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The prevalence of a particular mineral as a sand-forming material is dependent upon the 
abundance of the material in the source rock, the rate at which the material is formed, and the 
rate at which the material is destroyed by mechanical and chemical weathering. For these 
reasons, most aeolian dune sands on Earth are composed mainly of quartz [I-31. Other 
commonly recognized dune sands are composed of evaporites [4,5], carbonates [6], or clay 
aggregates [7]. Still other dune sands are volcaniclastic in origin, but very few papers have 
been written which specifically address these dunes. Volcaniclastic dunes are of interest 
because: (1) they may be compositional analogs to martian dune sands, and (2) their physical 
characteristics might help to establish criteria by which to distinguish cross-bedded sediments 
formed by primary igneous processes (such as base surge) from secondary aeolian reworking 
of pyroclastic deposits, as discussed by Smith and Katzman [8]. Here, we discuss the martian 
dune case and describe terrestrial examples of dunes with 2 50% volcaniclastic materials. The 
terms volcaniclastic, epiclastic, and pyroclastic are used as defined by Fisher and others [9-121. 

Martian Aeolian Sands. Dunes are seen in a wide variety of locations on Mars [e.g. 
13-16]. The composition of martian dune sands presently remains unknown, but several lines 
of evidence suggest that many might consist of mafic minerals and rock fragments [17,18]. 
Quartz sands are not likely on Mars because magmas probably never became differentiated 
enough to produce large amounts of quartz [19,20]. The Viking lander samples had low K20 
and A1203 abundances, indicating mafic rather than granitic parent materials for soils present in 
those regions [21]. Spectral reflectance results indicate the presence of an Fe2+ absorption band 
near 1 pm (indicative of pyroxenes, olivines) for dark, sandy areas like Syrtis Major [22], and 
preliminary examinations of IRTM-derived mid-infrared emissivity results also suggest mafic 
sands on Mars [23]. In addition, all of the dunes seen so far on Mars tend to have a low 
albedo, suggestive of dark-colored materials like mafic or opaque minerals. Geissler et al. [24] 
identified one possible volcaniclastic dune field on the floor of Valles Marineris, proposed to 
consist of mafic, glassy pyroclasts. Other volcaniclastic sands might include the probable rnafic 
sands on the volcanic shield, Syrtis Major [25]. 

Terrestrial Volcaniclastic Dunes. Our examination of terrestrial volcaniclastic 
dunes has included an extensive literature search (only the major references are given herein) 
and preliminary field examination of the North American examples. Dunes composed largely of 
basaltic sands are found in Iceland [26,27], Hawaii [28], east of the San Francisco volcanic 
field, Arizona [29,30], near Moses Lake, Washington [31], Peru [32,33], and the west coast of 
the North Island, New Zealand [e.g. 34-36]. Volcaniclastic dunes of other compositions occur 
in a variety of locations, including the Great Sand Dunes of Colorado [37], various dunes in 
S.E. Oregon [38-401, dune-forms near Mono Lake, California [41], Isla San Benedicto, 
Mexico [42], Viti Levu, Fiji [43], and New Zealand [e.g. 34,36,44]. 

Terrestrial volcaniclastic dunes have a variety of origins and occur in several different 
environments. Most of them are found in inland, arid regions, but coastal volcaniclastic dunes 
occur in New Zealand, Fiji, and other volcanic islands. Some of the sands are pyroclastic in 
origin. For example, much of the dune sands in S.E. Oregon are pumice and feldspar, and the 
dunes in Arizona and Hawaii (Ka'u Desert) are composed of basaltic ash. Other volcaniclastic 
aeolian sands are epiclastic in origin (eroded from lavas), such as the basaltic sands in the 
Quincy Basin, Washington, and the Great Sand Dunes, Colorado (which contain > 51% San 
Juan volcanic rock fragments). The dunes are generally composed of sands previously 
deposited by some other means. In some cases, a pyroclastic deposit has been directly 
reworked by the wind (and minor fluvial run-off); this may have occurred in the case of the ash 
dunes in Arizona and Hawaii, and it is the proposed mechanism by which cross-bedded pumice 
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sands investigated by Smith and Katman [8] were deposited. Lake sediments are another 
source for volcaniclastic dune sands; for example, the dunes in the Quincy Basin, Washington, 
formed from reworking of epiclastic sands deposited by the Spokane floods [e.g. 3 1,451; and 
the feldspar-pumice dunes of S.E. Oregon formed from the reworking of Pleistocene lake bed 
sediments of both pyroclastic and epiclastic volcanic origins [39]. Finally, some volcaniclastic 
dune sands are reworked beach deposits, as in New Zealand, where wave and wind action have 
formed concentrated deposits of volcanically-derived titanomagnetite and mafic mineral sands. 

Summary. Volcaniclastic sands and dunes probably occur on Mars, as volcanic 
deposits are common there [e.g. 461, and the ruineralogic compositions inferred for martian 
aeolian sands are consistent with the presence of mafic materials, much of which could have 
come from the erosion of volcanic deposits. Terrestrial volcaniclastic dunes are probably the 
best compositional analog to martian dunes, because they commonly contain the types of 
unstable, mafic minerals and feldspars that might occur in martian sands. Terrestrial 
volcaniclastic dune sands have a variety of compositions, origins, and geologic settings. 

Further work on this subject will include field and remote sensing studies of the North 
American volcaniclastic dunes. Preliminary results include: (a) identification of a Mount St. 
Helens 1980 ash layer in the Quincy Basin, Washington dunes, (b) identification of basalt 
fragments (previously not documented) in the S.E. Oregon dunes, and (c) observations of 
pumice and obsidian dunes near Mono Lake, California. The authors would appreciate 
correspondence and comments from others who can provide further details on the composition 
of volcaniclastic dunes outside of North America, especially for dune areas we may have 
missed in our literature review. 
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