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Introduction: Alpha Particle X-ray Spectrometers 

(APXS) have been included on every rover mission so 
far landed on Mars; Sojourner, Mars Exploration 
Rovers (MER) Spirit and Opportunity and Curiosity. 
This has facilitated the geochemical investigation and 
comparison of four different martian locations with 
the same instrument. In particular the Mars Science 
Laboratory (MSL), Curiosity mission has resulted in 
the analysis of more than 750 individual APXS targets 
recording a diversity of rock compositions.  

We highlight the main findings of the geochemi-
cal investigation of Gale crater by APXS, comparing 
the results with those from the previous rover mis-
sions as well as the martian meteorite record. We dis-
cuss the implications for the history of Gale crater, 
and Mars in general. 

Fig. 1: Curiosity’s trav-
erse at Gale crater 

APXS at Gale 
Crater: Curiosity 
landed on Bradbury 
Rise within Gale 
crater in August 2012 
and has since ex-
plored a >20 km trav-
erse and 370 m in 
elevation (Fig. 1). 

Landing to 
Pahrump Hills 

(Bradbury Group): Basaltic composition mudstones 
dominate the lowest elevations investigated by Curi-
osity at Yellowknife Bay (Yellowknife Bay fm; Fig. 
1, 2). They are overlain by a series of more K- and 
alkali-rich coarser grained siltstone, sandstone and 
conglomeratic and alkali-rich, units, which exhibit 
two distinct trends away from basaltic compositions 
and indicate diverse provenance within the Bradbury 
Group. One is towards <Si and >K, Mg, Fe, Mn, Ni 
and Zn (Fig. 2), typified by the end member Kimber-
ley fm sandstones, encountered predominantly be-
tween Cooperstown and Kimberley (Fig. 1) and likely 
derived from a source area comprising both potassic 
trachyte and basaltic igneous rocks [1,2]. The other is 
towards >Si, Al, Na and K, and <Fe, Mg, Cr and Ni 
(Fig. 2) exhibited by siltstones and sandstones imme-
diately overlying the Yellowknife Bay mudstones, as 
well as by coarse sandstones and conglomeratic out-
crops around Darwin (Fig. 1) and other locations 

sampled along the traverse. These sedimentary strata 
trend towards a group of high alkali (>5% 
Na2O+K2O) float rocks sampled predominantly just 
after Cooperstown (Fig. 1), where they were abundant 
and may be not far travelled. These float rocks exhibit 
ambiguous textures and may be igneous. They fall 
along terrestrial, alkaline igneous fractionation trends 
and may be the result of fractionation from an alka-
line magma at high pressure [2,3,4] and the source of 
the alkaline sedimentary rocks. Such high K, and 
strongly alkalic rocks extend the range of such com-
positions previously identified from Spirit [5], and are 
not compatible with SNC meteorite compositions. 
However, a few clasts within martian breccia paired 
meteorites have similar compositions to some of the 
more alkaline rocks analyzed at Gale [6, 7].  

 
Fig. 2: Total alkalis versus silica plot for APXS rock tar-
gets at Gale 

Pahrump Hills onwards (Mount Sharp Group):  
Murray fm - Curiosity started to climb the lower 

slopes of Mount Sharp upon reaching Pahrump Hills 
(Fig. 1) and encountered a thick sequence (~320 m) of 
finely laminated mudstones with interbedded silt to 
sandstone (the Murray fm), interpreted to represent an 
extended period of lacustrine deposition [8]. In con-
trast to the Yellowknife Bay mudstone the Murray fm 
trends away from basaltic compositions to >Si, K, P, 
Fe/Mn, Ge, <Ca and Mg (Fig. 2). In general, Si, Al 
and Ti decrease, and Fe increases with elevation with-
in the Murray fm until the base of the resistant Vera 
Rubin ridge (VRR, Fig. 1). The VRR exhibits a strong 
hematite spectral signature from orbit [9], but is com-
positionally a continuation of the Murray fm, revers-
ing the underlying trend, to higher Si and Al and low-
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er Fe, indicating no bulk addition of Fe to the strata 
that comprise the VRR. Preliminary investigation of 
the Glen Torridon trough beyond the VRR, the site of 
strong clay spectral signatures from orbit, indicate 
that it too is a continuation of the Murray fm, but that 
there are two compositional endmembers; interbedded 
high K and low K strata.  

Diagenetic and alteration features are common 
throughout the Murray [10]. High Mg, Ni and S irreg-
ular resistant features occur at the base of the section 
[11,12]. Higher up the section, dark grey nodular fea-
tures and patches and other features exhibit enrich-
ments in P, Mn and Fe +/- K, Cl, Zn, Mg, Ca and S. 
The change in composition of diagenetic features with 
elevation through the Murray fm indicates a change in 
pore fluid chemistry, and the possibility of at least 
two distinct diagenetic fluids. Chemical trends with 
elevation for the Murray fm mimic the diagenetic 
enrichments indicating that they are not result of a 
change in provenance and/or sorting during transport. 

