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Introduction: Palikir Crater is located on the floor 

of Newton Crater within the Southern Highlands of 
Mars. Palikir is especially intriguing, because it contains 
gullies all around its interior slopes and another slope 
feature on its eastern slopes known as Recurring Slope 
Lineae (RSL) which form seasonally on present day 
Mars. Presented is a morphologic and morphometric 
analysis of eight gullies along the western slopes of Pal-
ikir.  

Methodology: Using the HiRISE DTM (Digital 
Terrain Model) DTEEC_039502_1380_039779 
_1380_A01 generated from stereo image pairs and its 
corresponding orthoimage, we mapped out drainage 
networks, derived morphometric network parameters 
and determined the volume removed of gully channels 
A – H. The volume removed was then compared to the 
deposited apron volumes using ENVI and ArcMap. 

Figure 1: Left image shows 
DTM  loaded in ENVI of 
west Palikir located at 
202.142E,-41.735N. Right 
image shows corresponding 
orthoimage in ENVI. Gul-
lies measured starting from 
the top: H, G, F, E, D, C, A, 
and B being furthest south. 

 
The ENVI Transect Method: 
Numerous cross-sectional 
transects were generated in 
ENVI to determine the vol-
ume removed. Afterwards, 

data was entered into a Python script developed by our 
team, which calculates the transect area integrated over 
a distance, giving us the volumes of both the gully and 
the apron.  

The ArcMap Method: A fast alternative method 
which approximates the ENVI transect method uses 
TIN (triangulated irregular network) tools to create a 
cap or surface over the eroded area of the gully and un-
derneath the apron to simulate the pre-erosional/pre-
depositional terrain. Conditional statements using dif-
ferent rasters are then used to calculate volumes.  

Drainage Networks: Using the HiRISE DTM and its 
corresponding orthoimage in ArcMap, we mapped in 
great detail tributaries, distributaries, delineated drain-
age basins, calculated drainage densities, and measured 
the stream order and magnitude. Drainage densities, 
which define the degree to which surfaces were incised 

[8], are calculated as D=åL/A where L is equal to the to 
total length of streams in a drainage basin and A is equal 
the basin area. Additionally, using the Strahler stream 
ordering method, streams were assigned a numeric or-
der to its links in the stream network allowing for char-
acterization of streams based on their order. Stream 
magnitudes were then found by counting the total num-
ber of first order streams (exterior links) [11].  

Results: Calculations show that the gully volumes 
are significantly larger than apron volumes in both 
ENVI and ArcMap (Figure 2). ENVI gully volumes 
ranged from 1.32×10'	  to 8.01×10'	  while ArcMap 
gully volumes ranged from 1.35×10' to 8.16×10'. 
Apron volumes in ENVI and ArcMap ranged from 
3.35×10, to 2.22×10' and 1.9×10. to 4.40×100 re-
spectively. As with previous studies from our team, the 
volume differences are consistent with other Martian 
gully systems [5]. The missing gully volumes ranging 
between 83.3% to 99.9% in ArcMap and 17.2% to 
99.6% in ENVI likely represents a volatile component 
such as liquid water in gully formation [5]. 

Figure 2: 
Comparison of 
gully and apron 
volumes using 
ENVI and 
ArcMap. Gullies 
that have vol-
umes larger 
than their 
aprons lie above 
the trend line. 

 
Concavity Profiles: Concavity profiles were gener-

ated with Python scripts using center stream lines (CSL) 
of the deepest part of the gully in ENVI. Concavities use 
a normalized longitudinal gully profile with which to 
compare the gullies. Gullies with higher concavities are 
generally better developed and may imply a longer pe-
riod of formation. Gullies exhibit a more concave pro-
file towards the north of the crater with gully H being 
the most concave and gully B being the least concave. 
Concave profiles generally indicate a fluvial dominated 
gully system,  while convex or straight profiles may in-
dicate debris flow dominated or dry flow dominated 
gully systems, respectively [6]. When comparing con-
cavities to gully, alcove, and apron slopes, a more con-
cave profile correlated to shallower slopes. This 
relationship is potentially due to increasing gully 

2644.pdf49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)



lengths towards the north of the crater meaning longer 
channels indicate a better and longer period of develop-
ment [3]. 

