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absTracT

Moganite, a newly approved mineral, is microcrystalline silica. Samples of microcrystalline silica 
varieties containing variable amounts of moganite have been analyzed using absorption infrared spec-
WURVFRS\��,5���7KH�PDLQ�VSHFWUDO�GLIIHUHQFHV�EHWZHHQ�PRJDQLWH�DQG�Į�TXDUW]�RFFXU�LQ�WKH�ZDYHQXPEHU�
region below 650 cm–1��$ERYH� WKLV�ZDYHQXPEHU�� WKH� IUHTXHQFLHV�RI�6L�2� VWUHWFKLQJ�YLEUDWLRQV�RI�
PRJDQLWH�DUH�DOPRVW�LGHQWLFDO�WR�WKRVH�RI�TXDUW]��$GGLWLRQDO�PRJDQLWH�EDQGV�ZHUH�UHFRUGHG�QHDU������
207, 296, 343, 419, 576, and 612 cm–1��DQG�VHYHUDO�RI�WKHVH�H[WUD�,5�EDQGV�KDYH�EHHQ�LGHQWL¿HG�IRU�WKH�
¿UVW�WLPH�LQ�PRJDQLWH��7KH�UHVXOWV�LQGLFDWH�WKDW�PRJDQLWH�DQG�TXDUW]�KDYH�GLIIHUHQW�FU\VWDO�VWUXFWXUHV�
and symmetries in terms of different tetrahedral linkages. Infrared spectra obtained from samples with 
different moganite contents cannot be simply explained by mechanical mixing of the two moganite and 
TXDUW]�HQG�SKDVHV��7KH�FKDQJH�LQ�PRJDQLWH�FRQWHQW�OHDGV�WR�QRW�RQO\�D�YDULDWLRQ�RI�VSHFWUDO�LQWHQVLW\��EXW�
DOVR�D�V\VWHPDWLF�PRGL¿FDWLRQ�LQ�EDQG�SRVLWLRQ�DQG�IXOO�ZLGWK�DW�KDOI�PD[LPXP��7KLV�XQXVXDO�EHKDYLRU�
is attributed to grain size, strains, and stacking faults in moganite and the intergrowth of moganite with 
¿QH�JUDLQHG�TXDUW]��7KH�FORVH�FRUUHODWLRQ�EHWZHHQ�EDQG�ZLGWK�DQG�PRJDQLWH�FRQWHQW�LV�LQGLFDWLYH�RI�
DQ�LPSURYHG�FU\VWDOOLQLW\�ZLWK�GHFUHDVLQJ�LQ�PRJDQLWH�FRQFHQWUDWLRQ�WKDW�KDV�EHHQ�LGHQWL¿HG�LQ�QDWXUDO�
TXDUW]�YDULDWLRQV��7KH�UHVXOWV�LPSO\�WKDW�PRJDQLWH�PD\�SOD\�D�UROH�LQ�WKH�IRUPDWLRQ�RU�FU\VWDOOL]DWLRQ�
RI�PLFURFU\VWDOOLQH�TXDUW]��7KH�SUHVHQW�,5�DSSOLFDWLRQ�RIIHUV�D�QHZ�PHWKRG�WR�HVWLPDWH�WKH�PRJDQLWH�
content in microcrystalline silica varieties.
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inTroducTion

Moganite is a microcrystalline silica polymorph (Flörke 
et al. 1984). It has recently been approved as a valid mineral 
species (CNMMN no. 99-035) by the Commission on New 
Minerals and Mineral Names of the International Mineral-
ogical Association. The crystal structure of moganite has been 
described as monoclinic (Miehe et al. 1988) with alternate 
stacking of layers of [1011] slices of left- and right-handed 
Į�TXDUW]�FRUUHVSRQGLQJ�WR�D�SHULRGLF�%UD]LO�ODZ�WZLQQLQJ�RQ�
the unit-cell scale (Miehe and Graetsch 1992). Moganite is 
reported to have cell parameters of a = 8.758, b = 4.876, c = 
�������c��DQG�ȕ� ��������DQG�VSDFH�JURXS�I2/a (Z = 12) (Miehe 
and Graetsch 1992), compared with a = 4.913, b = 4.913, c = 
5.404 Å, and space group P3121 (Z� ����IRU�Į�TXDUW]��'HHU�HW�
al. 1992). Physical properties and crystal structure of moganite 
have been explored by some investigators (Graetsch et al. 
1987, 1994; Miehe and Graetsch 1992; Petrovic et al. 1996; 
Götze et al. 1998; Heaney and Post 2001; Hantsch et al. 2005; 
Heaney et al. 2007). Moganite is found to coexist and form in-
WHUJURZWKV�ZLWK�ILQH�JUDLQHG�TXDUW]�YDULHWLHV��H�J���FKHUW��DJDWH��
and chalcedony from around the world (Heaney and Post 1992; 
Parthasarathy et al. 2001; Rodgers and Cressey 2001; Moxon 
and Ríos 2004). Moganite-type phases have been identified 
LQ�WKH�VLOLFD�DQDORJ�SKRVSKRUXV�R[\QLWULGH��321���&KDWHDX�HW�

DO���������]LQF�ERURSKRVSKDWH��+XDQJ�HW�DO���������DQG�$O324 
(Kanzaki and Xue 2012).

Quartz shows a varied distribution and high abundance in 
the Earth’s rocks. Hence, a better understanding of the structural 
relationship with other minerals is of scientific interest. The 
relatively recent discovery of moganite means that knowledge 
of its optical properties [such as infrared (IR) spectra] and 
comparison with other well-known crystalline polymorphs 
of silica may offer important information on the degree of 
diagenesis in microcrystalline silica. Moganite is suggested 
as an indicator for crystallization in evaporitic environments 
(Heaney 1995). Although IR spectra of moganite have been 
UHSRUWHG�E\�VHYHUDO�JURXSV��WKH�VSHFWUD�DFTXLUHG�LQ�WKHVH�LQYHV-
tigations offered limited lattice phonon modes and some were 
mainly focused on the near infrared (NIR) region (Graetsch et 
al. 1987, 1994; Miehe and Graetsch 1992; Parthasarathy et al. 
2001; Zhang and Moxon 2012; Hardgrove and Rogers 2013). 
Additionally, some of the previously reported infrared spectra 
of moganite showed inconsistent features. For example, the 
work of Parthasarathy et al. (2001) gave a relatively strong IR 
band near 600 cm–1; however, this absorption was not clearly 
revealed in the study of Miehe and Graetsch (1992). There was 
also a lack of comprehension or detailed analysis on how IR 
spectra may change with varying moganite content. Therefore, 
the present study also aimed to gain a good understanding of 
the vibrational phonons of moganite and to compare the spec-
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