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)HUULDQ�VDSRQLWH�IURP�WKH�HDVWHUQ�6DQWD�0RQLFD�0RXQWDLQ��QHDU�*ULI¿WK�3DUN��/RV�$QJHOHV��&DOL-
fornia), was investigated as a mineralogical analog to smectites discovered on Mars by the CheMin 
;�UD\�GLIIUDFWLRQ�LQVWUXPHQW�RQERDUG�WKH�0DUV�6FLHQFH�/DERUDWRU\��06/��URYHU��7KH�PDUWLDQ�FOD\�
minerals occur in sediment of basaltic composition and have 02l diffraction bands peaking at 4.59 
c��FRQVLVWHQW�ZLWK�WUL�RFWDKHGUDO�VPHFWLWHV��7KH�*ULI¿WK�VDSRQLWH�RFFXUV�LQ�EDVDOWV�DV�SVHXGRPRUSKV�
DIWHU�ROLYLQH�DQG�PHVRVWDVLV�JODVV�DQG�DV�¿OOLQJV�RI�YHVLFOHV�DQG�FUDFNV�DQG�KDV���l diffraction bands 
DW�WKDW�VDPH�SRVLWLRQ��:H�REWDLQHG�FKHPLFDO�FRPSRVLWLRQV��E\�HOHFWURQ�PLFURSUREH���;�UD\�GLIIUDFWLRQ�
patterns with a lab version of the CheMin instrument, Mössbauer spectra, and visible and near-IR 
UHÀHFWDQFH��91,5��VSHFWUD�RQ�VHYHUDO�VDPSOHV�IURP�WKDW�ORFDOLW\��7KH�*ULI¿WK�VDSRQLWH�LV�PDJQHVLDQ��
0J��0J�6Fe) = 65–70%, lacks tetrahedral Fe�� and octahedral Al��, and has Fe��/6Fe from 64 to 93%. 
Its chemical composition is consistent with a fully tri-octahedral smectite, but the abundance of Fe�� 
JLYHV�D�QRPLQDO�H[FHVV�FKDUJH�RI����WR����SHU�IRUPXOD�XQLW��7KH�H[FHVV�FKDUJH�LV�OLNHO\�FRPSHQVDWHG�
by substitution of O2– for OH–, causing distortion of octahedral sites as inferred from Mössbauer 
VSHFWUD��:H�K\SRWKHVL]H�WKDW�WKH�*ULI¿WK�VDSRQLWH�ZDV�LQLWLDOO\�GHSRVLWHG�ZLWK�DOO�LWV�LURQ�DV�)H�� and 
was oxidized later. X-ray diffraction shows a sharp 001 peak at 15 Å, 00l peaks, and a 02l diffrac-
WLRQ�EDQG�DW�WKH�VDPH�SRVLWLRQ�������c��DQG�VKDSH�DV�WKRVH�RI�WKH�PDUWLDQ�VDPSOHV��LQGLFDWLQJ�WKDW�WKH�
PDUWLDQ�VDSRQLWH�LV�QRW�IXOO\�R[LGL]HG��91,5�VSHFWUD�RI�WKH�*ULI¿WK�VDSRQLWH�VKRZ�GLVWLQFW�DEVRUSWLRQV�
at 1.40, 1.90, 2.30–2.32, and 2.40 Pm, arising from H2O and hydroxyl groups in various settings. The 
position of the a2.31 Pm spectral feature varies systematically with the redox state of the octahedrally 
FRRUGLQDWHG�)H��7KLV�FRUUHODWLRQ�PD\�SHUPLW�VXUIDFH�R[LGDWLRQ�VWDWH�WR�EH�LQIHUUHG��LQ�VRPH�FDVHV��IURP�
91,5�VSHFWUD�RI�0DUV�REWDLQHG�IURP�RUELW��DQG��LQ�DQ\�FDVH��IHUULDQ�VDSRQLWH�LV�D�YLDEOH�DVVLJQPHQW�
for spectral detections in the range 2.30–2.32 Pm.
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inTroducTion

7KH�FRUH�REMHFWLYH�RI�WKH�0DUV�6FLHQFH�/DERUDWRU\��06/��
spacecraft mission as implemented by the rover Curiosity is to 
VHHN�HYLGHQFH�RI�SDVW�KDELWDEOH�HQYLURQPHQWV�RQ�0DUV��*URW]-

inger et al. 2014). Pre-mission analyses of the Gale Crater 
landing site from martian orbit indicated a range of sedimentary 
rock deposits, of proper nature and age, that might either have 
been deposited in potentially habitable environments, or have 
WUDQVSRUWHG�URFNV�IURP�VXFK�HQYLURQPHQWV��$QGHUVRQ�DQG�%HOO�
2010; Milliken et al. 2010; Schwenzer et al. 2012; Wray 2013). 
Curiosity landed a few hundred meters west of a local depression 
in which layered and fractured rocks were visible from orbit. 
The science team and engineering project management decided 
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