Stimson fm - The Murray fm is intermittently over-
lain by coarse basaltic composition (Fig. 2) sand-
stones of the Stimson fm, interpreted as aeolian [13], 
and well exposed on the Naukluft Plateau and just 
after Pahrump Hills (Fig. 1).  

High Si Murray and Stimson - Both the Murray 
and Stimson fms exhibit similar textured, but high Si 
equivalents (Fig. 2). A number of the targets are from 
more extensive areas within the Murray fm (e.g., 
Buckskin), whilst others are associated with distinct 
alteration haloes adjacent to fracture zones in both 
formations. All high Si targets exhibit associated en-
richment in P, Ti and Se and high FeO/MnO suggest-
ing acid sulfate alteration followed by a neu-
tral/alkaline fluid infiltration event [14], or Si addition 
during sedimentation and diagenesis [15], or late 
stage mobilization of Si from the Buckskin area and 
deposition in fracture haloes [16]. A silicic volcanic 
protolith source rock for at least some of the more 
extensive Si-rich bedrock has also been invoked [17]. 

Bright, Si-rich soils and Si-rich bedrock investi-
gated at Home Plate, Gusev crater by Spirit were in-
terpreted as fumarolic or hydrothermal in origin [18], 
A hydrothermal origin for some of the high Si, as well 
as other elevated elemental abundances at Gale has 
also been proposed [19] . 

Float rocks encountered on Mnt Sharp Grp – Iso-
lated float rock targets and targets within groups of 
float rocks [20] have been analyzed by APXS. The 
majority reveal compositional similarities to the K- 
and alkali-rich strata and float rocks encountered in 
the Bradbury Grp, some separated by more than 9 km. 
indicating a likely common source.   

CaSO4 veins are ubiquitous and crosscut all sedi-
mentary strata so far encountered at Gale, both paral-
lel/subparallel to, and across bedding consistent with 
post-lithification, late stage fracturing and fluid flow. 
CaSO4 veins have also been described from MER 
indicating that the process of formation may have 
been widespread on Mars. 

Conclusions: The MSL Curiosity APXS has en-
countered a diversity of rock compositions, many of 
which are distinct from martian meteorites and rocks 
encountered on previous missions. This implies varia-
tions in provenance and transport mechanisms for the 
predominantly sedimentary lithologies observed, as 
well as providing indications of alteration and diage-
netic events that may have taken place, either at 
source, or post-deposition. The compositional varia-
tion of in situ bedrock encountered by APXS suggests 
a distinct and diverse crustal composition within, and 
in the vicinity of, Gale crater. This has important im-
plications for the igneous history of this region, which 
likely included potassic, alkaline and basaltic igneous 
activity [1,2,3,4].  

The majority of in situ rocks analyzed on Mars are 
enriched in Na and K relative to the Amazonian SNC 
meteorites, particularly at Gale, and are closer in 
composition to the recently discovered martian brec-
cia meteorites.  Specifically, the alkaline rocks ana-
lyzed at Gale have similar compositions to some of 
the included Pre-Noachian age clasts. Are the martian 
breccia meteorites more representative of martian, 
near surface crustal rocks than the SNCs? 

References: [1] Treiman A.H. et al. (2016) JGR 121, 
75-106. [2] Thompson L.M. et al. (2016) JGR 121, 1981-
2003. [3] Schmidt M.E. et al. (2014) JGR 119, 64-81. [4] 
Stolper E.M. et al. (2012) Science 341(6153): 12394632 [5] 
McSween H.Y. et al. (2006) JGR 111, E09S91 [6] Hu-
mayen M. et al. (2013) Nature 503, 513-516. [7] San-
tos et al. (2015) Geochim. Cosmochim. Acta 157, 56-
85. [8] Grotzinger J.P. et al. (2015) Science, 350(6257), 
7575 [9] Fraeman A.A. et al. Geology 41(10), 1103-1106. 
[10] Sun V.Z. et al. (2019) Icarus 321, 866-890. [11] 
Thompson L.M. et al. (2015) LPS XLVI 1429.pdf [12] 
VanBommel et al. (2016) X-ray Spec. 45, 155-161. [13] 
Banham S.G. et al. (2019) Sedimentology 65, 993-1042. 
[14] Yen A.S. et al. (2017) EPSL 471, 186-198. [15] Hu-
rowitz J.A. et al. (2017) Science 356(6341): 6849. [16] 
Frydenvang J. et al. (2017) GRL 44, 4716-4724. [17] Mor-
ris R.V. et al. (2016) Proc. Natl. Acad. Sci. USA 113, 7071-
7076. [18] Squyres S.W. (2008) Science 320(5879), 1063-
1067. [19] Yen A.S. et al. (2017) AGU Fall Meeting, New 
Orleans. P24B-04 [20] Wiens R.C. et al. (2019) This con-
ference 

Acknowledgements: The MSL APXS is managed and 
financed by the Canadian Space Agency. We appreciate 
and acknowledge the support of engineers at JPL during 
operations. 

6304.pdfNinth International Conference on Mars 2019 (LPI Contrib. No. 2089)


