
What Lurks in the Martian rocks and soiL? investigations of suLfates, PhosPhates, and PerchLorates

Spectral properties of Ca-sulfates: Gypsum, bassanite, and anhydrite†

Janice L. BishoP1,*, MeLissa d. Lane2, M. darBy dyar3, sara J. king1, adrian J. BroWn1 and 
gregg a. sWayze4

1SETI Institute, Carl Sagan Center, Mountain View, California 94043, U.S.A.
2Planetary Science Institute, 1700 E. Fort Lowell Road, Suite 106, Tucson, Arizona 85719, U.S.A.
3Department of Astronomy, Mount Holyoke College, South Hadley, Massachusetts 01075, U.S.A.

4U.S. Geological Survey, Denver, Colorado 80225, U.S.A.

aBstract

This study of the spectral properties of Ca-sulfates was initiated to support remote detection of these 
minerals on Mars. Gypsum, bassanite, and anhydrite are the currently known forms of Ca-sulfates. They 
DUH�W\SLFDOO\�IRXQG�LQ�VHGLPHQWDU\�HYDSRULWHV�RQ�(DUWK��EXW�FDQ�DOVR�IRUP�YLD�UHDFWLRQ�RI�DFLGLF�ÀXLGV�DV-
VRFLDWHG�ZLWK�YROFDQLF�DFWLYLW\��5HÀHFWDQFH��HPLVVLRQ��WUDQVPLWWDQFH��DQG�5DPDQ�VSHFWUD�DUH�GLVFXVVHG�KHUH�
for various sample forms. Gypsum and bassanite spectra exhibit characteristic and distinct triplet bands 
QHDU����±����ȝP��D�VWURQJ�EDQG�QHDU�����±�����ȝP��DQG�PXOWLSOH�IHDWXUHV�QHDU����±����ȝP�DWWULEXWHG�WR�
H2O. Anhydrite, bassanite, and gypsum all have SO4�FRPELQDWLRQ�DQG�RYHUWRQH�IHDWXUHV�IURP����±��ȝP�
WKDW�DUH�SUHVHQW�LQ�UHÀHFWDQFH�VSHFWUD��7KH�PLG�,5�UHJLRQ�VSHFWUD�H[KLELW�VWURQJ�624�Ȟ3�DQG�Ȟ4 vibrational 
bands near 1150–1200 and 600–680 cm–1��a����DQG����ȝP���UHVSHFWLYHO\��$GGLWLRQDO�ZHDNHU�IHDWXUHV�
are observed near 1005–1015 cm–1��a���ȝP��IRU�Ȟ1 and near 470–510 cm–1��a���ȝP��IRU�Ȟ2. The mid-IR 
H2O bending vibration occurs near 1623–1630 cm–1��a����ȝP���7KH�YLVLEOH�QHDU�LQIUDUHG�UHJLRQ�VSHFWUD�
DUH�EULJKWHU�IRU�WKH�¿QHU�JUDLQHG�VDPSOHV��,Q�UHÀHFWDQFH�DQG�HPLVVLRQ�VSHFWUD�RI�WKH�PLG�,5�UHJLRQ�WKH�
Ȟ4�EDQGV�EHJLQ�WR�LQYHUW�IRU�WKH�¿QHU�JUDLQHG�VDPSOHV��DQG�WKH�Ȟ1 vibration occurs as a band instead of a 
SHDN�DQG�KDV�WKH�VWURQJHVW�LQWHQVLW\�IRU�WKH�¿QHU�JUDLQHG�VDPSOHV��7KH�Ȟ2 vibration is a sharp band for 
DQK\GULWH�DQG�D�EURDG�SHDN�IRU�J\SVXP��7KH�EDQG�FHQWHU�RI�WKH�Ȟ1 vibration follows a trend of decreasing 
IUHTXHQF\��LQFUHDVLQJ�ZDYHOHQJWK��ZLWK�LQFUHDVLQJ�K\GUDWLRQ�RI�WKH�VDPSOH�LQ�WKH�WUDQVPLWWDQFH��5DPDQ��
DQG�UHÀHFWDQFH�VSHFWUD��$QK\GULWH�IRUPV�DW�HOHYDWHG�WHPSHUDWXUHV�FRPSDUHG�WR�J\SVXP��DQG�DW�ORZHU�
temperature, salt concentration, and pH than bassanite. The relative humidity controls whether bassanite 
or gypsum is stable. Thus, distinguishing among gypsum, bassanite, and anhydrite via remote sensing 
can provide constraints on the geochemical environment.

Keywords: Gypsum, sulfate, reflectance spectra, emission spectra, infrared

introduction

Common forms of Ca-sulfate are anhydrite CaSO4, bassanite 
CaSO4·0.5H2O, and gypsum CaSO4·2H22��H�J���'\DU�HW�DO���������
Anhydrite typically forms at higher temperatures and gypsum at 
ORZHU� WHPSHUDWXUHV� �+DUGLH�������'HHU�HW�DO��������DQG� WUDQV-
formations between these two forms of Ca-sulfates do not occur 
readily under dry conditions at low temperatures. Gypsum, bas-
sanite, and anhydrite are all common sedimentary minerals found 
in marine evaporite sequences on Earth (Prothero and Schwab 
�������7KH\�FDQ�DOVR�RFFXU�DV�K\GURWKHUPDO�YHLQV� �'HHU�HW�DO��
�������&D�VXOIDWHV�KDYH�LPSRUWDQW�LQGXVWULDO�DSSOLFDWLRQV�DQG�DUH�
components of drywall, plaster, and cement (e.g., Singh and Garg 
������'\DU�HW�DO��������

Gypsum is one of the first minerals precipitated from seawater 
of normal salinity because Ca2+ and SO4

2– are less soluble than 

other ions. Thick, extensive gypsum deposits are less common 
than smaller outcrops, but are observed in shallow basin envi-
URQPHQWV��+DUGLH�DQG�(XJVWHU��������*\SVXP�JHQHUDOO\�IRUPV�
DW� WHPSHUDWXUHV�EHORZ�����&��&RQOH\�DQG�%XQG\��������ZKLOH�
anhydrite forms at elevated temperatures and increased Ca2+ and 
SO4

2–� EULQH�FRQFHQWUDWLRQ� �%LOOR��������*\SVXP�FDQ�DOVR� IRUP�
from sulfuric acid solution or vapors through fumarole activity, 
and it is also found in ash and ejecta blocks (Belousov 1995; Hol-
ODQG��������%DVVDQLWH�LV�FKDUDFWHULVWLF�RI�GU\�PDULQH�HYDSRULWLF�
HQYLURQPHQWV��*XQDWLODND�HW�DO��������DQG�GU\�ODNH�EHGV��$OOHQ�
DQG�.UDPHU�������

Gypsum and bassanite have been detected in several regions 
on Mars in data from the Compact Reconnaissance Imaging 
6SHFWURPHWHU�IRU�0DUV��&5,60��GDWD��H�J���0XUFKLH�HW�DO��������
and the Observatoire pour la Minéralogie, l’Eau, lesGlaces et 
O¶$FWLYLWp� �20(*$��GDWD� �H�J���%LEULQJ�HW� DO�� ������XVLQJ� WKH�
FKDUDFWHULVWLF�QHDU�LQIUDUHG��1,5��VSHFWUDO�IHDWXUHV�QHDU�����������
DQG�����ȝP��%HFDXVH�SXUH�DQK\GULWH�VSHFWUD�GR�QRW�FRQWDLQ�IHDWXUHV�
in this range, it is more difficult to detect anhydrite in CRISM and 
OMEGA images. The SO4 overtones and combinations observed 
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