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Introduction: On Earth, exposed sections of geo-

logic strata that occupy topographic and structural ba-

sin provide critical information about syn- and post-

tectonic basin fill. The study of terrestrial basins relies 

heavily on local observations of meter- to decameter-

scale bedding or bundles of layered deposits in order to 

augment and refine hypotheses regarding the basin and 

regional geologic history [1]. On Mars, the inverse 

applies: basin studies rely on regional observations to 

infer generalized basin settings (i.e., formation and 

extent) [2-5], which are refined through local observa-

tion afforded by high-resolution images [6-7]. Until 

recently, however, not only was it impossible to con-

duct “outcrop-scale” observations of layered sequences 

on Mars, it was also unclear the extent to which such 

deposits even existed on the surface of that planet [8-

9]. Post-Viking Orbiter observations provide unprece-

dented levels of detail on the characteristics of layered 

sequences in Martian basins [2, 6, 7, 10-13] and, by 

extension, the conditions and processes that may have 

dominated Early Mars. 

The widespread occurrence, varied internal archi-

tecture, and common aqueous mineral signatures of 

basin-related (non-polar) layered rocks and sediments 

on Mars are critically important for an improved un-

derstanding of water-based geologic processes and the 

search for life on that planet.  For example, despite 

their pervasive occurrence, it remains unclear what 

materials occupy the many irregularly shaped (princi-

pally non-crater) topographic basins within the Martian 

highlands and if these materials implicate a regional to 

global stratigraphic sequence. However, our under-

standing is heavily reliant on the ability to effectively 

compare and contrast the geologic details of stratified 

sequences (such as periodicity of bedding [2] or facies 

gradations [7], which in turn is reliant on the adequacy 

of technical methods to effectively extract and consist-

ently convey critical geologic observations into geolog-

ic map products [14]. Our study focuses on the layered 

deposits located at the margins of the informally-

named “Runanga-Jörn basin” (RJB), northeast of Hel-

las Planitia, in southwest Terra Tyrrhena, Mars (Fig. 

1). Our goal is to leverage high-resolution images to 

detail the evolution of this under-characterized part of 

the Martian surface using contrasting map scales and 

“measured” stratigraphic sections.  

Datasets: We initiated our study by establishing 

the regional to local geologic context using CTX (6 

m/px) image mosaics. For very local geology charac-

terzations, we are using a HiRISE stereo pair (0.25 

m/px; PSP_006198_1525 and PSP_01839_1525). The 

stereo-pair was processed into a digital eleveation 

model (DEM) at 1 m/px using the Ames Stereo Pipe-

line (ASP) to provide relative elevations. Additionally, 

the same DEM will be generated by the USGS Photo-

grammetry Lab, wherein the DEM will be edited and 

matched to MOLA for absolute elevations. These high-

resolution datasets will be used with the THEMIS day-

time and nighttime IR mosaics (100 m/pixel) and 

MOLA maps (~463 m/px) to provide cross-scale  con-

text for RJB. 

Observations: The Runanga-Jörn basin is roughly 

ovoid in planimetric shape and 160 km long by 80 km 

wide. The easternmost margin of the basin is dissected 

by channels whose orientation implies drainage of the 

adjacent Noachian-age cratered plains from the north, 

east, and south. The roughly circular nature of basin’s 

eastern margin may indicate the existence of an ancient 

impact crater, which was subsequently eroded and bur-

ied. The basin surface occupies an elevation range 

from -2450 to -2700 m, with a very slight west-

southwest slope (<0.1°). The westernmost margin of 

the basin is generally un-dissected except for a single 

groove-like channel that debouches into 171.5-km-

diameter Terby crater (-27.96N, 74.14E). No through-

flowing channel is readily apparent within the basin 

based on Viking, MOLA, or THEMIS data sets. How-

ever, marginal scarps suggest that if such a channel 

existed, it may have been subsequently buried by ero-

sional detritus or volcanic sediments. 

