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aBstract

:H�VWXG\�K\GUDWHG�PDJQHVLXP�VXOIDWH�PLQHUDOV�IURP�¿UVW�SULQFLSOHV�FDOFXODWLRQV�EDVHG�RQ�GHQVLW\�
functional theory. We determine the heat of hydration for MgSO4·nH2O, compute the Raman and 
infrared spectra for several phases and calculate the S isotope partitioning as a function of hydra�
WLRQ��:H�¿QG�WKDW�HSVRPLWH�DQG�PHULGLDQLLWH�ZLWK��UHVSHFWLYHO\��n = 7 and n� ����ZDWHU�PROHFXOHV�
per MgSO4�XQLW�DUH�SDUWLFXODUO\�VWDEOH�ZLWK�UHVSHFW�WR�RWKHU�LQGLYLGXDO�RU�FRPELQDWLRQV�RI�K\GUDWLRQ�
states. The Raman spectra of all phases present clear SO4�IHDWXUHV�WKDW�DUH�HDVLO\�LGHQWL¿DEOH��:H�
XVH�WKLV�WR�VKRZ�RQH�FDQ�XVH�WKH�YLEUDWLRQDO�VSHFWURVFRSLF�LQIRUPDWLRQ�DV�DQ�LGHQWL¿FDWLRQ�WRRO�LQ�
a remote environment, like the martian surface. We discuss the character and atomic displacement 
pattern of all vibration modes and compute the 34S/326�SDUWLWLRQLQJ��WKLV�ZRUN�VKRZV�WKDW�K\GUDWLRQ�
favors enrichment in the lighter S isotope 326�ZLWK�UHVSHFW�WR�WKH�KHDYLHU�346��ZKLFK�LV�DFFXPXODWHG�
LQ�WKH�OHVV�K\GURXV�VWUXFWXUHV��:H�VKRZ�IRU�WKH�¿UVW�WLPH�WKDW�WKH�VLJQDWXUH�RI�34S/32S partitioning 
could be observed by in situ spectroscopy on the surface of Mars. Moreover this can be related to 
WKH�GLXUQDO�F\FOH�RI�K\GUDWLRQ�DQG�GHK\GUDWLRQ�DQG�KHQFH�LW�FDQ�LPSURYH�WKH�PRGHOLQJ�RI�WKH�ZDWHU�
circulation on Mars.
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introduction

The presence of monohydrate and multiply hydrated sulfate 
PLQHUDOV�DW�WKH�VXUIDFH�RI�0DUV�DV�PDMRU�ZDWHU�EHDULQJ�PLQHU�
DOV� LV� QRZ�D�ZHOO�HVWDEOLVKHG� IDFW� �H�J���*HQGULQ� HW� DO�� ������
:UD\�HW�DO��������)ODKDXW�HW�DO��������1RH�'REUHD�HW�DO���������
Magnesium sulfates play a major role among these minerals, 
but sulfates of other cations have been also proven to exist, like 
gypsum, jarosite, etc. (Blaney and McCord 1995; Aubrey et al. 
������5RDFK�HW�DO��������+RUJDQ�HW�DO��������0XUFKLH�HW�DO��������

