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Introduction:  The MSL Curiosity rover landed in 

a lithologically diverse region of Mars [1, 2].  As ex-
ploration of Gale Crater is ongoing, the amount of ge-
ochemical data collected continues to multiply. Work-
ing with diverse, and growing datasets requires corre-
lation of rocks of similar composition for the develop-
ment a common language and models for geologic and 
geochemical processes.   

Classification Scheme: We here build from a sim-
ple rock classification scheme for MER data from 
Gusev Crater [3], whereby rocks were classified based 
on elemental compositions measured by the Alpha 
Particle X-ray Spectrometer (APXS). The MSL APXS 
measures abundances of major, minor, and some trace 
elements (Cr, Ni, Zn, Br, Ge) of ~1.7 cm spots on sur-
faces of rocks and soils [4].  Geochemical classes are 
named for a prominent rock or outcrop.  In some in-
stances, related, yet distinct subclasses are also de-
fined.  Rock target surfaces were examined by the 
APXS as is, excepting 3 brushed targets in Yellow-
knife Bay, and so all analyses are variably contaminat-
ed by dust.  To account for the S- and Cl-rich dust, all 
analyses are renormalized S- and Cl-free. 

One way the MSL payload differs from MER, 
however is there are two instruments capable of deter-
mining rock chemistry – the APXS [4] and ChemCam, 
which utilizes Laser Induced Breakdown Spectroscopy 
(LIBS) to determine compositions of 300-400 µm 
spots [5].  Integration of the two datasets by the MSL 
science team is ongoing.   

Another distinction from Gusev is that extensive 
geologic and geomorphic mapping of the Gale landing 
ellipse, a largely sedimentary setting with HiRISE im-
aging has been conducted [6].  Geochemically distinct 
classes that share certain traits (e.g., high or low K2O) 
were found to generally correlate with geomorphic unit 
and with stratigraphic position in the Yellowknife Bay 
Formation [1].  We define such geological and geo-
chemical groupings of rock classes as assemblages [2]. 

Rock classes: Up to sol 360, the MSL APXS has 
examined two assemblages (Bradbury and Lower) that 
encompass seven rock classes, and one subclass. Rocks 
are broadly interpreted as igneous or sedimentary, and 
sedimentary rocks largely preserve the composition of 
their igneous protoliths with little modification little by 
chemical weathering [1, 2].  A total alkali versus silica 
diagram (Fig. 1) for igneous classification indicates 

rock compositions range from basaltic to trachybasaltic 
to mugearitic/phonotephritic (Fig. 1).   

 
Fig 1. Total alkali vs. silica diagram for APXS analyses of Gale rock 
classes to sol 360, SNC meteorites, and select landed mission da-
tasets (modified from [2]). RU and RB are unbrushed and brushed 
analyses. 

Bradbury assemblage. The Bradbury assemblage 
includes the first four rocks examined by APXS during 
the initial traverse [2], as well as others examined later 
during the traverse of the Hummocky Plains (HP) unit 
on the Rapid Transit Route (RTR) to Mt. Sharp.  Clas-
ses comprised by this assemblage share high K2O (>~1 
wt%) abundances (Fig 2A). 

The Jake Matijevic (Jake M) class consists of two 
float rock targets of the HP unit (Jake M and RTR rock 
Matthew; sols 46 and 360) that are rich in Na, K, and 
Al (up to 7.1 wt% Na2O). Rock surfaces are pitted and 
possibly vesicular. A volcanic origin and mugearite 
classification is based on likeness to terrestrial ocean 
island alkaline suites [7]. The multiple Jake M class 
APXS (and ChemCam) analyses of HP floats suggests 
this class is a significant component of the HP unit. 

The Bathurst Inlet class includes the fine-grained  
bedrock target Bathurst_Inlet (sol 54) [2], as well as 
two more (Pine_Plains and Rensselear; sols 441-442).  
Bathurst_Inlet has high MgO (8.6-8.9 wt%) and low 
SiO2 (43.8 wt%) and is most notable for its elevated 
K2O (up to 3.0 wt%) and Zn (1210-1332 ppm; Fig 2).  
These rocks are interpreted to be a fine-grained basal-
tic sandstones/siltstones with compositions largely 
reflective of its igneous precursor materials. 
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The Rocknest3 class includes one near in place tar-
get (Rocknest3, sol 102) next to the Rocknest sand 
shadow and one bedrock target (Dismal Lakes, sol 
304) of the Point Lake outcrop [6]. These rocks have 
high K2O (1.7-1.9 wt%), are intermediate in composi-
ton to Jake M and Bathurst class rocks, and are inter-
preted to be the product of mixing between Jake M-
like and Bathurst-like materials, likely by sedimentary 
processes [2].  

