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Introduction:  The Dragonfly mission to Titan was 

selected as NASA’s fourth New Frontiers mission in 
June 2019 [1]. One of the main goals of this mission is 
to characterize the habitability of Titan’s environment, 
and investigate how far prebiotic chemistry has pro-
gressed there in transient liquid water environments. 
Impact craters are known to produce large amounts of 
liquid water in the form of impact melt, and thus repre-
sent a high priority target for Dragonfly [2]. As a re-
sult, the landing site for Dragonfly was chosen to be 
just south of the ~80 km diameter impact crater Selk 
[3]. One of the aims of the mission is to identify areas 
of solidified impact melt there and search for biosigna-
tures within the ice. 

To do this, we must understand where to look for 
such exposures within Selk and its ejecta blanket. As 
on Earth, many impact craters on Titan have been 
heavily eroded, showing evidence for fluvial incision, 
and infilling by aeolian and fluvial sediments [4,5,6]. 
This complicates the identification of melt deposits 
there. In the specific case of Selk, the crater is located 
within one of Titan’s equatorial sand seas, and some 
portions of its floor appear to be covered by sand 
dunes [3]. The crater also shows evidence for fluvial 
dissection in the ejecta to the east of the crater [7]. 

In this work, we focus on the Haughton impact 
structure in the Canadian High Arctic as a potential 
analogue for Selk. Haughton represents a complex 
crater that has been modified by fluvial erosion in a 
polar desert environment [8]; it has thus experienced 
similar processes to those encountered on Titan. 

The Haughton Impact Structure:  Located on 
Devon Island in the Canadian High Arctic, The Haugh-
ton Impact Structure is a 23 km diameter complex 
crater than impacted a mixed sedimentary/crystalline 
bedrock 23.5 ± 2 Myr ago [9]. The crater has been 
modified by fluvial and periglacial processes over its 
lifetime, but a large impact melt deposit remains ex-
posed in the centre of the crater [10] (Fig. 1). A survey 
of the crater reveals that the impact melt deposits there 
are often incised by rivers, exposing fresh outcrops of 
melt in the valley walls and in alluvial fans emanating 
from the walls. Therefore, Dragonfly could target river 
valleys when looking for exposed impact melt deposits 
in Selk crater [2].  

Dragonfly Sampling Strategy:  There are multiple 
benefits of sampling impact melt in river valleys. First, 
they present flat landing sites for Dragonfly to safely 

land in (see inset in Fig. 1). They also expose subsur-
face melt deposits, where more organic molecules are 
likely to be concentrated. Hedgepeth et al. [11] esti-
mated that HCN should be concentrated 65% of the 
way through the central melt pond. For reasonable 
estimates of the melt pond depth at Selk, this may be 
30-100 m below the original surface. For reference, the 
cliffs of melt seen in Fig. 1 are ~70 m high. (Note that 
periglacial processes have also altered the landscape at 
Haughton, and we do not expect these processes to 
occur on Titan. However, the cliff topography is relat-
ed primarily to fluvial incision.) Finally, mass wasting 
processes bring material on the cliff face down to the 
valley floor, where they can be easily sampled by a 
landed asset. Additional studies of the Haughton Im-
pact Structure, with field testing of aerial equipment, 
would refine our proposed sampling strategy. 

 
Figure 1: Landsat 8 image of the Haughton Impact Struc-
ture. The lighter toned material in the center of the crater has 
been mapped as an impact melt deposit. Multiple rivers cut 
through the deposit, exposing melt for sampling. An inset 
shows an aircraft landing in the Haughton River Valley, 
whose location is marked with a red star. 
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