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abstract

We have characterized complex iron- and sulfate-bearing samples from Rio Tinto (Spain) using 
;�UD\�GLIIUDFWLRQ� �;5'���YLVLEOH�QHDU� LQIUDUHG� UHÀHFWDQFH� �91,5�� VSHFWURVFRS\�� DQG� ODVHU�5DPDQ�
VSHFWURVFRS\��/56���6DPSOHV�ZHUH�FROOHFWHG�IRU�WKLV�VWXG\�IURP�WKH�3HxD�GH�+LHUUR�UHJLRQ�RI�5LR�7LQWR�
because this site represents a natural acidic environment that is a potential analog for such environ-
PHQWV�RQ�0DUV��:H�UHSRUW�DQ�HYDOXDWLRQ�RI�WKH�FDSDELOLWLHV�RI�WKHVH�WKUHH�WHFKQLTXHV�LQ�SHUIRUPLQJ�
detailed mineralogical characterization of potential Mars-like samples from a natural acidic terrestrial 
environment. Sulfate minerals found in these samples include gypsum, jarosite, and copiapite, and 
iron hydroxide bearing minerals found include goethite and ferrihydrite. These sulfate and iron hy-
GUR[LGH�R[\K\GUR[LGH�PLQHUDOV�ZHUH�GHWHFWHG�E\�;5'��91,5��DQG�/56��0LQRU�TXDUW]�ZDV�LGHQWL¿HG�
LQ�VRPH�VDPSOHV�E\�;5'�DV�ZHOO��EXW�ZDV�QRW�LGHQWL¿HG�XVLQJ�91,5�VSHFWURVFRS\��&RRUGLQDWLQJ�WKH�
UHVXOWV�IURP�WKHVH�WKUHH�WHFKQLTXHV�SURYLGHV�D�FRPSOHWH�SLFWXUH�RI�WKH�PLQHUDORJLFDO�FRPSRVLWLRQ�RI�
the samples. Field instruments were used for this study to mimic the kinds of analyses that could be 
SHUIRUPHG�LQ�WKH�¿HOG�RU�RQ�PDUWLDQ�URYHUV�

.H\ZRUGV��5DPDQ��91,5�UHIOHFWDQFH��;5'��VXOIDWHV��LURQ��0DUV��DQDORJ��5LR�7LQWR

introduction

7KH�VXUIDFH�RI�0DUV�FRQWDLQV�DEXQGDQW�RFFXUUHQFHV�RI�DTXH-
ous environments that host sulfates and iron oxide/hydroxide-
bearing minerals. The detection of crystalline hematite by the 
Mars global surveyor thermal emission spectrometer (MGS-TES) 
(Christensen et al. 2000, 2001) was a main driver for the selec-
WLRQ�RI�0HULGLDQL�3ODQXP�DV� WKH� ODQGLQJ� VLWH� IRU� WKH�1$6$¶V�
Mars Exploration Rover (MER) Opportunity. TES studies 
contributed to the understanding of the occurrence of hematite; 
geochemical considerations led to the conclusion that the most 
plausible mechanism for the occurrence of the hematite units 
was precipitation from Fe-rich water.

Identification of hydrous sulfates in several bright regions 
LQFOXGLQJ�3DVR�5REOHV�DQG�7\URQH�DW�*XVHY�FUDWHU��*HOOHUW�HW�DO��
������+DVNLQ�HW�DO��������-RKQVRQ�HW�DO��������/DQH�HW�DO��������
0LQJ�HW�DO��������3DUHQWH�HW�DO��������:DQJ�HW�DO��������������
and the alleged findings of jarosite in the Meridiani regolith 
(Klingelhofer et al. 2004), at Mawrth Vallis (Farrand et al. 2009), 
and at Noctis Labyrinthus (Weitz et al. 2011) provide evidence 
IRU�IRUPHU�DTXHRXV�SURFHVVHV�RQ�0DUV�

Massive accumulations of sulfates have also been detected 

remotely using data from the OMEGA (Observatoire pour la 
0LQpUDORJLH�� O¶(DX�� OHV�*ODFHV�� HW� O¶$FWLYLWp�� LQVWUXPHQW� RQ�
(6$¶V�0DUV�([SUHVV��%LEULQJ�HW�DO��������*HQGULQ�HW�DO��������
and the Compact Reconnaissance Imaging Spectrometer for 
0DUV� �&5,60�� LQVWUXPHQW� RQ�1$6$¶V�0DUV�5HFRQQDLVVDQFH�
Orbiter (Bishop et al. 2009; Flahaut et al. 2010; Lichtenberg et 
al. 2010; Murchie et al. 2009; Roach et al. 2009, 2010; Sowe et 
al. 2012; Wiseman et al. 2010).

6XOIDWHV�ZHUH�DOVR�GHWHFWHG�DW�WKH�3KRHQL[�ODQGLQJ�VLWH��6PLWK�
et al. 2009). More recently, the ChemCam instrument onboard 
the Mars Science Laboratory rover, Curiosity, has identified the 
presence of Ca-sulfates at Rocknest (Clegg et al. 2013; Tokar 
et al. 2013). The presence of the sulfate mineral species listed 
above not only constitutes evidence regarding the environmental  
history of a particular region (Meslin et al. 2013), but may define 
the potential habitability of an environment (Boston et al. 2001).

The Rio Tinto acid mine drainage-dominated region features 
numerous settings where sulfates and iron oxide/hydroxide spe-
cies have formed (Amils et al. 2007; Fernández-Remolar et al. 
2005, 2011). These studies have shown that both inorganic and 
biologic activity plays a role in formation of many of the precipi-
tates and efflorescent salts in this region. Given the association of 
microorganisms such as Acidithiobacillus ferrooxidans with the 
DTXHRXV�R[LGDWLRQ�RI�VXOILGHV�LQ�5LR�7LQWR��$PLOV�HW�DO���������
deposits of sulfate precipitates on Mars represent possible sites 
to search for extinct life on that planet.
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