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      Introduction: The ordinary gamma phase of 

anhydrous calcium sulfate (γ-CaSO4) is not stable in the 

laboratory, even at low relative humidity (RH). When 

being exposed to air, it absorbs atmospheric H2O 

immediately and converts to bassanite (CaSO40.5H2O) 

within a few seconds [1-4]. The structure of γ-CaSO4 is 

very similar to that of bassanite, both have continuous 

tunnels along the c-axis ([001]). The cross-sections of 

their tunnels, evaluated by the distances between the 

corner oxygens of (SO4) tetrahedra and (CaO6) 

octahedra that form the wall of a tunnel, are between 4 

to 5.5 Å in both structures. The only difference is that 

the tunnels in bassanite are partially filled with H2O, 

while the tunnels in γ-CaSO4 are empty. Because of their 

structural similarity, it is very difficult to distinguish 

them using XRD technology, but quite straightforward 

using Raman spectroscopy, by H2O peak of bassanite (at 

3555 cm-1), 

and by 1 peak 

positions 

(1026 cm-1 vs. 

1015 cm-1).   

     However, 

γ-CaSO4 was 

found stable in 

the soil or salt 

samples from 

Atacama Desert (Chile), White Sands (US), Da Langtan 

of Qinghai-Tibet Plateau (China), and in Martian 

meteorite MIL03346, even after those samples were 

kept in ambient lab-conditions for years [5-8].  

     Why γ-CaSO4 from hyperarid regions on Earth or 

Mars show unusual stability? Two issues need to be 

understood: (1) what is the reason that caused this 

unusual stability, structural or chemical? (2) is there a 

relationship between these structural or chemical 

characters to the hyperarid environment? 

     To answer these questions, we re-examined an 

Atacama soil that contains about 20% of γ-CaSO4 and 

the γ-CaSO4 in Martian meteorite MIL03346,168 using 

multiple micro-analysis technologies.  

    Experiments: Three grains of γ-CaSO4 were picked 

from Atacama soil (#10-d30) using its unique Raman 1 

peak at 1026 cm-1. Then these single grains were 

ground, placed on a copper grid, and coated with carbon. 

These grains were measured firstly using transmission 

electron microscope-energy dispersive spectrometer 

(TEM-EDX) for their chemical characters, then using 

transmission electron microscope-selected area electron 

diffraction (TEM-SAED) system for their structural 

characters. For the γ-CaSO4 in Martian meteorite 

MIL03346,168 (found in veins), we first cut off a few 

micro-pieces using Focus Ion Beam technology (FIB), 

and then run the same measurements as on Atacama γ-

CaSO4. All instruments used in this study are at 

Washington University in St. Louis. 

     Results and discussion: The results of TEM-SAED 

from Atacama γ-CaSO4 show that these grains have a 

similar structure as standard γ-CaSO4, shown in Fig. 1.  

The deduction of standard bassanite d-spacings from the 

measured d-spacings of Atacama γ-CaSO4 are compared 

with the deduction of standard bassanite d-spacings 

from the standard γ-CaSO4 d-spacings. A similar trend 

was found 

from the two 

deductions. 

This result 

suggests that 

the major 

reason for 

the abnormal 

stability of 

Atacama γ-

CaSO4 is not structural, at least not detectable by TEM-

SAED. On the other hand, the results of TEM-EDX, 

especially a three-steps zoom-in EDX-mapping of the 

Atacama γ-CaSO4 grains show that these grains are not 

pure CaSO4, and Si is the only impurity in the region at 

the highest spatial resolution. This observation suggests 

that Si atoms may have entered the tunnel of Atacama 

γ-CaSO4, which blocks the entrance of H2O molecules, 

thus helped maintaining the abnormal stability of this 

natural γ-CaSO4 in a H2O-rich environment.  

In order to verify the “entering” of Si into the tunnels 

of Atacama γ-CaSO4, we used Raman spectroscopy to 

recheck the Atacama γ-CaSO4 grains, looking for Si-

related Raman peaks.  Figure 2 shows, indeed, there are 

many additional peaks in 100-600 cm-1 (marked by blue 

arrows) that do not belong to γ-CaSO4 or any sulfates. 

These peaks are in the spectral region of Si-O-Si but do 

not match with any crystalline SiO2. Therefore, we 

assigned these peaks to Si-O-Si bonds with irregular 
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bond lengths and bond angles, where the O should be 

the corner oxygen of (SO4) tetrahedra and (CaO6) 

octahedra that form the 

wall of tunnels.  

    Even more interesting, 

three additional Raman 

peaks appeared in the 

spectral range of CHx 

symmetric and 

asymmetric stretching 

modes, around 2905, 

2967, 2852 cm-1 (Fig. 

2b), which can be 

assigned to methyl 

groups in organic 

materials (alkanes or 

CH3OSi- or CH3Si-).  

On the micro-pieces 

cut-off by FIB from MIL03346,168 (Fig. 3a), TEM-

SAED measurement first confirmed that it has a similar 

structure as standard γ-CaSO4 (Fig. 1b), like the 

Atacama γ-CaSO4. In addition, TEM-EDX results show 

that the major chemical impurities are Si and P, in the 

same area where Ca, S, and O are the major elements 

(Fig. 3a).  

   The Raman 

spectra obtained 

from FIB-cut 

micro-pieces (Fig. 

2) also shown 

additional peaks 

below 600 cm-1 and 

around 2905 cm-1, 

that belong to the 

Si-O-Si and CH3- 

vibrations, 

respectively. In addition, a weak peak near 980 cm-1 (at 

the peak shoulder of 1026 cm-1 peak) exists in the 

spectrum of MIL03346 γ-CaSO4 but not in the spectrum 

of Atacama γ-CaSO4. This peak position is suggestive 

of a P-O symmetric vibrational mode, very near the 961 

cm-1 of 1 mode in apatite (Ca5(PO4)3(OH, Cl, F). 

Therefore, the new Raman peak near 980 cm-1 supports 

the entrance of P into tunnels of MIL03346 γ-CaSO4 

that is consistent with the EDX observation of P as one 

of the two major impurities. P impurity to be found 

coexisting with CH3- in the FIB cut-off micro-pieces 

from Martian meteorite MIL03346 γ-CaSO4 can be very 

important, because C, H, P are the essential 

compositions of life. 

    Lastly, the γ-CaSO4 in Martian meteorite 

MIL03346, 168 veins has a different morphology (Fig. 

3b) from that of standard γ-CaSO4, which might be a 

reflection of Si, P, and CH3- entering the structure of 

this abnormal γ-CaSO4, as noted by Voigtländer et al on 

a synthetic 

CaSO40.5CH3OH [4]. 

     Conclusions: In this 

study, two γ-CaSO4 

samples, one from 

hyperarid region on Earth 

and one from Mars, were 

studied using multiple 

micro-analysis 

technologies. We found 

the major reason for their 

abnormal stability in 

H2O-rich environment 

(for many years) is 

chemical impurities, 

mainly Si in Atacama γ-CaSO4 and Si + P in MIL03346 

γ-CaSO4. The chemical impurity can distort slightly the 

crystal structure that was not detectable in our TES-

SAED studies. The Raman peaks of methyl groups were 

found in γ-CaSO4 of two origins, which are very 

interesting and will be studied further.                                             
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