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Figure 1.9: Global view of Titan’s stream channels. Images are synthetic aperture 

RADAR (SAR) and have a spatial resolution range of 100s km to 350 m. Legend 

shows three classifications of certainty for fluvial networks on Titan (Burr et al., 

2013). 

Table 1.1: Comparison of Earth and Titan’s parameters (Collins, 2005). 

Parameters Earth Titan 

Surface gravity m/s2 9.80 1.35 

Fluid Water Methane 

Density, kg/m3 1000 450 

Kinematic, viscosity m2/s 1.1 ! 10-6 4.2 ! 10-7 

Sediment Quartz Water ice 

Density, kg/m3 2600 930 

Particle diameter, m 0.01 0.01 

Supply, particles/s 1000 1000 

Bedrock Sandstone Water ice 

Young’s modulus, Pa 5 !  1010 9 !  109 

Tensile strength, Pa 2 !  106 1 !  106 

Abrasion resistance  1.4 !  106 1.9 !  104 
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1.5.2     Selk Crater 

Selk crater (90 km) is located at 7.0°N, 199.0°W on Titan. It has a floor diameter of 60 

km with a possible central uplift with a diameter ranging from 20 to 30 km (Soderblom et 

al., 2010). Terracing is seen on the western and southern walls of the crater (Soderblom et 

al., 2010). Selk crater is a large, fresh impact crater whose impact melt may contain 

biological molecules, making it a target for astrobiological studies (Neish et al., 2018). 

Biological material may also be found at other fresh impacts (e.g., Sinlap and Menrva), 

but Selk is the only safe landing choice available to the Dragonfly team due to orbital 

constraints, visibility, and communication with Earth (Lorenz et al., 2021) (Figure 1.10). 

By studying Selk’s rim height and depth, one can constrain the degree of fluvial and 

aeolian erosion of the crater, respectively (Forsberg-Taylor et al., 2004). Fluvial erosion 

has a directly proportional relationship with the destruction of crater rim heights and the 

steepening of crater walls (Forsberg-Taylor et al., 2004; Neish et al., 2013). Aeolian 

erosion typically leaves rims unmodified an infills craters with eolian sediments (Neish et 

al., 2016). In previous work, Selk’s rim height and depth is calculated using SARtopo 

data (Neish et al., 2016; Hedgepeth et al., 2020). This is a technique used to estimate 

surface heights through calibration of the Cassini RADAR beams that overlap one 

another (Neish et al., 2016; Hedgepeth et al., 2020). Using SARtopo data, the studies 

compared Titan craters’ rim heights and depths to Ganymede craters’ rim heights and 

depths (Bray et al., 2012). Ganymede is a useful analogue to Titan, as it has similar 

gravity, target density, and projectile density. Hedgepeth et al. (2020) measured Selk’s 

rim height (280−54+50m) and rim-to-floor depth (470−105+125 m). The depths calculated in 

Hedgepeth et al. (2020) show that Selk crater is within the lower estimates expected for 

Ganymede’s crater rim heights, suggesting there is not a substantial amount of fluvial 

erosion. However, Cassini’s Imaging Science Subsystem (ISS), RADAR, and VIMS data 

show that Selk’s ejecta blanket is dissected by fluvial channels (Figure 1.11). Selk’s 

inner rim also appears to be altered by eolian erosion with portions of its crater floor 

covered in sand (Lorenz et al., 2021). Infill by aeolian sediment may also explain why 

Selk’s rim-to-floor depth is hundreds of meters shallower than that of craters on 

Ganymede (Neish et al., 2013). 
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Figure 1.10: The figure above details several constraints the Dragonfly team must 

consider to have a safe and successful landing on Titan. Selk crater is boxed in red 

and is within visible range. Image modified from Lorenz et al. (2021). 

 

Figure 1.11: Mosaics of Selk crater using two different instruments aboard the 

Cassini mission. On the left is an ISS image and on the right is a VIMS image (RGB: 

5, 2, 1.3 µm). Image from Lorenz et al. (2021). 
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1.5.3    Sinlap Crater 

Sinlap crater (82 km) is located at 16°W, 11°N on Titan. It is characterized by steep 

walls, suggesting the crater has been fluvially modified (Neish et al., 2016). Sinlap also 

has a relatively flat floor and is one of the few craters that has sufficient data to estimate 

the crater’s depth (Neish et al., 2013) (Figure 1.12). Hedgepeth et al. (2020) determined 

Sinlap’s rim height (375−150+175m) and depth (790−245+255m) and found that Sinlap’s depth 

is similar to predicted depths of fresh craters on Ganymede. However, even the freshest 

craters on Titan are affected by aeolian and fluvial erosion.  

There is no sign of a central peak at Sinlap, but VIMS data shows a bright spot near the 

center of Sinlap’s floor that might be the eroded remnant of a central uplift (Le Mouélic 

et al., 2008). Modeling done by Neish et al. (2016) imply fluvial processes are capable of 

removing central uplifts on short timescales. This suggests that Sinlap’s central peak has 

mostly eroded away by fluvial processes over time (Neish et al., 2016).  

 

Figure 1.12: Cassini RADAR image of Sinlap crater. Image highlights Sinlap’s flat 

crater floor, steep walls, and a well-preserved ejecta blanket. Image modified from 

Neish et al. (2013). 
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1.6 Terrestrial Craters as Analogues for Titan 

Until we obtain new data of Titan with Dragonfly, analogue work is one of the best ways 

to understand the geological processes that may have occurred on Titan. For this study, I 

aim to understand the geological processes that affect a crater’s morphology. Studying 

craters that have similar environments to those on Titan – like the terrestrial craters 

Haughton, Siljan, and Popigai – may help us understand how certain geologic processes 

affect the modification of impact craters on Titan.  

In this work, I used terrestrial craters that are moderately eroded and complex, similar to 

Selk (90 km) and Sinlap (82 km) craters on Titan (Soderblom et al., 2010; Neish et al., 

2013). By using this criterion, I selected three terrestrial craters: Haughton, Siljan, and 

Popigai. These craters have diameters of 23 km, 65 km, and 100 km respectively 

(Greenberger et al., 2020; Kenkmann and Von Dalwigk, 2000; Masaitis et al., 2019). All 

three craters are in the northern hemisphere near the Arctic. The High Arctic has less 

vegetation than other regions on Earth and little influence from humans, which are two 

factors that can obstruct detailed mapping of streams in the region. Terrestrial impact 

structures that are at more temperate latitudes tend to weather more and have increased 

ground cover over the original surface (e.g., soil) (Greenberger et al., 2020). 

It has been noted that stream channels are present near the impact craters Selk and Sinlap 

(Soderblom et al., 2010; Neish et al., 2015); however, the formation of these stream 

channels is not well understood. Previous studies have discovered that within Titan’s 

sand seas, there are dendritic and rectangular stream patterns (Burr et al., 2013). 

Rectangular stream patterns are associated with faulting while dendritic patterns cut 

through uniformly resistant rock with little to no regional slope (Howard, 1967). In Burr 

et al. (2013), they do not specifically highlight the stream channels around Selk or Sinlap 

craters but note a dendritic pattern on the northeast wall of Menrva crater mapped from 

their previous work (Burr et al., 2009). Menrva crater (425 km) is located in Titan’s 

midlatitudes, and Crósta et al. (2021) suggest that the dendritic network may have formed 

from flash floods. If stream morphologies such as dendritic or rectangular are near 