Slopes: We calculated the average slopes of the al-
cove, channel, and apron to determine whether slopes 
are high enough to initiate dry flows, average slopes 
were 25.65°, 19.97°, and 12.88° for the alcove, gully, 
and apron, respectively. However, these values are be-
low the angle of repose of ~34° under Martian gravity 
meaning dry flows were less likely to carve these gullies 
[2]. We also determined the apex slope [7], which marks 
the division between erosion and deposition of gully 
material, we determined if the system was created by a 
fluidized or non-fluidized dry granular flow. A dry gra-
nular flow typically deposits at an angle greater than 
~21° [7]. The average apex slope for Palikir gullies was 
approximately 14.24° , which falls below the slope va-
lue where a non-fluidized flow would occur. Apex slo-
pes ranged from 17.76° to 9.24°, decreasing from the 
southern rim to the northern rim of the crater. The sou-
thern rim contains more degraded gullies, which may 
indicate an older age than the more pristine gullies. This 
might suggest a location, time, and climate dependent 
fluidization mechanism needed for formation [7].   

Fig. 2: Drainage maps 
of gully B (right) on S. 
slope and gully H (left) 
on N.slope of Palikir. 

 
Drainage Networks: 
Drainage maps show 
highly integrated sys-
tems such as braided 
streams, tributaries, 
and terraces within the 
gully systems, which 
are consistent with flu-

vial processes. Gullies on the northern rim of the crater 
have a more pristine morphology, implying more recent 
gully activity. These gullies contain longer, more well 
defined, and deeper channels, which correlate to a 
higher degree of erosion. Gullies on the southern crater 
slopes have less complex drainage patterns and mor-
phologies with similar characteristics, but with an over-
all degraded appearance. In terms of gully development, 
the enhanced erosion along the northern crater slopes 
may result from a higher volumes of frost or ice accu-
mulating in shadowed or protected areas from the sun 
[1][2][3]. Subsequent melting could lead to an increased 
discharge or a longer period of gully fomation in certain 
areas of the crater. Drainage densities in Palikir were 
relatively low when comparing them to other Martian 
values by [8, 9]. Palikir values averaged around 
0.03𝑚23 suggested that short lived erosional processes 
may be responsible for low drainage density values [9]. 

Table 1: W.Palikir Gully Morphometric Parameters 

These low values suggest that erosional forces such as 
surface snowpack melting, piping, or groundwater sap-
ping was potentially a factor in gully development [8, 
9]. Stream order values ranged from 2 to 4 while stream 
magnitude values ranged from 3 to 50. The highest val-
ues for stream orders and magnitudes occurred near the 
northern rim of the crater potentially indicating a more 
complex stream networks development along northern 
slopes [10]. Better developed gullies with increased dis-
charge or similar, but prolonged discharge could ac-
count for higher stream orders on northern slopes.  

Additional Calculations: Gully lengths range from 
1,069 to 2,843 meters increasing from the southern rim 
to the northern rim. Longer lengths correlate to higher 
degree of erosion due to liquid flow [3]. Additionally, 
using the CSL of each gully in Python, sinuosity values 
were generated and ranged from 1.07 to 1.11 indicating 
that Palikir gully channels are sinuous. Liquid water-
bearing flows exhibit these characteristics [4]. 

Conclusion: As with previous studies, calculations 
indicate that the western slope gullies of Palikir are con-
sistent with a fluvial origin. Although recent gully ac-
tivity today in Palikir could potentially be a result of 
multiple processes, our results are most consistent with 
primary formation from fluvial processes [5].  
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Gully Drainage Den-
sity (𝒎2𝟏) 

Stream Or-
der 

Stream 
Magnitude 

A 0.0205 2 3 
B 0.0324 4 18 
C 0.0231 3 12 
D 0.0139 3 13 
E 0.0396 4 34 
F 0.0225 4 15 
G 0.0594 3 9 
H 0.0381 4 50 
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