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Introduction:  Gullies on Mars provide evidence 

for small amounts of fluvial activity at the surface 

within the last several million years [1-3].  Their 

global distributions (confined to mid- to high-

latitudes [1]) and local geometry (strong orientation 

trends as a function of latitude [4-10]) have long 

suggested climatic control over their formation. 

Mars undergoes dramatic variations in its orbital 

parameters [11-12], and this is believed to mobilize 

ice from the poles at low obliquity and redistribute it 

to lower latitudes at high obliquity [13].  The most 

robust solutions for these orbital parameters coincide 

with the most recent era of gully activity on Mars, 

specifically within the last several million years [2-3, 

11-12].  During this period, Mars has rhythmically 

oscillated several times between obliquity values as 

high as 35° and as low as 15° [12]. 

Because surface features from the last several 

million years are rare on Mars, gully fans provide a 

unique opportunity to document these shifts in the 

Martian climate.  The unprecedented resolution and 

quality of HiRISE data [14] have revealed examples 

of gully fans that show elaborate stratigraphy among 

fan units [3, 15, 16].  In this contribution, we provide 

further examples of fan deposits that require multiple 

episodes of activity within classic Martian gullies.   

Methods:  Based upon the survey of MOC data 

from [10], we used CTX and HiRISE data to catalog 

gullies within the 30°S to 42°S latitude band, where 

gullies are most common on Mars [1, 4-5, 7].  All 

images were incorporated into a GIS database to 

ensure proper projection and eliminate redundant 

observations. 

Here, we document three examples of multiple 

generations of gully activity within single gully 

systems.  In all cases, older fans exhibit downslope 

fracturing that is absent from superposed younger 

fans. 

Observations: In Figure 1 (top) (-35.1°, 165.3° 

HiRISE image obtained 30 March 2007), four 

channels and one abandoned channel can be seen 

incised into a pole-facing crater wall. The older fan 

material, as observed in Figure 1 (bottom), is 

fractured horizontally and incised with a smaller 

abandoned channel. The younger fan material from 

more recently active channels on both sides of the 

older fan was deposited on top of the fractured older 

fan material, similar to relationships seen in some 

other gullies [16]. After the fan material was 

deposited, there was a fracture event, then younger 

material was deposited that illustrates recurrent activity 

and not a single depositional event. 

 

 

 
Figure 1. Gully channels and fans located in the southern 

hemisphere on pole-facing crater walls. HiRISE image 

PSP_003162_1445. The fan deposits show stratigraphic 

relationships that require episodic depositional events. 

In Figure 2 (top) (-36.0°, 164.2° HiRISE image 

obtained 06 January 2007), three channels and four fan 

deposits are observed on a pole-facing crater wall. The 

middle channel has an older fan deposit that is transected 

by a striped fracture that runs underneath several of the 

younger fan deposits from the other channels. Again based 

on superposition, this figure illustrates an extended 

geologic history for the fan deposits. One fan was 

deposited, fractured and other fans were deposited. This 

sequence illustrates that the depositional events are not 

singular events, but rather they happen recurrently. 
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Figure 3. Gully channels and fans located in the southern 

hemisphere on pole-facing crater walls. HiRISE image 

PSP_005524_1470. The fan deposits show stratigraphic 

relationships that require episodic depositional events.  

 

 
Figure 2.  Gully channels and fans located in the southern 

hemisphere on pole-facing crater walls. HiRISE image 

PSP_002094_1435. The fan deposits show stratigraphic 

relationships requiring episodic depositional events.  

 

In Figure 3 (-32.7°, 120.1° HiRISE image 

obtained 30 September 2007), an older fan is 

observed with a rough topography of the deposit 

material.  This fan is also fractured, with cracks that 

appear similar to the fractures that form on the 

adjacent fan deposit. A younger fan with a smoother 

material deposit is overlaid on top of the older, 

fractured fan deposit, covering the fractures. Again 

based on superposition, this figure illustrates the 

history of this series of depositional events. Older fan 

material was deposited, then that material was 

fractured, and then younger fan material was 

deposited on top of it. The younger fan material looks 

smoother than the older fan material, supporting the 

interpretation that it is younger. 

Conclusions:  The observations that we report on 

here add to the growing list of gully systems that 

show strong evidence for multiple generations of 

activity [3, 15, 16].  Further documentation of these 

systems will help correlate surface units with shifts in 

the orbital parameters of Mars [11-12].  If these 

relationships prove to be common among gullies on 

Mars, we are likely observing a record of cyclic 

changes in the global climate.  This implies that conditions 

for ice accumulation and melting at the surface in the mid-

latitudes have been achieved numerous times in the very 

recent history of Mars. We are currently exploring 

scenarios for the sources and mechanisms of episodicity in 

fluvial systems in order to gain insight into the temporal 

significance of the different events.  
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