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Introduction: Mafic (Mara, Coronation, Jake-
Matijevic) and light-toned igneous rocks (Stark and 
Thor Lake) were initially observed by the Curiosity 
rover close to the Bradbury landing site from sol 1 to 
55 in the Humocky plain unit [1,2]. Since leaving the 
fluvio lacustrine deposit of Yellow Knife Bay  (sol 
326), the rover is back to hummocky unit and an in-
creasing number of light-toned rocks dominated by 
feldspars  have been observed along the traverse from 
sol 326 to sol 511. Textural and chemical analyses 
using ChemCam Remote Micro Imager (RMI) and 
Laser Induced Breakdown Spectroscopy (LIBS) with a 
∼300-500 µm laser spot allow the recognition of a total 
of 23 igneous targets (out of 122 locations totaling 680 
series of laser shots) ranging from mafic targets where 
feldspars form at least 50% of the rock to felsic sam-
ples where feldspar is the dominant mineral.  
Methodology: ChemCam offers the first opportunity 
to assess mineralogical diversity at grain-size scales 
and, from this, lithological diversity. Key element 
ratios (Al/Si, (Fe+Mg)/Si) and oxide concentrations are 
quantified from the spectral characteristics of the target 
using univariate analysis which uses the peak height of 
well-chosen LIBS lines and calibration curves derived 
from on-board ChemCam calibration targets (CCCTs 
including 3 basaltic glasses and 1 felsic macusanite 
glass and 4 ceramics [3,4] .  
Rock morphology and texture: Rocks are mainly 
floats but some light toned material are partly buried. 
Floats are faceted due to wind erosion. Some targets 
form clasts in conglomerate (Fig.1a). Rocks grade in 
color from dark grey to light-toned felsic rock. From 
morphology, color, grain size, and patina, 5 different 
groups of supposed igneous rocks have been identified 
(Fig.1) : (1) porphyritic type with light-toned, bladed 
and polygonal crystals 1-50mm in length set in a dark 
gray mesostasis (Harrison type, 11 targets, Fig. 1a,b); 
(2) coarse-grained type with visible (mm size) dark 
and light toned grains (La Reine type, 5 targets, 
Fig.1c); (3) coarse grained light-toned often chunky 
strongly weathered rocks (Bird river type, Fig.1e, f); 
(4) light-toned granular rocks (Clinton type, 6 targets, 
Fig.1d,g); (5) light-toned rocks with no visible grains 
sometimes vesiculated or forming flat targets (Becraft 
type, 4 targets, Fig.1h). Porphyritic targets of type 1 
including some altered rocks of type 3 have textures 
indicative of extrusive lavas, whilst type 2 and type 4 
exhibit granoblastic texture corresponding to intrusive 

rocks. Vesiculated rocks of type 5 could be either pum-
ice or melted rocks resulting from impact. 
 

 
Figure 1 : MastCam, MAHLI and RMI images depicting 
different rock textures: a) porphyritic clast Harrison in 
conglomerate (MastCam); b) porphyritic Harrison (RMI);c) 
coarse-grained La Reine (RMI);  d) coarse-grained, intrusive 
Clinton (MAHLI) ; e) chunky, weathered Little Wind River 
(MAHLI); f) chunky weathered  Bird River (RMI); g) coarse 
intrusive Clinton (RMI); h) vesiculated Becraft (RMI). 
Chemical composition and mineral inference: Quan-
tification of the 23 anhydrous targets have been plotted 
in Al/Si vs. (Fe+Mg) / Si (mole %) diagrams (Fig 2 
and 3) where felsic minerals (quartz, plagioclase solid-
solution, nepheline) plot on the Y-axis whilst mafic 
ones (HCP, LCP, olivine, oxides) plot on the X-axis. 
Porphyritic type and coarse grained type (Robin Hood, 
Horlick, green symbols in Fig. 2) plot on the same 
mixing line between oligoclase (Al/Si  0.38-0.44; An 
10-28) and mafic composition. The porphyritic type 
has mafic points gathered on the central part of the line 
indicative of very fine grained (with respect to LIBS 
beam size) or glassy mesostasis with basaltic composi-
tion. On the countrary, coarse grained rocks (La Reine, 
Ashuamipi, Black Trout, Beacon) have a  mafic com-
ponent consistent with augite mineral phase. 
 

