
CRITERIA TO DISTINGUISH EOLIAN, FLUVIAL, AND VOLCANIC DEPOSITS ON MARS: LESSONS 
LEARNED FROM TERRESTRIAL ANALOG STUDIES.  L. A. Edgar1, B. H. Wheeler1, and M. H. Ort2, 1USGS 
Astrogeology Science Center, Flagstaff, AZ (ledgar@usgs.gov), 2Northern Arizona University, Flagstaff, AZ. 
 

 
Introduction:  A critical part of landed Mars mis-

sions is the ability to conduct detailed investigations of 
rock outcrops comparable to those done in terrestrial 
field geology, and to read and interpret the record of past 
processes and environments.  However, there are areas 
where our ability to accurately interpret this record 
through remote sensing data is challenging.  One partic-
ular challenge lies in distinguishing deposits from dilute 
pyroclastic density currents (DPDCs) from eolian and 
fluvial deposits, all of which can produce sandy cross-
stratified accumulations (Figure 1) [1-5].  While bed-
forms in eolian and fluvial deposits are well character-
ized, there is a limited understanding of bedform kine-
matics and sediment transport processes in DPDCs on 
Earth.  Here we report on lessons learned from field-
work at several terrestrial DPDC deposits [5-6], and cri-
teria that may be used to distinguish them from eolian 
and fluvial environments, particularly when data and 
geologic context is limited.  This is important in plane-
tary exploration because these three environments have 
very different implications for past habitability.  This 
work identifies a set of criteria that may aid future rover-
based investigations on Mars. 

Field Locations:  Several prime examples of DPDC 
deposits are exposed in northern Arizona in the Hopi 
Buttes volcanic field (including Teshim Butte, Haskie 
Volcano, and Triplets Maar), in southern New Mexico 
at the Afton craters (Kilbourne Hole and Hunts Hole), 
in northern New Mexico at Zuni Salt Lake, and in east-
ern California at Ubehebe crater. These field sites were 
selected based on their accessibility, well-constrained 
geologic histories, and good exposures of bedforms.  
Several sites also contain adjacent eolian and fluvial de-
posits for direct comparison of bedform properties. 

Methods: Fieldwork was conducted to mirror the 
types of data available for Mars rover missions.  Images 
were acquired for Structure from Motion (SfM) in order 
to accurately measure bedding geometries (Figure 2), 
and high resolution photos were acquired for digital 
grain size analyses.  Context photos were used to meas-
ure stratigraphic columns and identify facies.  Measure-
ments were also made in the field for comparison to re-
mote sensing data in order  to test the accuracy of vari-
ous methods.  This study also includes remote sensing 
via an Unmanned Aerial Vehicle (UAV) at Zuni Salt 
Lake and the Hopi Buttes to assess the resolution re-
quired to make distinctions between eolian, fluvial, and 
volcanic bedforms. 

 

 
 
Figure 1. Bedforms produced in eolian, fluvial and vol-
canic environments. Bedforms migrated from left to 
right in all images. A) Eolian cross-bedding, Navajo 
Sandstone near Page, AZ. B) Fluvial cross-bedding, 
Ridge Basin, CA.  C) Bedforms in a DPDC deposit, 
Hunt’s Hole, NM.  In the absence of geologic context, 
it may be difficult to distinguish between these different 
depositional environments. However, detailed analyses 
of grain sizes and bedform geometry can reveal key dif-
ferences, and can be used to infer flow conditions in 
each setting. 
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Results:  Data collected in the detailed study of 
these analog locations suggests several characteristics 
that may be used to identify DPDC deposits on Mars. 

Grain size and sorting. The co-deposition of coarse 
and fine material is common in volcanic environments. 
Individual laminae commonly exhibit heterogeneous 
grain sizes, with little to no grading between lamina-
tions, and are often expressed as discontinuous trains of 
coarse lapilli.  By comparison, eolian deposits are typi-
cally very well sorted, fine to medium sand, and fluvial 
environments generally do not contain the co-deposition 
of fine and coarse grains. 

Preservation of bedform crests and stoss sides.  Due 
to the rapid deceleration of DPDCs, bedforms in these 
volcanic environments may have supercritical angles of 
climb, leading to the full preservation of bedform crests 
and stoss sides.  This may be further enhanced by the 
presence of ash drapes, representing airfall deposition 
after bedform development. 

Angles of lee slopes. While the stoss slopes of bed-
forms in DPDCs are comparable to those in modern eo-
lian and fluvial environments, DPDCs typically have lee 
slopes that are less steep than those in eolian and fluvial 
dunes.  The abundance of lee slopes less than the angle 
of repose may suggest that grains in DPDCs are not de-
posited as much by avalanching as by other mecha-
nisms, such as sediment falling out of suspension.  

Transport direction. If sufficient outcrop exposures 
exist to perform a detailed study of paleoflow direction, 
then transport direction can be used to distinguish be-
tween these three environments.  DPDC deposits show 
evidence for unidirectional transport, radially away 
from a point source, whereas eolian deposits show uni-
directional or bidirectional transport (seasonal rever-
sals), and fluvial deposits typically record unidirectional 
transport. 

Percent juvenile material. Bedforms in DPDC de-
posits contain a high percentage of juvenile clasts, 
which is uncommon in eolian and fluvial deposits.  Ex-
ceptions include eolian and fluvial reworking of vol-
canic deposits, but this may be distinguished based on 

the presence of well-sorted, rounded, mature grains and 
other environmentally diagnostic features. 

Bedform type and abundance. This study identified 
six discrete bedform types in DPDC deposits across 
multiple field sites, based on their physical characteris-
tics.  Recognition of the styles of stratification, bedform 
amplitude, wavelength, grain size, and other properties 
can be used to distinguish DPDC bedforms from other 
environments.  The abundance of cross-stratification 
within a particular deposit may also be used to identify 
DPDCs.  In this study, DPDC bedforms commonly oc-
cur as singular events, with only one or a few bedforms 
occurring at an outcrop, whereas eolian and fluvial de-
posits typically contain trains of bedforms and multiple 
bedsets. 

Conclusions and Future Work: Through field-
work and remote sensing that replicates the types of 
analyses possible on Mars, this study identifies criteria 
that serve to distinguish volcanic, eolian, and fluvial en-
vironments, particularly when geologic context is lack-
ing.  Ongoing work includes the application of these cri-
teria to key locations that have been studied by the Mars 
Exploration and Mars Science Laboratory rovers.  
While a single metric described above may not be con-
clusive, the range of attributes listed here provide a 
number of ways to evaluate past and future outcrops on 
Mars.  This work will serve as a guide for future explo-
ration by the MSL rover in Gale crater and the upcom-
ing Mars 2020 rover in Jezero crater, a site that shows 
evidence for both aqueous and volcanic environments.  
This study also highlights the importance of terrestrial 
analogs to better understand processes and environ-
ments that may be encountered on Mars. 
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Figure 2. SfM model of DPDC bedforms in the Hopi Buttes, used to assess bedform properties such as amplitude, 
wavelength, angles of stoss and lee slopes, and angle of climb.  Transport was from left to right.
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