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abstract

Olivine exhibits highly diagnostic absorption features across visible to near-infrared (VNIR) wave-
lengths due to electronic transitions of Fe2+ in its crystal structure. The properties of these absorptions 
vary with composition, enabling compositional analysis of olivine through VNIR spectroscopy, both 
in the laboratory and through remote sensing. Previous analyses of these trends have relied on natural 
ROLYLQH�VDPSOHV��ZKLFK�DUH�LQÀXHQFHG�E\�WKH�SUHVHQFH�RI�PLQRU�FDWLRQV�WKDW�FDQ�DIIHFW�WKH�GLDJQRVWLF�
absorptions. We conduct a systematic analysis of a suite of synthetic (pure Mg/Fe) olivine samples 
ZLWK�91,5�����±�����QP��UHÀHFWDQFH�VSHFWURVFRS\�DQG�TXDQWLWDWLYH�VSHFWUDO�GHFRQYROXWLRQV��)URP�
the full suite of samples described and characterized by Dyar et al. (2009), we identify a small suite 
of well-characterized and chemically pure olivine samples that demonstrates consistent and reliable 
VSHFWUDO�UHÀHFWDQFH�SURSHUWLHV�DFURVV�YLVLEOH�WR�QHDU�LQIUDUHG�ZDYHOHQJWKV��7KLV�VXLWH�FRYHUV�WKH�VWRL-
chiometric olivine solid solution from x = Mg/(Mg+Fe) = 0 to x = 70 (Fo0 to Fo70). Because of their 
tight compositional control, these synthetic samples improve on previous analyses of natural samples. 
7KH�UHVXOWV�RI�WKLV�VWXG\�SURYLGH�D�QHZ�VWDQGDUG�IRU�VSHFWUDO�UHÀHFWDQFH�SURSHUWLHV�RI�ROLYLQH�DFURVV�
visible to near-infrared wavelengths for the compositions present in the suite. We present updated 
data on the trends in olivine band position as a function of olivine composition, which are the basis 
IRU�UHPRWH�FRPSRVLWLRQDO�HYDOXDWLRQ�RI�ROLYLQH�ZLWK�YLVLEOH�WR�QHDU�LQIUDUHG�UHÀHFWDQFH�VSHFWURVFRS\��
For these reasons, these improved olivine band position trends are of major importance to remote 
compositional analyses of terrestrial planets.
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IntroDuctIon

Olivine is a major component of rocky Solar System bodies. 
It plays a dominant role in planetary mantles, and is common 
in mafic igneous rocks occurring on or near planetary surfaces. 
Olivine composition is a valuable means for interpretation of 
the thermal and chemical evolution of diverse planetary bodies. 
Because olivine is the first mineral to crystallize from typical 
mafic melts, it is a common constituent of planetary surfaces 
and chondritic meteorites. Olivine composition [major element 
FKHPLVWU\��W\SLFDOO\�H[SUHVVHG�DV�0Jމ��RU�PRODU�>0J��0J�)H�@�LV�
an important petrologic indicator for properties such as the body 
or sampled unit’s degree of petrologic evolution and parent melt 
composition. Furthermore, olivine’s VNIR absorption features 
are sensitive to olivine composition; olivine composition can 
RIWHQ�EH�HYDOXDWHG�WKURXJK�UHPRWH�VHQVLQJ�XVLQJ�WHFKQLTXHV�WKDW�
TXDQWLI\�WKHVH�FKDUDFWHULVWLF�ROLYLQH�DEVRUSWLRQ�IHDWXUHV��7KXV��

determining olivine composition through remote sensing is an 
important tool for evaluating planetary petrology.

Characterization of the olivine absorption properties using 
laboratory VNIR spectroscopy for samples with known major 
element compositions provides the basis for the evaluation of 
unknown olivines with VNIR spectroscopy. However, pure 
stoichiometric olivine [(Mg,Fe)2SiO4@� LV� YHU\� UDUH� LQ� QDWXUDO�
samples, and the substitution of minor cations like Mn2+ (Burns 
1993; Cloutis 1997), Ni2+ (Hu et al. 1990), and Cr2+ (Burns 1975, 
1993) can have unexpected effects on olivine’s VNIR reflectance 
properties. Minor cations can introduce additional absorption 
features in olivine spectra. However, the most significant ef-
fects of these minor cations (with respect to compositional 
HYDOXDWLRQ�RI�ROLYLQH�WKURXJK�DQDO\VLV�RI�WKH���ȝP�)H2+ feature) 
largely involve changes to the principal Fe2+ crystal field transi-
WLRQ� DEVRUSWLRQV�QHDU� ��ȝP� �LQFOXGLQJ� FKDQJHV� WR� EDQG�SRVL-
tion, relative intensities, and shape). These changes result from 
changes to the olivine structure resulting from the introduction 
of cations with different sizes and site occupancy preferences 
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