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Introduction: Since the last decade, the vision of a 
‘mostly basaltic’ martian crust has been largely dis-
rupted with the unexpected discovery of evolved igne-
ous rocks in Gale crater from Noachian time (> 3.8 
Gyr) [1,2], felsic igneous clasts dated at 4.43 Gyr with-
in the regolith martian breccia NWA 7533 and its 
paired stones [3-7], and orbital observations of feld-
spar-rich rocks in the southern hemisphere [e.g., 8]. 
Although enriched and depleted shergottites mostly 
dated at < 600 Myr have been interpreted as coming 
from a (ultra)mafic primitive mantle source and meta-
somatized mantle melts or magmas contaminated by 
the crust [9], these evolved materials highlight the 
occurrence of an evolved magma in the early Mars [1-
7,10-11]. This study aims to investigate the composi-
tion and the mineral assemblages of felsic rocks and 
clasts from Gale crater and the Noachian breccia re-
spectively: they can tell us more about the primitive 
melts and the ancient martian crust.  

Felsic Igneous Rocks in Gale Crater: Gale crater 
is located at the boundary of the smooth northern 
plains and the older craterized highlands of the south-
ern hemisphere. Onboard the Curiosity rover that trav-
els within this crater dated at 3.5-3.7 Gyr, the Chem-
Cam suite is able to analyze the major and trace ele-
ment compositions of materials, often at a mineralogi-
cal size scale, using laser induced breakdown spectros-
copy (LIBS), and to contextualize those measurements 
with a remote micro imager (RMI) [12-15]. In addition 
to the discovery of basalts and gabbros, LIBS allowed 
the analysis of numerous unexpected noachian felsic 
igneous float rocks including an alkaline suite of rocks 
(trachyandesites and trachytes) and a subalkaline suite 
of rocks (diorites and quartzodiorites), reflecting an-
cient evolved melts [1-2,10] (compositions in Fig. 1-
2).  

 
Figure 1. Box plots of wt. % in major and ppm in trace 
elements in trachyandesites (A, D), trachytes (B, E) and 

diorites (C, F) observed by ChemCam in Gale crater. The 
median is the line in the middle of the box, the lower edge of 
the box is the first quartile, and the upper edge is the third 
quartile. The black lines on each side extend to the most 
extreme values except the outliers (gray crosses).  Orange 
points represent the trachyandesite clasts of NWA 7034 [4] 
and the red points are the monzonite clasts of NWA 7533 [3]. 

 
Figure 2. TAS diagram modified from [1] of felsic igneous 
rocks and clasts from Gale and from the martian breccia 
respectively. The bulk composition of NWA 7034 and 7475 
are also indicated [3,5].  

In addition, thanks to a small laser spot diameter (350-
550 µm) [12], individual minerals have been detected 
in the rocks: feldspars including alkali feldspars in 
trachytes and oligoclases and andesines in other felsic 
igneous rocks, pyroxenes like pigeonite and augite, 
and Fe-(Ti)-oxides [2]. 

Felsic Igneous Clasts in the Breccia: Since its 
discovery in 2012, several martian meteorites have 
been identified as regolith breccias including NWA 
7533/7034/7475, and each of them contain igneous 
clasts dated at 4.43 Gyr [3-7]. For the first time ob-
served in a martian meteorite, although several clasts 
have been identified as basalts and norites, some of 
them are leucocratic monzonites and trachyandesites 
clearly tracing an ancient evolved magmatism [3]. 
Incompatible element contents like K2O, Rb and Ba in 
monzonites are incredibly high in comparison with the 
average of the martian crust (> 5.0 wt. % versus 0.45 
wt. %, Rb > 326 ppm versus 13 ppm, Ba > 345 ppm 
versus 55 ppm, Fig. 1-2) [3,16]. Those clasts are main-
ly formed by alkali feldspars including orthoclases, 
anorthoclases and some oligoclases, pyroxenes like 
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augite, Cl-apatites and ilmenites [3-7].  
Gale Felsic Rocks and Felsic Clasts from the 

