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Introduction:  Harmakhis Vallis is one of the four 

large-scale outflow channels which cut the Late Noa-

chian – Early Amazonian age volcanic, sedimentary 

and mixed material on the northeastern Hellas rim re-

gion of Mars [1–3]. Because the channel starts as a 

broad (38 x 90 km) and deep (in places > 1.6 km) de-

pression without other fluvial features around the de-

pression, it is suggested that the channel came into be-

ing when the subsurface ice melted and the water was 

released due to the volcanic heat from the activation of 

the nearby volcanoes [1–7]. The melted ice ran towards 

the lower topography of the Hellas basin eroding the 

surrounding surface. Finally, the surface collapsed and 

the now visible valley formed.  

The structure of the Harmakhis Vallis channel indi-

cates that the evolution of the channel has been com-

plex. One of the most significant characteristics of 

Harmakhis Vallis is that it is not a continuous channel. 

Instead, its head depression and main channel are sepa-

rated by the ~ 80 km long and topographically higher 

(> 0.4 km) “barrier surface” [8] (Fig. 1a) which proba-

bly represents the still existing subsurface part of the 

channel. 

In this work we outline our results of mapping and 

dating the geologic activity on the Harmakhis Vallis 

floor (see also [9–11]). We focus especially on the 

possible ice-facilitated flow features which cover the 

channel floor, and investigate when the processes that 

formed these units occurred. 

Data and methods: The used data consist of a full 

resolution CTX mosaic (~ 5 m/pixel) and HiRISE im-

ages (~ 0.3 – 0.5 m/pixel). In the case of mapping, im-

ages of MGX’s MOC (~ 1.5 – 12 m/pixel), Mars Ex-

press’ HRSC (~ 50 m/pixel) and Mars Odyssey’s 

THEMIS infrared (day and night) camera were also 

used. 

The age determinations were conducted by using 

the established crater counting methods [12–14] and 

the crater model ages were measured from the cumula-

tive crater size-frequency distribution plots obtained 

with the Craterstats software.   

In very high resolution images, the distribution of 

secondary craters is usually significant. However, in 

the case of Harmakhis Vallis we suppose that the units 

covering the channel mostly postdate the latest second-

ary forming impacts, so most of the small craters are 

primaries. In the cases where the obvious clusters of 

secondary craters were identified, they were excluded 

from the counts in order to minimize the error. 

Results: Mapping on the Harmakhis Vallis channel 

indicates that several later modifying processes have 

occurred on the channel. The channel is almost entirely 

covered by the flows, the varying texture of which may 

indicate that they are ice-facilitated. On the head de-

pression of the channel, the flows originate from the 

interior walls and the surrounding pitted plains and 

debris aprons. On the main channel, on the other hand, 

the flows seem to originate from the interior walls only. 

Especially in the beginning of the main channel the 

flows are continuous, cut only by the remnants of the 

wall collapse and mass movements. Approximately in 

the middle of the main channel, beginning from the 

remnants of a large-scale wall collapse, the flows sud-

denly become clearly smoother and smaller in scale, 

and in many places the number of craters on the units is 

too small for reliable dating. 

It is significant that the barrier surface has also 

been partly covered by a flow (the northern side has 

been modified by impact ejecta). Previously, it has 

been assumed that due to the lack of fluvial features on 

the barrier surface, the connection between the Harma-

khis head depression and the main channel has to be 

mainly subsurface [8]. However, the existence of the 

flow unit indicates that the origin of the flow certainly 

differs from that of the features formed by the channel 

forming process. 

The results of the crater counts are seen in Fig. 1b. 

The results show that all of the flow units are relatively 

young. The oldest ages, only~ 1 Ga, were found on the 

head depression and near the end of the main channel. 

Otherwise, the oldest ages of most of the flows are be-

tween ~ 100 – 1 Ga. In addition, all of the units show 

evidence of several resurfacing ages. A few exceptions 

are found at the beginning of the main channel (the 

oldest preserved age is ~ 70 Ma) and on a unit near the 

end of the channel (the oldest age is ~ 15 Ma). 

Conclusions: Most of the Harmakhis Vallis floor 

has resurfaced due to the now visible flows that are 

possibly ice facilitated. The oldest measurable age of 

these flows varies from ~ 100 Ma – 1 Ga, which might 

be, however, only the youngest limits for the formation 

age. This is explained by the ice-facilitated nature of 

the flows and thus the intensive erosion caused by ice 

sublimation. All of the flows also have several resur-

facing ages. Because the resurfacing ages mainly corre-

late with each other, the processes which cause the 

resurfacing events may be same throughout the chan-

nel, varying only in intensity and duration.  
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Figure 1: A) A CTX mosaic shows the Harmakhis Vallis channel and its possible ice-facilitated flows which have 

modified the channel after its formation. B) An overview of the crater counting results for the flow units on different 

parts of the Harmakhis floor. The dashed lines indicate the location of the barrier surface. The units filled with lines 

show the measured ages which are not highly reliable (number of fitted craters < 5). 
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