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Introduction:  The occurrence of phosphate min-

erals on Mars is implied both by their presence in Mar-
tian meteorites and by high levels of P in Martian soils, 
float rocks, and bedrock.  Phosphates commonly occur 
together with sulfates because both mineral classes are 
based on tetrahedral anion groups of similar size and 
charge.  Sulfates are widespread on Mars; hence, it is 
likely that phosphate minerals will continue to be iden-
tified at many locations on Mars, too. The purpose of 
this work is to analyze and characterize a large suite of 
phosphate minerals using a wide variety of techniques 
including electron microprobe, X-ray diffraction, ex-
tended visible/near-infrared/mid-infrared reflectance 
spectroscopy, thermal emission spectroscopy, and 
Mössbauer spectroscopy. Such a complete study of 
phosphates will provide spectra of well-characterized 
samples that will be critical for interpreting past and 
future data from Mars. The results of this work lay the 
necessary groundwork for future mission data and me-
teorite data interpretation that will allow for the 
determination of which phosphates exist on Mars and 
their environments of formation.  Here, we report 
specifically on themal emission spectroscopy data. 

Samples and Methods:  We have assembled a 
suite of  >200 phosphate samples from museums and 
private collections.  Many have been hand-picked and 
separated into various particle sizes.  We are currently 
undergoing XRD analyses of these samples to confirm 
the phase identification and purity.  XRD spectra are 
being acquired at Franklin and Marshall College with a 
PANalytical X'Pert PRO X-ray diffractometer 
equipped with a 15-position sample changer, a ceramic 
Cu X-ray tube, and the most current software avail-
able. Reflectance spectra were acquired at 
RELAB/Brown University from 0.3 to 50 µm by splic-
ing visible/near-infrared bidirectional spectra (meas-
ured relative to Halon) with FTIR spectra measured 
under H2O-purged conditions (relative to a rough gold 
surface).  The spectra were spliced near 1.2-1.4 µm.  
Emissivity spectra were obtained at Arizona State Uni-
versity using a Nicolet Nexus 670 E.S.P. FT-IR inter-
ferometer modified for emission measurements.  This 
spectrometer is equipped with a DTGS detector and a 
CsI beam splitter that allows the measurement of emit-
ted radiation over the range of ~2000 to 220 cm-1 (5 to 
45 µm).  To reduce and maintain the amount of water 
and CO2 vapor inside the spectrometer and external 
sample chamber and glove box, the entire system was 
continuously scrubbed using a Parker Balston com-
pressed air and gas in-line filter. 

Visible-Near Infrared:  Spectra are shown in 
Figure 1 from 0.3-3.2 µm of several finely particulate 
phosphate minerals.  All of the phosphate spectra 
shown here exhibit Fe absorptions from 0.6-1.2 µm.  
The baricite and chalcosiderite spectra both include 
water bands near 2 µm.  Ferroalluaudite 
(NaCaFe2+(Fe2+,Mn2+,Fe3+)2(PO4)3) has a water band at 
1.93 µm and  another absorption at 2.52 µm. The spec-
tra of childrenite (Fe2+Al(PO4)(OH)2 · H2O), kulanite 
(Ba(Fe2+,Mn,Mg)2Al2(PO4)3(OH)3), chalcosiderite 
(Cu2+(Fe3+,Al)6(PO4)4(OH)8 · 4H2O), and gormanite 
(Fe2+

3Al4(PO4)4(OH)6 · 2H2O)/souzalite 
(Mg,Fe2+)3(Al,Fe3+)4(PO4)4(OH)6 · 2H2O) all include 
multiple sharp absorptions in the range 2.1-2.5 µm that 
are characteristic of overtones and combinations of OH 
and PO4 vibrations, similar to the OH/SO4 features in 
the spectra of jarosite and alunite [1].  Sharp OH 
stretching bands are observed near 2.7-2.9 µm for chil-
drenite, kulanite, chalcosiderite and gormanite, and 
broad water features are observed from 2.8-3.2 µm for 
ferroalluaudite, chalcosiderite, and baricite.  We are 
still in the process of performing XRD analyses on 
these and many other samples to verify their composi-
tions. 

 
 
Figure 1.  Visible-near infrared reflectance spectra of 
phosphates:  childrenite, P29 (light green); kulanite, 
P32 (purple); baricite, MDD11 (red); ferroalluaudite, 
P14 (orange); chalcosiderite, P39 (blue); gorman-
ite/souzalite, MDD13 (dark green). 
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Figure 2.  The structure of fluorapatite [2] pro-
jected onto its ab-plane and centered on the ring 
with the F atom (black sphere). The Ca1 site is rep-
resented by green translucent polyhedra and the 
Ca2 site by blue spheres. The yellow PO4 tetrahedra 
are formed by four oxygens at their vertices (small 
red spheres) and link the other structural elements. 
In other phosphate minerals, the PO4 tetrahedra 
cross-link octahedral chains and/or form many di-
verse geometries analogous to sulfate, arsenate, and 
silicate structures. 

Thermal Emission (Vibrational) Spectroscopy:  
Phosphate mineral structures are based on the PO4 tet-
rahedron (Figure 2).  Spectral features in the phos-
phates predominantly arise from oscillations of the P-O 
bonds within the phosphate anion [3].  Emission meas-
urements of some phosphate samples (Figure 3) show 
that the P-O asymmetric stretching vibrations (ν3) of 
the PO4 tetrahedra produce dominant spectral features 

in the range of ~1200 to 900 cm-1.  The symmetric 
stretch, (ν1) feature appears when the molecular sym-
metry of the tetrahedron is reduced and occurs at ~ 900 
to 1000 cm-1, occurring at longer wavelengths relative 
to the ν3 modes, as occurs in sulfates. Additional fea-
tures at ~400-600 cm-1 are attributable to the ν4 (asym-
metric bending) vibrations. Hydroxyl- and H2O-
bearing phosphates produce many additional features 
due to their associated vibrational modes.  Phosphate 
mineral structures are based on various combinations 
of the PO4 tetrahedron. 

Final Comments:  These spectra are just a few of 
the many VNIR and TIR spectra we have.  These 
phosphate samples, whose spectra are presented here, 
and others to follow currently are being analyzed by 
XRD and their identifications will be known by LPSC.  
Many phosphates in our collection are also being stud-
ied using Mössbauer spectroscopy [4]. 

 
 

Figure 3.  Emissivity spectra of phosphates:  chil-
drenite, P29 (light green); kulanite, P32 (purple); baric-
ite, MDD11 (red); ferroalluaudite, P14 (orange); chal-
cosiderite, P39 (blue); gormanite/souzalite, MDD13 
(dark green).  The feature at ~878 cm-1 in the MDD13 
sample is due to contaminant siderite. 
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