5]. In VM region, 

grabens probably formed during Late Noachian to Ear-

ly Hesperian along VM length [3]. Pits or pit craters 

are generally circular to elliptical depressions, which 

frequently observed to lie along and within the graben 

and parallel to border faults, possibly shaped by tecton-

ics or volcanism [6]. Pits suggested to appear as some 

of the youngest features on Mars [6]. They enlarge by 

collapse and later coalesce to form linear features such 

as troughs [4][5]. Presence of grabens, pits, and 

troughs on the exterior region of VM could be one pos-

sible indicator to understand the development of VM. 

[2] suggested that the age of the VM troughs and 

the canyon is difficult to determine. From this an out-

standing scientific question regarding VM is, till what 

period the formation of VM continued over its termini. 

Also, if it had undergone development, then which 

region of VM have changed, and how their formation 

varies spatially as well as temporally. In this study we 

focus on the geological activities (grabens and pits) 

which played a role in the modification/development of 

VM termini region. To decipher this we used the cra-

Figure 1: a) Color shaded MOLA topography relief map of VM region, with distribution of craters within ~100 

km vicinity. Location of 1516 craters and amongst them 48 craters chosen are highlighted. b) Pit formation over 

the eastern rim of crater C6, from CTX images. c) ~15 km wide catena crosscutting the Pital crater rim, several 

pit chains evident over the floor and rim, image is from MCC MOM d) Troughs crosscutting the rim of crater 

C10, from THEMIS image. e) Crater chronology derived model ages for craters C6, C10, C21, Pital, and lobe 

deposit suggest wide epoch. (E- ejecta, P- pit, G- graben, T- trough, L- lobe) 
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ters associated with these features along with the su-

perposition/crosscutting relationship and chronology.  

Data and Method: For the morphological analysis 

we used Context camera (CTX) images at 6 m/pixel on 

board Mars Reconnaissance Orbiter (MRO). We used 

ortho projected daytime infrared (IR) and night-time IR 

mosaics of THEMIS (Thermal Emission Imaging Sys-

tem) at 100 m/pixel scale on board Mars Odyssey 

(MO). We also used MCC (Mars Color Camera) imag-

es at ~20 m/pixel on board Mars Orbiter Mission 

(MOM). In parallel, for the topographic analyses we 

used individual altimetry readings of Precision Exper-

iment Data Record (PEDR) products and DEM mosaic 

of Mars Orbiter Laser Altimeter (MOLA) data at ~463 

m scale from Mars Global Surveyor (MGS). 

Craters are selected based on the following criteria: 

(1) we scouted craters lying within ~100 km vicinity 

from the boundary of VM  and in total we found ~1516 

craters, (2) we observed 1228 craters with diameter < 3 

km are not having discernible ejecta. Also, for such 

small craters, area of the floor unit is not adequate 

enough for interpretation of age. Such craters are not 

selected, (3) We intend to select only those craters 

which exhibit clear association with grabens and pits 

(superposition or crosscutting relationship) like a) gra-

ben/pits superimpose/cuts the crater rim, b) graben/pits 

superimpose the crater ejecta, c) graben /pits within the 

crater and d) craters superimposing grabens/pits. From 

288 craters, 48 craters have a clear association with 

pits and/or grabens [Figure 1a]. For chronological 

study, we demarcated the crater ejecta/floor and count-

ed the superimposed craters over it. Using cumulative 

crater size-frequency distribution, we have calculated 

absolute ages for each in the Neukum system. 

Results and Discussion: In this study, we divided 

the VM regions into 3, based on their major regional 

names like 1) Tithonium region (TR), 2) Ophir region 

(OR), and 3) Coprates region (CR) [Figure 1a]. With-

in the ~100 km vicinity from VM wall, several grabens, 

pits, and troughs are observed. The geomorphological 

mapping and observations suggested their relative rela-

tionship with selected craters, which lead to distinguish 

them on the basis of their relative superposition with 

craters.  

The ages obtained provide the relative ages for gra-

bens, pits, and troughs which are possible representa-

tive of brief sequence for the developments in different 

parts of the VM region. For most of the craters grabens 

were observed to predate the craters. However, graben 

formation post-dated over couple of craters which dat-

ed around ~3.7 Ga like Perrotin crater. A recent study 

suggest evidence for graben formation around 3.5 Ga 

[7]. Regarding pits in Tithonium region, they post-date 

crater of age ~3.7 Ga [Figure 1b,e]. Whereas in Ophir 

region, pits post-date craters of age ~3.9 Ga as well as 

~3.4 Ga [Figure 1e]. This region is interestingly host-

ing 1) broad catena ~15 km wide cutting rim of Pital 

crater [Figure 1c] formed on or post to ~3.4 Ga [Fig-

ure 1e], which is in 1:10 ratio to the adjoining VM 

opening at Candor chasma, 2) lava-like lobe deposit 

associated to the catena emplaced over the Pital crater 

ejecta [8] tend to formed at ~1.3 Ga [Figure 1e], and 

3) ~2 km wide pit formed over this lobe deposit,  

which is one of the youngest pit formation around the 

VM termini. Regarding the collapsed elongated 

troughs, they are predominantly observed over the Ti-

thonium region [Figure 1d]. They post-date two cra-

ters of age ~3.7 Ga. Over this region, troughs dissected 

the crater rim at multiple places and maximum width of 

trough observed is ~10 km. Ages of these 48 craters 

vary from ~0.2 to 3.9 Ga with 22 craters having age > 

3 Ga. 

Conclusions: Crater chronology derived modelled 

ages and geomorphological analysis from such repre-

sentative craters reveals diverse activities in VM re-

gion: 1) graben activity observed during post Early 

Hesperian epoch, 2) pit formation shows a diverse ac-

tivity, especially pits in Ophir region provide evidence 

for activities post to Mid-Amazonian epoch and 3) 

trough formation also provide evidence for post-dated 

Noachian/Hesperian boundary. This study revealed that 

the plausible period and extent of grabens, pits, and 

troughs activities widely vary over the VM, and indi-

cates they differs over regions spatially and temporally 

as well. 
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