
American Mineralogist, Volume 99, pages 2280–2291, 2014

0003-004X/14/1112–2280$05.00/DOI: http://dx.doi.org/10.2138/am-2014-4878      2280 

* E-mail: wbalsam@tds.net

Determining hematite content from NUV/Vis/NIR spectra: Limits of detection
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Hematite occurs in various geologic settings including igneous, metamorphic, and sedimentary rocks 
as well as in soils. However, it frequently occurs at low concentrations, especially in soils, where it may 
be <1% by weight. Because hematite has the potential to be an indicator of oxidizing and climatic condi-
tions in soils and paleosols, it is important to understand its limit of detection. In this paper we examine 
WKH�OLPLWV�RI�GHWHFWLRQ�RI�KHPDWLWH�YLVXDOO\�DQG�ZLWK�GLIIXVH�UHÀHFWDQFH�VSHFWURSKRWRPHWU\��'56��DQG�
;�UD\�GLIIUDFWLRQ��;5'���7R�DFFRPSOLVK�WKLV�ZH�XVHG�D�VDPSOH�VHW�FRQVLVWLQJ�RI�³NQRZQV´�RU�FDOLEUDWLRQ�
samples. These known samples consisted of 15 different matrices of varying mineral composition into 
which hematite in 7 different concentrations ranging from 0.01 to 4% by weight were mixed. Including 
the 0% hematite, our calibration data set consisted of 120 samples. Visually, hematite can be detected at 
a concentration of 0.01% by weight in a light matrix and 0.5% in the darkest of our matrices. However, 
EHFDXVH�RI�PHWDPHULVP��YLVXDO�WHFKQLTXHV�FDQQRW�VSHFL¿FDOO\�LGHQWLI\�KHPDWLWH��:H�¿QG�WKDW�IRU�ERWK�
'56�DQG�;5'�WKH�OLPLW�RI�GHWHFWLRQ�LV�DOVR�GHSHQGHQW�RQ�WKH�PDWUL[��)RU�;5'�WKH�OLPLW�RI�GHWHFWLRQ�
IRU�KHPDWLWH�LQ�EXON�VDPSOHV�LV�DERXW�����)RU�'56�WKH�OLPLW�RI�GHWHFWLRQ�GHSHQGV�RQ�WKH�GDWD�UHGXFWLRQ�
WHFKQLTXH�XVHG��7KH�FRPPRQO\�XVHG�.XEHOND�0XQN�UHPLVVLRQ�IXQFWLRQ�DQG�LWV�¿UVW�DQG�VHFRQG�GHULYD-
WLYHV�FDQ�HDVLO\�LGHQWLI\�KHPDWLWH�DW�WKH������OHYHO��+RZHYHU��WKH�¿UVW�GHULYDWLYH�RI�WKH�SHUFHQW�UHÀHFWDQFH�
curve can detect hematite at 0.01% by weight in a light matrix and 0.05% in a dark matrix. We suggest 
WKDW�WKH�¿UVW�GHULYDWLYH�RI�'56�FXUYHV�LV�WKH�EHVW�FXUUHQWO\�DYDLODEOH�PHWKRG�IRU�TXDOLWDWLYHO\�GHWHFWLQJ�
the mineral hematite at low concentrations found in soils, sediments, and rocks.

Work described in this paper may be applied in several situations. Our study of visual limits of 
KHPDWLWH�GHWHFWLRQ�VKRXOG�DLG�¿HOG�JHRORJLVWV�LQ�DVVHVVLQJ�KHPDWLWH�FRQWHQW��$QDO\VLV�RI�FRORU�ZDYH-
length bands may also have application in remote sensing by indicating which bands are most sensitive 
to hematite, reported to be an important constituent of the martian surface. Furthermore, this study 
could help clarify remotely sensed terrestrial albedo changes, especially the Sahara/Sahel transition 
where the sediments change from light, quartz-dominated to dark, hematite-dominated. Our study also 
SRLQWV�RXW�WKDW�ZLWK�ODERUDWRU\�EDVHG�VSHFWUD�WKH�¿UVW�GHULYDWLYH�RI�WKH�UHÀHFWDQFH�FXUYH�LV�WKH�PRVW�
sensitive transform for processing spectral data for hematite, thereby allowing concentrations as low 
as 0.01% to be detected.
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Iron oxides and oxyhydroxides are important geological mate-
rials. They are common weathering products and are widespread 
in soils and rocks. Not only are they economically significant, 
forming one of the bases of the industrial age, but they also 
preserve a variety of environmental information, making them 
potentially important proxy monitors of past conditions. Iron 
R[LGHV�DUH�LPSRUWDQW�LQ�UHPRWH�VHQVLQJ��HVSHFLDOO\�RI�0DUV��ZKHUH�
WKH\�DUH�WKRXJKW�WR�EH�UHVSRQVLEOH�IRU�WKH�UHG�FRORU��0RUULV�HW�
DO��������DQG�KDYH�EHHQ�XVHG�WR�VXJJHVW�WKH�SUHVHQFH�RI�ZDWHU�
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,,��,,,��PDJQHWLWH���LURQ�R[LGH�,,,��KHPDWLWH���DQG�LURQ�,,,�R[LGH�
K\GUR[LGH��JRHWKLWH���$OWKRXJK�WKHUH�DUH�QXPHURXV�LURQ�R[LGH�
and oxide-hydroxide minerals, the most common on the Earth’s 
VXUIDFH�DUH�KHPDWLWH��F-Fe2O3��DQG�JRHWKLWH��F�)H22+��DQG�WKHLU�
SRO\PRUSKV�PDJKHPLWH��Ȗ�)H2O3��DQG�OHSLGRFURFLWH��Ȗ�)H22+��

,URQ�R[LGHV� FDQ�EH�SRZHUIXO� FRORULQJ� DJHQWV� �'HDWRQ� DQG�
%DOVDP������� DQG� DUH� FRPPRQO\�XVHG� DV� SLJPHQWV� LQ�SDLQWV�
and other products. The color imparted by iron oxides can be 
far greater than their weight concentration implies making 
color a rapid and accurate indicator of oxidizing conditions 
�6FKZHUWPDQQ��������,URQ�R[LGHV�LQ�DQFLHQW�VRLOV�KDYH�DOVR�EHHQ�
VXJJHVWHG�DV�LQGLFDWRUV�RI�SDOHRUDLQIDOO�DQG�WHPSHUDWXUH��.DPSI�


