
Volcaniclastic Aeolian Deposits at Sunset Crater Volcano, Arizona:  Applications for Martian Analogs.   
Donald M. Hooper, Ronald N. McGinnis, Marius Necsoiu, Cynthia L. Dinwiddie, and Debashis Basu  
Geosciences and Engineering Division, Southwest Research Institute®, San Antonio, TX  78238-5166. 

 
Introduction: Volcaniclastic aeolian deposits at 

Sunset Crater volcano serve as a compositional analog 
to dunes on Mars. Most aeolian dune systems on Earth 
are dominated by quartz grains; however, the current 
understanding is that many dunes on Mars are com-
posed of basaltic (mafic) particles. Sunset Crater in 
north-central Arizona (USA) is a 900-year-old [1] sco-
ria-cone volcano composed of alkali olivine basalt. 
Wind action has subsequently redistributed its wide-
spread tephra (ash and lapilli) deposit into a variety of 
aeolian landforms. We have collected geomorphologi-
cal and sedimentological data to help establish a base-
line for the type and morphometry of dunes, physical 
properties (e.g., grain size and composition), saltation 
pathways, and interactions with topography. 

Coppice dunes: Coppice dunes (also known as 
nebkhas) form where sand-sized particles are trapped 
by clumps of vegetation and create small sand mounds 
or hummocks (Fig. 1). While there are no coppice 
dunes on Mars, shadow dunes on Mars have similar 
characteristics. Dune height was measured for 15 cop-
pice dunes and ranged from 0.3 to 3.3 m with a mean 
of 1 m. Nine of these dunes comprised a subset located 
10 km northeast of Sunset Crater near Black Bottom 
Crater that was mapped using kinematic differential 
GPS as part of a detailed dune domain. Coppice dunes 
are typically elliptical to nearly circular in plan view, 
and field measurements determined a mean length of 
6.7 m and a mean width of 4.8 m. The major axis for 
many of the dunes trends in the direction of the pre-
vailing wind, but this tendency is mitigated by patchy 
vegetation that creates an irregularly shaped mound.  

 
Fig. 1. Large coppice dune (sample 008a). Note wind ripples in 
foreground and patches of snow. Sagebrush (Artemisia tridentate) is 
the major plant type entrapping sand particles. 

 

The mean grain size for 18 sedimentological sam-
ples from coppice dunes was 0.70 mm (0.50 phi), 

which is a coarse sand (Fig. 2). However, for 13 sam-
ples located approximately 10 km from Sunset Crater 
and 5 samples located approximately 20 km from the 
volcano, the grain size decreases from 0.83 mm (0.27 
phi) to 0.36 mm (1.5 phi), respectively. Although there 
is an overall decrease in pyroclastic grain size as dis-
tance increases from a volcano during an eruption, the 
observed trend indicates sorting and winnowing by 
aeolian processes. 

Wind ripples: Ripples are not widespread but 
were found on sandy, vegetation-free surfaces and on 
the flanks of some large coppice dunes. They are valu-
able because they provide an almost instantaneous 
indication of local sediment transport and wind direc-
tion. Wavelengths were measured over representative 
lengths for three ripple sets, and the mean wavelengths 
were 36, 22, and 29 cm. Amplitude was estimated to 
be approximately 0.5 cm. Typical wind ripples have a 
wavelength of 5–20 cm and an amplitude of 0.5–1.0 
cm [2,3,4]. The longer wavelengths of these ripples are 
most likely due to the grain size of the sediment, which 
is a coarse sand with an abundance of granules (1–4 
mm median grain-size particles). The mean size of 
sand comprising ripples was coarser than that of the 
underlying sandy sediment, but grain-size variation 
from trough to crest was visually indistinguishable. 
These observed wind ripples in basaltic sediments may 
serve as valuable analogs for similar features on Mars, 
including “transverse aeolian ridges” (TARs) [5,6]. 

Other aeolian features: Sand streaks (also known 
as sand stringers) at Sunset Crater taper to the north-
east according to the prevailing wind direction. They 
are linear surficial deposits (≤25 cm in thickness), but 
retain a relatively constant width in the downwind di-
rection. Some sand streaks extend downwind for more 
than a kilometer and may be 200 m in width. Both 
light- and dark-colored sand streaks have been ob-
served on Mars. To the northeast and east of Sunset 
Crater, falling dunes occur in the lee of Woodhouse 
Mesa and along other escarpments.  These dunes are 
accumulations of sand on the downwind side of topog-
raphic highs. The falling dunes observed in this study 
are poorly developed and thin, lacking a prominent 
ramplike structure. In some locations they can be con-
sidered simple cliff-top dunes or sand streaks. Similar 
topographic obstructions are abundant on Mars and 
may serve as a sediment sink [5].  