The RJB region contains scalloped northern mar-

gins with stair stepping scarp and plateau topography 

local pits, knobs, and preserved crater forms. The de-

posits are a mix of high and low albedo materials with 

a pervasive low albedo mantle in topographic lows and 

on some walls. There are 4 large massifs in the central 

to southeast that may be remnants of Hellas impact-

related upthrown crustal blocks and/or ejecta. There 

appears to be a widespread upper unit, perhaps of vol-

canic origin, that represents the modern uppermost 

surface in the northern part of the study area. Though 

present in the south, this surface is generally less per-

vasive, perhaps resulting from increased relative eleva-

tion around the massifs in this region. 

In HiRISE images (Fig. 2), the basal deposits ex-

posed in the floor and walls of small canyon display 3 

terraces, perhaps of volcanic origin: (1) a floor unit 

with planview polygonal columnar jointing and ex-

humed crater forms, (2) a low albedo intermediate unit, 

not well exposed, but also containing preserved some 
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crater forms, and (3) an upper unit with exposed co-

lumnar jointing as well as planview polygonal jointing.  

In contact with the upper volcanic unit, are layered 

low- and high-albedo units. These materials also pre-

serve channel cross sections that are in-filled by subse-

quent layered materials. Some sections apperar to have 

thalwegs, and low slopping aggradational zones. Some 

channels sections are nearby others and hung on the 

same strata, whereas others are isolated and/or stacked 

in the sequence. These are pervasive on most exposed 

walls across the canyon and within interior knob expo-

sures. 

Above the layered deposits, the widespread volcan-

ic materials, seen in CTX and described above, cap 

most of the area. This material has preserved small 

crater forms and is extensively mantled by eolian rip-

ples. In some areas, poorly stratified hillocks and knobs 

of material are exposed above this pervasive volcanic 

unit. The upper surface, as well as the margins of the 

exposed subsurface, of the largest of these features is 

heavily cratered, suggesting it had a long period of 

exposure. 

Preliminary Geologic History: After Hellas for-

mation and development of the megaregolith, pulses of 

volcanism deposited at least 3 layers of material, with 2 

of those layers, the lower and upper, possibly having 

interaction with fluids based on the columnar jointing. 

The lower and intermediate units were exposed at the 

surface for enough time to collect craters which are 

present on the exhumed surfaces.  

After these intial volcanics formed, layered material 

was deposited in the basin. The source of these layers 

is unknown, but likely resulted from a combination of 

fluvial, eolian, and volcanic processes. The channels 

preserved in the layered materials and the morpholo-

gies and lateral associations of the sections may indi-

cate that the channels were braided in some locations. 

The sections in stacked sequences indicates that the 

fluvial activity was was episodic. This period of chan-

neling was followed by more layered material deposi-

tion but without precense or preservation of channels. 

Widespread volcanism over the region occurred 

capping the sediments with a planar layer of material. 

This layer doesn’t have an obvious edifice or structural 

source. Above this layer, knobs and mounds of some-

what stratified materials, possibly volcanic. The strati-

graphic position of this material is ambiguous as it 

could be sitting on top of the planar capping material 

or be a remnant material with sufficient elevation to be 

unburied by the subsequent volcanism and sedimenta-

tion. After deposition of these units, channeling and 

downcutting exposed portions of these materials.  
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Figure 1: MOLA shaded relief image showing the NNW rim of 

the Hellas basin. Contact lines and unit names are from [9]. The 

Runanga-Jörn basin is located within an intercrater basin, adja-

cent to uplifted crustal massifs. 

Figure 2: HiRISE image 

PSP_006198_1525 showing the 

location of the local study. The 

small canyon trending north-

south shows layers of volcan-

ism, sedimentation, and fluvial 

activity. The lower albedo re-

gions are mostly eolian mantles 

filling in local lows. The bright-

er areas within the walls of the 

canyon are the layered materi-

als.  
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