The Et Then class is named for a float rock target 
(sol 91) next to the Rocknest sand shadow. The vuggy-
textured rock contains a very high abundance of FeO* 
(total Fe as FeO) of 26.3 wt% and low MgO (4.2 
wt%), Al2O3 (8.4 wt%), and Cr2O3 (0.1 wt%). High Fe 
is thought to result from a Fe-oxide cement or coating 
[2], possibly added to a Rocknest3 class rock [8]. 

Bell Island class. The Bell Island class includes the 
dusty Bell Island bedrock target (sol 117), three bed-
rock targets examined at the Shaler cross-bedded sand-
stone outcrop (sols 322-323), and the Snake River tar-
get (sol 149) interpreted to be a sedimentary dike 
cross-cutting the underlying units. Compositions are 
basaltic and range from moderate to low K2O (0.42-1.1 
wt%), which suggests these rocks are transitional to the 
Bradbury and Lower assemblages. These rocks stand 
out for ranging to relatively high Cr2O3 (up to 0.8 
wt%) with moderate Ni (Fig. 2). 

Lower assemblage. The two classes and one sub-
class of the Lower assemblage were examined at Yel-
lowknife Bay, where a drill campaign was done [6, 7].   

The John Klein class includes 3 brushed and 18 
unbrushed Sheepbed mudstone bedrock targets and a 
Gillespie sandstone bedrock target [1] (sols 129-287).  
These rocks are relatively uniform, Fe-rich, and alkali-
poor (18.6-22.6 wt% FeO*, 0.3-0.8 wt% K2O). Ni is 
elevated and variable (446-921 ppm; Fig 2). High 
FeO*/MnO suggests redox reactions involved in its 
diagenesis.   

The Mavor subclass of the John Klein class in-
cludes 5 Sheepbed mudstone bedrock targets (sols 154-
165) with abundant white, cross-cutting veins and high 
Ca and S content (up to 28.0 wt% SO3).  CheMin anal-
ysis of the John Klein sample suggests these veins are 
a hydrated CaSO4, likely bassanite [9]. The Mavor 
subclass is not plotted in Figs 1 and 2 because the S- 
and Cl-free renormalization of the data to account for 
the dust produces unrealistic compositions.  

The Yukon class is named for a target with lots of 
small, rounded pebbles (sol 161) and another target 
Maya examined along the RTR (sol 373). Yukon has 
higher Al2O3 and lower Cr2O3 than John Klein, and 
may be a mixture of Jake M-like and John Klein-like 
materials. 

Discussion: Geochemical variations of diverse li-
thologies suggest mixing between at least three sedi-
ment components ±Fe-oxide cement, ±sulfate veins 
(Jake M, Bathurst, and John Klein; Fig. 2).  Identifica-
tion of the endmember and intermediate rock classes 
allows the construction of sediment mixing models.  
The best method for distinguishing the Gale rock clas-
ses is by minor and trace elements detectable by 
APXS, including K, Cr, Ni, Zn, which are more varia-
ble than the major elements, particularly for the more 
mafic classes (Fig. 2). One minor element, K, is a use-
ful stratigraphic marker and likely reflects a greater 
input of alkaline and feldspar-rich materials in the 
Bradbury assemblage rocks [2]. 

 
Fig 2. Variation diagrams of Gale rock class compositions in wt%, 
unless noted.  A. K2O vs. Al2O3. B. Cr2O3 vs. FeO* C.  Zn vs. Ni. 

References: [1] McLennan et al. (2013) Science, 
doi:10.1126/science.1244734. [2] Schmidt et al. (in 
press) JGR. [3] Squyres et al. (2006) JGR 111, 
E02S11. [4] Gellert et al. (this meeting). [5] Wiens et 
al. (2012) Space Sci. Rev. 170:167-227. [6] Grotzinger, 
et al. (2013) Science, doi:10.1126/science.1242777. [7] 
Stolper et al. (2013) Science 341, 1239463. [8] Blaney 
et al. (this meeting). [9] Vaniman, et al. (2013) Science 
doi:10.1126/science.1243480. 

1504.pdf45th Lunar and Planetary Science Conference (2014)


