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Abstract
Investigations of planetary processes using phosphate minerals often focus on igneous, recrystal-

lized, or potentially metasomatized minerals, likely as a result of the minerals commonly available for 
study within meteorites and lunar samples. However, Mars is a relatively phosphorus-rich planet and 
possesses abundant evidence of past aqueous surface interactions. Therefore, secondary phosphate 
phases may be important on the martian surface. Giniite [Fe2+Fe4

3+(PO4)4(OH)2·2H2O] is a secondary 
phosphate mineral that has been suggested as a potentially significant phase at locations in Gusev Crater 
and Meridiani Planum on Mars. Although relatively rare as a natural mineral on Earth, giniite has gained 
attention as an important mineral in industry and technology, especially the lithium battery industry, 
and the ferrian version of the mineral is often synthesized. This suggests giniite may be important as 
an in situ resource utilization (ISRU) target for future extended human missions to Mars. Despite this, 
there are few data available on the natural mineral and the last characterization of the structure was 
over 40 years ago. There has also been confusion in the literature as to whether giniite is orthorhombic 
or monoclinic. In this work we revisit and document the chemistry and crystal structure of natural 
giniite from the type locality at the Sandamab pegmatite in Namibia using updated techniques. Our 
results refine and update what was previously known regarding the structure and chemistry of giniite 
and support the potential of the mineral as a possible martian scientific and resource target for further 
study to aid future missions.
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Introduction
The study of phosphorus minerals yields insight into planetary 

interior and surface processes. For instance, primary or igneous 
phosphate minerals have been used to investigate volatile abun-
dances in the interiors of Earth, Mars, the Moon, and asteroidal 
bodies (e.g., McCubbin et al. 2011, 2014; Patiño Douce et al. 
2011; Filiberto et al. 2016; Jones et al. 2014), as potential indica-
tors of oxygen fugacity during late stage magma crystallization 
(Shearer et al. 2015), and even as recorders of past aqueous 
surface environments on Mars (Mojzsis and Arrhenius 1998; 
Hurowitz et al. 2006; Ming et al. 2006; Adcock and Hausrath 
2015). Phosphorus, as phosphate or a more reduced species, 
is also an essential nutrient for all known life, and considered 
important in prebiotic reactions that led to life on Earth (Wald 
1964; Westheimer 1987; Powner et al. 2009; Pasek and Kee 
2011; Benner and Kim 2015; Burcar et al. 2016). Consequently, 
P-bearing minerals have important implications for past and 
present habitability and the potential for life on other planetary 
bodies (Weckwerth and Schidlowski 1995; Mojzsis et al. 1996; 

Yang et al. 2011; Adcock et al. 2013; Adcock and Hausrath 2015).
Investigations of planetary processes using phosphate 

minerals often focus on igneous, recrystallized, or potentially 
metasomatized minerals (e.g., Brearley and Jones 1998; Jones 
et al. 2014; McCubbin and Jones 2015; Adcock et al. 2017). 
For extraterrestrial studies, this focus is likely the result of the 
minerals commonly available for study within meteorites and 
lunar samples. Though various secondary phosphate minerals are 
present in some meteorites (Dyar et al. 2014), the most common 
phosphate minerals in most meteorites and lunar samples are 
merrillite [Ca9NaMg(PO4)7] and apatite [Ca5(PO4)3(F,Cl,OH)], 
often of igneous origin (Shearer et al. 2006; McCubbin et al. 
2014; Adcock and Hausrath 2015). This is especially the case 
for martian meteorites (McSween and Treiman 1998).

However, Mars is a relatively phosphorus-rich planet (Wänke 
and Dreibus 1988; Taylor 2013) and analyses from the surface 
of Mars indicate relatively high P-concentrations in soils, rocks, 
and dust compared to Earth (Goetz et al. 2005; Gellert et al. 
2006; Yang and Post 2011; Rampe et al. 2017, 2020; Yen et al. 
2017). Mars also possesses abundant evidence of past aqueous 
surface interactions (Carr and Head 2003; Hurowitz et al. 2006; 
Grotzinger et al. 2014; Adcock and Hausrath 2015; Rampe et 
al. 2016; McCollom et al. 2018). Reactive transport modeling 
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