 
Figure 2: Porphyritic (type1) and coarse grained (type 2) 
rocks plotted in Al/Si vs. Fe + Mg/Si (mole%) diagram. Blue 
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symbols represent Bradbury targets whilst green one corre-
spond to post sol 326 targets. Purple symbols represent the 
calibration targets CCCTs. 
Felsic rocks (Fig.3) plot on (or close to) the Y-axis. 
Light-toned rocks such as Clinton (type 4: red sym-
bols) plot on a mixing line between oligoclase-albite  
(Al/Si: 0.48-0.33 ; An30-0) and a silica-rich compo-
nent. Chunky weathered rocks (yellow symboles) are 
not aligned but show some scaterring that may be due 
to alteration. Vesiculated light-toned rock such such as 
Becraft (type 5: mustard symbols) have compositions 
close to the macusanite CCCT, a rhyolitc glass (Al/Si 
< 0.33), indicative of silica satured rocks mixed with 
an alkali-feldspar component.  
 

 
Figure 3 : Chunky weathered (type 3 in yellow), light-toned 
granular (type 4 in red), light-toned with no visible grain 
(type 5 in mustard) plotted in the same diagram as figure 2 
 
Barium in type 5 spectra reaches concentrations of 
more than 1000 ppm whilst the other targets contain 
less than 700 ppm. Major and trace elements (Ba and 
Rb) clearly point to the existence of K-rich feldspars in 
light toned samples although no grains are visible.  
Tentative whole rock compositions have been calcula-
tion where possible (e.g. raster of 16 points for coarse 
grained rocks or averaging different points in a given 
target when they show similar composition). These 
calculations show two trends; a quartz-normative trend 
including rocks from type 4 and 5 which are close to 
diorite, quartz diorite, and a nepheline-normative trend 
(type 1, 2, and 3) that plot in the basaltic trachy-
andesite and trachy andesite (type 1) and monzonitic 
(type 2) fields of the TAS diagram.  
Discussion: The trachy-basalts showing porphyritic 
texture as well as the monzonitic coarse-grained rocks 
plot along the oligoclase-HCP mixing line which dif-
fers from Bradbury rocks (Coronation,  Mara) which 
plot along andesine-LCP trend. Interstingly the mon-
zonitic clast from the Noachian  breccia NWA7533 [5]  
plots on the same mixing line as type 1 and 2. Some 
rocks of types 1 and 2 form clasts in polymict con-
glomerates (Fig.1a). Therefore monzonitic as well as 
trachytic fragments could originate from Gale crater 
rim. 

Felsic targets of type 5 have the same composition as 
Stark. Comprised of major elements Si, Al, Na and K 
and high in  Ba  [6] they are the first felsic alkali-rich 
volcanic rocks analyzed in-situ so far on Mars. From 
their vesiculated texture they could be ejecta although 
possible connection with the Medusae Fossae For-
mation should be tested. Finally, types 3 and 4 could 
be related, the former being an altered form of the 
later.  
 
Conclusion: The abundance of feldspar-rich composi-
tions is one of the most striking magmatic features 
encountered so far at Gale crater. In addition, coarse-
grained soils that characterized the hummocky plains 
are also dominated by felsic-rich mineralogy [7] con-
trasting with fine-grained soils in the Rocknest area, 
similar to the average mafic soil component on Mars 
[8]. Major and trace element chemistry (i.e., Ba and Rb 
[6]) clearly points to the existence of feldspars with a 
significant K-rich orthoclase component as a principal 
mineral in magmatic rocks studied by ChemCam in the 
hummocky plain. Such feldspars have been recently 
described for the first time in two SNC meteorites, the 
Noachian breccias NWA 7034 and 7533 [5,9]. Finally, 
felsic rocks with quartz normative compositions have 
been analyzed for the first time in the post-Shaler unit. 
This result provides further evidence to support a high 
degree of differentiation of primary mantle-derived 
magma sufficient to achieve saturation in alkali feld-
spar. Overall, the in situ ChemCam data from Gale 
provide unprecedented insights into the diversity of 
igneous rocks at the surface of Mars. From these initial 
MSL data it appears likely that alkali feldspar-bearing 
rocks are present as ejecta and alluvial fan detritus in 
the Gale landing site, potentially representative of 
material from the region surrounding Gale [1]. The 
extent of the source region of these rocks will have to 
be determined from orbit. Possible connection with 
Medusae Fossae Formation materials remains to be 
tested [10] as does the possibility that large regions of 
feldspar dominated lithology occur in the rim [11] and 
the floor [12] of large craters from the southern high-
lands.  
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