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Introduction:  Impact shattering of bedrock, wind-

driven transport, and sorting have been identified as the 

primary processes modifying the size, shape, and 

roundness of basalt-derived sediment “soils” at the 

Mars Exploration Rover (MER) landing site at Gusev 

Crater [1, 2] and these processes are recognized as 

being important for shaping the surface of Mars [3]. In 

addition to the physical modification of sedimentary 

grains, bolide impacts, transport dynamics, and hydro-

dynamic sorting can also be major sources for compo-

sitional modification. Chemical compositions of sedi-

ments in Gusev Crater are in part controlled by mixing 

sediment from multiple sources and by the selective 

sorting of dense FeOT+MgO-bearing minerals (e.g., 

olivine, pyroxene) from basaltic lithic fragments [2]. 

With the potential for active aeolian environments [4, 

5], it is critical to explore the fractionation effects of 

hydrodynamic sorting of sediments on Mars. The pur-

pose of this study is to demonstrate the possibility that 

compositional changes in martian sediment [2] may 

result from the redistribution of mineral species by 

physical processes, rather than chemical weathering.  

Sample Selection and Analysis:  Two basalt sam-

ples were selected provide a range of protolith compo-

sitions and igneous textures. The first sample is a por-

phyritic trachybasalt (yellow square, Fig. 1) from the 

Cima volcanic field, Mojave Desert, CA, containing 

olivine, plagioclase, and clinopyroxene megacrysts, 

and a groundmass of olivine, clinopyroxene, plagioc-

lase, and equant opaque minerals. The second sample 

is a highly porphyritic vesicular basalt (blue square, 

Fig. 1) from Kilauea volcano, HI, with abundant oli-

vine phenocrysts and a groundmass of olivine, clinopy-

roxene, plagioclase, and equant opaque minerals. To 

produce analog sediments that mimic impact comminu-

tion and aeolian sorting conditions on Mars, bedrock 

samples were crushed and sieved into 0.5  fractions 

from -2.0 to 4.0 . Chemical, mineralogical, and tex-

tural characterizations of rock and sieved sediment 

samples were conducting using point-counting, elec-

tron microprobe, and ICP analyses. 

Compositional Modification by Hydrodynamic 

Sorting:  Plotting major oxides of analog protolith and 

derived sediment samples (Fig. 1) in a total alkali-silica 

diagram (TAS) provides a way to compare the compo-

sitional variations from sorting to the compositions of 

basalt bedrock and “soil” sediment from geochemical 

data collected from the Mars Exploration Spirit (MER) 

Alpha Particle X-Ray Spectrometer (APXS). Cima 

trachybasalt (yellow square, Fig. 1) and Kilauea basalt 

(blue square, Fig. 1) represent high- and low-alkali 

compositions, bracketing most Gusev rocks and soils. 

The range and trajectory of Cima analog sediment (yel-

low points, Fig. 1) are indicated by arrows extending 

away from the Cima trachybasalt composition. Sedi-

ment compositions plot in along the tephra-trachybasalt 

boundary away from the rock in both directions. The 

trend of Kilauea analog sediment (blue points, Fig. 1) 

is show by arrows originating from the Kilauea basalt. 

Note that Cima and Kilauea sediment compositions 

show similar patterns to the trajectory and range of 

sediment in Gusev Crater (diamonds, Fig. 1). Such a 

pattern formed by Kilauea sediment occurs from the 

redistribution of olivine phenocrysts removed and con-

centrated by sorting. 

 
Figure 1. Total alkali content (Na2O+K2O) vs. SiO2 

classification plot for volcanic rocks. Cima and Kilauea 

sediment diverge from the protoliths. Kilauea sediment 

has a compositional spread similar to most soils in Gu-

sev Crater, demonstrating the potential importance of 

hydrodynamic-driven compositional changes. 
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Implications for the Interpretation of Soil Com-

positions:  Accurate characterization of martian sedi-

ment weathering pathways necessitates a distinction 

between compositional changes resulting from the pro-

gressive alteration of unstable mineral species asso-

ciated with chemical weathering [e.g,. 6, 7] and from 

the redistribution of mineral species associated by ab-

rasion and hydrodynamic sorting [e.g., 2]. 

Chemical weathering of sediment is commonly cha-

racterized using an A-CNK-FM plot (Fig. 2), and is 

used here to compare compositional trends from analog 

sediment with sediment from the MER landing sites. 

Cima (yellow points, Fig. 2) and Kilauea (blue points, 

Fig. 2) sediments plot subparallel to the olivine-

feldspar join. As shown with arrows, sieved sediment 

samples diverge away from their respective bedrock 

sources, with an increase and decrease in FM composi-

tions. Accumulations of olivine in Kilauea sediment, 

and of olivine and pyroxene in Cima sediment, are 

shown by movement towards the FM apex. The remov-

al of FM-bearing minerals causes sediment to move 

away from the FM apex. Pyroxene and olivine are 

present primarily in the groundmass of Cima sediment, 

and have minor compositional variation when sorted by 

grain size (Fig. 3a-c). A greater range in FM chemistry 

(blue points, Fig. 2) for Kilauea sediment (Fig. 3d-f) is 

attributed to the redistribution of abundant olivine phe-

nocrysts. Coarse sediment (0 , Fig. 3d) resembles the 

composition of the protolith, while liberated olivine 

grains are concentrated at 2  (Fig. 3e), and are also 

present at 4  (Fig. 3f). 

Despite different initial basalt compositions, Cima 

sediment match the trajectory, and Kilauea sediment 

match the general range and trajectory of sediment in 

Gusev Crater and Meridiani Planum (Figs. 2, 3). Such 

trends can be produced from the sorting of shattered 

basalt bedrock and do not require chemical weathering. 

This experimental approach provides a starting point to 

understand surface processes active on Mars. These 

results demonstrate the capability of compositional 

modification from physical sorting, link textures with 

sediment compositions, and must be considered when 

interpreting the composition and weathering pathways 

of sediments examined by the Mars Science Laboratory 

(MSL) Curiosity Rover at Gale Crater. 
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Figure 2. Molar proportions of A (Al2O3), CNK 

(CaO+Na2O+K2O), FM (FeOT+MgO) for Cima and 

Kilauea sediment, extending from bedrock, towards 

and away from the FM apex, with the accumulation 

and removal of olivine and pyroxene in the absence of 

chemical alteration, with a trajectory that resembles 

Gusev Crater and Meridiani Planum soil. 

 
Figure 3. Comminuted and sieved sediment. Cima 

samples have few isolated minerals in A) very coarse 

and B) medium sand C) but pyroxene and olivine 

grains are abundant in very fine sand. In Kilauea sam-

ples, a small number of isolated olivine grains are visi-

ble in D) very coarse sand, but grains are concentrated 

in E) medium sand, F) and very fine sand samples. 
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