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Introduction:  Orcus Patera [Figure 1] is a unique 

closed depressed terrain present to the east of InSight 

(Interior Exploration using Seismic Investigations, 

Geodesy and Heat Transport) landing site in western 

Elysium Planitia, Mars [1]. Among several recent 

Marsquakes detected by the seismometer onboard In-

Sight, Marsquake of magnitude 3.3 [2, 3] has been 

reported from this region. While the region seems to be 

active, as evident from the recent quakes, the geologic 

origin of this closed depression has remained debatable 

to date. 

 

 
 

Figure 1: Thermal Emission Imaging System 

(THEMIS)-InfraRed (IR) Day Global Mosaic [4] 

showing the Orcus Patera region. The green broken 

line indicates the Orcus Patera rim. Red lines indicate 

the fossae in this region. 

 

Geological background: Several thoughts on its 

origin have been proposed by scientists. A volcanic 

caldera, an oblique impact crater, or erosion of several 

aligned impact craters was suggested by the scientists 

[5, 6, 7] as a reason behind the development of this 

elliptically shaped depression. Greely et al. [5] first 

suggested its volcanic origin; however, Trego [6] drew 

an analogy with the lunar channel Bouvard which re-

sulted from the erosion of aligned secondary crater 

chains. Grin and Cabrol [7] proposed the Orcus Patera 

is a collapsed caldera filled with both juvenile water 

during the Noachian and overspilled water from the 

adjacent Elysium paleolake during the Hesperian to 

Amazonian period. However, van der Kolk et al. [8] 

showed that the shape, floor topography and interior 

resurfacing of the Orcus Patera fails to provide any 

strong support for solely volcanic or impact origin. 

Therefore, they concluded that the interior of the Orcus 

Patera is younger than the outside and had a long vol-

canic history and multiple episodes of flooding [8]. 

 

Dataset and Software: Recent high-resolution im-

age coverage of the Martian terrain helped us to inves-

tigate the surface of the Orcus Patera region in detail. 

We have analyzed the region with THEMIS-IR Day 

Global Mosaic (resolution: 100 m/pixel) [4] and Con-

text Camera (CTX) imagery (resolution: 6 m/pixel) 

[9]. For the identification of the fossae and understand-

ing the topography, we used Mars Orbiter Laser Al-

timeter (MOLA)-High-Resolution Stereo Camera 

(HRSC) Digital Elevation Model (DEM) (resolution: 

200m/pixel) [10] and MOLA DEM (resolution: 463 

m/pixel) [11]. Primary study and inspection were con-

ducted in JMARS. Entire mapping was done using 

CTX images in ArcGIS; THEMIS-IR Day Global Mo-

saic was used to fill the gap between CTX stamps 

wherever applicable. 

 

Morphological study of Orcus Patera: The long 

axis of this elliptical depressed landform has a length 

of 375 km, and it has 130 km width. The depressed 

floor of Orcus Patera (~3700 m deep from the Martian 

datum) appears to be very smooth covered with multi-

ple impacts and their ejecta at places. According to the 

Geological Map of Tanaka et al. [12], the floor of the 

Orcus Patera is covered with lava flows of late Hespe-

rian volcanic units (lHv, lHvf). Orcus Patera has a very 

steep wall rising 1000-2000 m above its floor. The rim 

of Orcus Patera is not continuous and affected by im-

pact craters and their ejecta. The rim is surrounded by 

very rough, highly cratered material of the late Noa-

chian highland unit and the Hesperian and Noachian 

transition unit (lNh and Hnt) [12]. Both the Orcus 

Patera floor and the flank are deformed by several 
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WNW-ESE trending Fossae [Figure 1]. These fossae 

are similar in orientation to Cerberus Fossae and pos-

sibly part of the Cerberus Fossae fissure network [13]. 

The middle part (lengthwise) of the Orcus Patera floor 

is transected by eight discontinuous fossae [Figure 1].  

A close inspection around the fossae present on the 

floor of Orcus Patera indicates fluid escape erosional 

structures as well as massive deposits around them 

[Figure 2 A, B].  

 

 
 

Figure 2: A. Erosional structures around one of the 

fossae mapped in red color on CTX mosaic. B. Depos-

its around one of the fossae marked in yellow outline 

on CTX mosaic. 

 

Discussion: Orcus Patera floor is more than -3500 

m deep and close to planets past groundwater table (~-

4000 m to -5000 m; 15). It is thought that the propaga-

tion of dikes may have generated the Cerberus Fossae 

network [14] extending from east of Elysium Mons to 

the Orcus Patera. We propose that the dike network 

responsible for the generation of the fossae penetrated 

the subsurface groundwater level and/or ice layer re-

sulting in water release at the surface through fossae. 

This water may have escaped from these fractures 

eroded the rocks present around the fossae wall in 

some of the fossae [Figure 2A]. Around other fossae, 

this water may have flooded and mixed with the sedi-

ments and deposited sediments beside the fossae [Fig-

ure 2B]. 
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