Magnesium sulfates are compounds exhibiting an amazingly 
ODUJH�QXPEHU�RI�K\GUDWLRQ�VWDWHV��$SDUW�IURP�WZR�DQK\GURXV�
SKDVHV�WKH\�FDQ�FRQWDLQ�DOPRVW�DQ\WKLQJ�EHWZHHQ���DQG���ZDWHU�
PROHFXOHV�SHU�IRUPXOD�XQLW��ZLWK�HYHQ�XS�WR����ZDWHU�PROHFXOHV�
for each MgSO4 unit. The anhydrous phases do not exist as 
PLQHUDOV��7KHLU�DIILQLW\�IRU�ZDWHU�LV�VR�ODUJH�WKDW�WKH\�DUH�FXU�
rently used as a desiccant. The family of related minerals are, in 
order of increasing hydration: the monohydrate, MgSO4·H2O, 
DOVR�NQRZQ�DV�WKH�PLQHUDO�NLHVLHULWH��+DZWKRUQH�HW�DO���������
sanderite, MgSO4·2H22� �0D� HW� DO�� ����D���0J624·2.5H2O 
�0D�HW�DO������E���VWDUNH\LWH��%DXU�����D��DQG�FUDQVZLFNLWH�
�3HWHUVRQ��������ERWK�ZLWK�0J624·4H2O formula, pentahydrite, 
MgSO4·5H2O, hexahydrite, MgSO4·6H2O (Zalkin et al. 1964), 
epsomite, MgSO4·7H2O (Baur 1964b), and finally, meridianiite, 
MgSO4·11H22��3HWHUVRQ�HW�DO��������)RUWHV�HW�DO���������$GGL�

WLRQDO�PLQHUDOV�DUH�IRUPHG�LQ�ELQDU\�DQG�WHUQDU\�GLDJUDPV�ZLWK�
RWKHU�KDORJHQLGH�DQG�RU�VXOIDWH�V\VWHPV��6WHLJHU�HW�DO���������
The minerals of this group have been traditionally studied in 
the context of evaporitic deposits, or of alteration products of 
VXOILGH�PLQHUDOV��0RUH� UHFHQWO\��ZLWK� WKH� H[SORUDWLRQ� RI� WKH�
martian surface and of the icy moons from the outer Solar 
System, the planetological importance of these minerals has 
been fully appreciated.

The relative stability of these phases is conditioned not only 
by pressure and temperature but also by the partial pressure of 
ZDWHU�YDSRU��+RJHQERRP�HW�DO��������)HOGPDQ�HW�DO��������&KRX�
HW�DO���������6RPH�RI�WKHVH�SKDVHV�FDQ�EH�HDVLO\�WUDQVIRUPHG�
from one to another, but not all such transitions are reversible 
�6WHLJHU�HW�DO���������7KH�SUHVHQFH�RI�RWKHU�VSHFLILF�PLQHUDOV�
OLNH�K\GURXV�VLOLFDWHV��:LOVRQ�DQG�%LVK�������RU�RUJDQLF�PDWWHU�
�$XEUH\�HW�DO���������PD\�DIIHFW�WKH�VWDELOLW\�ILHOG�RI�WKH�K\�
drated MgSO4 phases by changing and/or preserving humidity 
conditions locally.

Experiments on the phase diagram of the MgSO4–H2O 
system reveal that the surface conditions on the planet Mars, 
and more precisely the day/night cycle, span the static stability 
ILHOG�RI�WKH�PRQR���GL��� WHWUD���KHSWD���DQG�KHQGHFD�K\GUDWHV��
+RZHYHU�� DV�PHQWLRQHG� DERYH�� WKH� SUHFLVH�PLQHUDORJ\�PD\�
depend on kinetics of reactions and on the thermodynamical 
SDWK��9DQLPDQ�HW�DO��������:DQJ�HW�DO��������&KRX�HW�DO��������

+HUH�ZH� XVH� ILUVW�SULQFLSOHV� FDOFXODWLRQV� WR� FRPSXWH� WKH�
HQHUJLHV�RI�K\GUDWLRQ�WR�KHOS�LQWHUSUHW�WKH�ZDWHU�F\FOH�RQ�0DUV��
to determine the effect of hydration on the Raman spectra, and 
to predict the isotope partitioning.

American Mineralogist, Volume 99, pages 1216–1220, 2014

��������;��������±�����������'2,��KWWS���G[�GRL�RUJ���������DP����������� �    1216 

�(�PDLO��HPDERERFLRLX#\DKRR�IU
† Special collection papers can be found on GSW at http://ammin.
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