Breccia: Those two distinct datasets, one being a mar-
tian meteorite and the other being igneous rocks ana-
lyzed in situ, provide clear evidences of ancient 
evolved melts. Their felsic and alkaline compositions 
and their enhancement in Rb and Ba contents point 
towards incompatible-rich magmas. However, as 
shown in Fig. 1 and 2, there are some clear differences 
between monzonitic clasts and Gale felsic igneous 
rock compositions. Indeed, monzonites systematically 
contain higher K2O and Rb contents and lower Na2O 
concentrations for same SiO2 contents in comparison 
with all Gale felsic rocks. This results in more elevated 
alkali totals. This can be explained by the occurrence 
of orthoclases in the brecciated clasts that have not 
been found in the igneous rocks from the crater [2-7, 
10]. Those differences may be due to the distinct na-
ture of monzonites and Gale igneous rocks, and/or 
monzonites might be more differentiated. However, 
the distinct trend between the clasts and Gale rocks in 
the TAS diagram may suggest that they originated 
from distinct reservoirs.  

Note that work is also ongoing to improve the ac-
curacy of high-alkali material compositions in situ 
[17]. 

Early Melt Reservoirs: Fig. 3 displays the frac-
tionation lines of felsic igneous rocks and clasts from 
Gale and the martian breccia. For instance, the distinct 
K/Rb ratios between the terrestrial MORB and conti-
nental crust (1071 and 296 respectively) reveal two 
distinct reservoirs, the first being more depleted than 
the latter [18]. 

 

 
Figure 3. K versus Rb plot showing igneous rocks from Gale 
crater data and igneous clasts from the martian breccia 
NWA 7533 compositions relative to major rock types, miner-
als and the SNC meteorites. The average of soils analyzed by 
ChemCam is also shown by a light blue circle [19]. Terres-
trial K/Rb ratios of the terrestrial continental crust and mid-
ocean ridge basalts (MORB) are also shown [18]. The dark 
blue horizontal line is the median K% measured by the 

Gamma-Ray Spectrometer (GRS) for the Gale area (K = 
0.33 +/- 0.03) [20]. 

As shown in Fig. 3, monzonite and norite clasts from 
the martian breccia are on the same fractionation line, 
with a K/Rb 3 times lower than the terrestrial continen-
tal crust’s. This suggests that the melt from which 
these clasts come is more enriched in Rb than those 
from which the continental crust originated. In addi-
tion, most trachyandesites from Gale displaying the 
same ratio are surrounded by monzonites and norites, 
above the K median of Gale crater, revealing the same 
fractionation trend and a potential melt relationship 
between those materials.  
Concerning Gale trachytes, they display a ratio similar 
to the terrestrial continental crust, i.e., approximately 3 
times higher than the meteorite source. This suggests a 
more Rb-depleted magmatic source for Gale trachytes.  
These observations reveal two distinct melt sources 
that  could explain the distinct trend between trachyan-
desite-monzonite clasts and Gale trachyandesites-
trachytes in Fig. 2. 

Conclusion: The evolved materials analyzed in 
situ in Gale crater and in the martian meteorite clearly 
provide some details about the earliest differentiated 
melts. The enhancement in potassium and rubidium in 
monzonitic clasts in comparison with Gale trachytes 
suggest several evolved sources. It would be surprising 
that these two kinds of ancient felsic materials are 
local anomalies like plutons. First, according to this 
work, Gale trachyandesites could have originated from 
the same source as the igneous felsic clasts from the 
breccia while the latter are not supposed to come from 
Gale crater [5]. Second, the orbital observations of 
several sparse Noachian areas displaying feldspar-rich 
rocks clearly strengthen global evolved terrains rather 
than localized anomalies. All these observations and 
materials suggest that they are potential remnants of an 
evolved crust, which has been ultimately hidden by 
resurfacing by basalts and sediments.  
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