Discussion: For all collected samples (ripple, cop-
pice, and interdune corridor), the percentage of nonba-
saltic particles ranged from 2 to 6%, meaning the sam-
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ples are overwhelmingly composed of basalt fragments 
and related mineral grains. Quartz-rich dust forms the 
majority of the fraction in the pan and is most likely 
accretionary aeolian silt. For medium-sand-to silt-size 
fractions, the percentage of nonbasaltic particles gen-
erally increases as grain size decreases. 

Grain-size analysis also provides a method to sepa-
rate each sample into gravel, sand, and silt fractions. 
As anticipated for volcaniclastic aeolian deposits, the 
samples are dominated by the sand-size fraction, rang-
ing from almost 100% sand to 74.6% sand for one 
interdune corridor sample (009). No sample had more 
than 1.6% silt. While other authors report silt-rich cop-
pice dunes [7], the coppice dunes at Sunset Crater are 
primarily formed of sand-size grains.  

Finally, there is a coarse sand/granule surface lag 
found primarily across the lower elevations of the 
study site as the geographic setting transitions to the 
adjacent Painted Desert. This armoring consists of a 
thin (approximately 5 mm or one or two particles in 
thickness), surface layer above a fine-grained sub-
strate. Well-developed desert or stone pavements are 
found on abandoned alluvial surfaces, stabilized sand 
sheets and sand ramps, and aeolian mantles on lava 
flows [8]. The surface veneer at the study site, which is 
influenced by the initial tephra-fall deposit, is volcani-
clastic and acts as a coarse sand sheet. Aeolian aggra-
dation—rather than deflation—is proposed to be the 
major formative mechanism as particles undergo syn-
depositional lifting with an accreting soil layer [9,10]. 
In the Sunset Crater region, the upward migration of 
coarse particles is most likely aided by alternating wet-
ting and drying as well as freezing and thawing. Be-
cause of the recent age (<1 ka) of the Sunset Crater 
eruption, infiltration of quartz-rich silts transported 
largely as windblown suspended load is minimal—as 
demonstrated by our analyses—and is still in the initial 
stages. Instead, volcaniclastic aeolian particles com-
prise the fine-grained component and may facilitate 
aggradation. 

Conclusion: There are numerous questions regard-
ing dunes on Mars that could be answered by thor-
oughly studying analogous dune environments like the 
Sunset Crater region and by analyzing and comparing 
satellite data of Martian dune fields and the Sunset 
Crater dune field. Field work and laboratory analyses 
have helped describe the morphology, morphometry, 
and granulometry of several coppice dunes as well as 
other aeolian features across a study site dominated by 
volcaniclastic sediments. This baseline of information 
is helping to focus a potential Martian analog study 
and increase our understanding of the role of topog-
raphic obstacles in dune formation, physical properties 
of dune sands, sand/saltation transport, and the sedi-

ment history in regions dominated by aeolian proc-
esses. 
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Fig. 2. Histograms for six sieved samples: (a) Coppice dune sample 
002, D (distance from Sunset Crater) ═ 17.5 km, x (mean) ═ 1.29 phi 
(0.409 mm), σ (standard deviation or sorting) ═ 0.98 phi; (b) Cop-
pice dune sample 001, D ═ 13.6 km, x ═ 0.762 phi (0.590 mm), σ ═ 
0.94 phi; (c) Coppice dune sample 008a, D ═ 10.4 km, x ═ 0.00588 
phi (0.996 mm), σ ═ 1.4 phi; (d) Coppice dune sample 81205-1, D ═ 
19.8 km, x ═ 2.03 phi (0.245 mm), σ ═ 1.0 phi; (e) Interdune corri-
dor sample 009, D ═ 10.4 km, x ═ −0.332 phi (1.26 mm), σ ═ 1.7 
phi; and (f) Wind ripple (1 cm surface) sample 016, D ═ 10.8 km, x 
═ 0.196 phi (0.873 mm), σ ═ 1.3 phi. 
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