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ABstRAct

The mineral sabieite, NH4Fe3+(SO4)2, was found in 2011 along the banks of the Huron River 
QHDU�0LODQ��2KLR��ZKHUH�LW� IRUPHG�DV� WKH�UHVXOW�RI�D�QDWXUDO�¿UH� LQ�DQ�RLO�EHDULQJ�VKDOH��7KH�PLQ�
eral is directly associated with pyracmonite, tschermigite, and voltaite and occurs as colorless, pale 
pink, tan, and yellow hexagonal tablets. The streak is white. Crystals are transparent with vitre�
ous luster. Mohs hardness is 2½, tenacity is brittle, fracture is irregular, and cleavage is perfect on 
{001}. The measured density is 2.65(2) g/cm3. The mineral is optically uniaxial (–) with indices of 
refraction Z = 1.657(3) and H = 1.621(5) (white light). The empirical formula (based on 2 S apfu) is 
[(NH4)0.73(H3O)0.22K0.04Na0.01]61.00(Fe3+

0.95Al0.02Mg0.01)60.98(SO4)2. Powder diffraction showed crystals to be 
combinations of the 2H and 3R polytypes. The structure of the 2H�SRO\W\SH�ZDV�VROYHG�DQG�UH¿QHG�
IURP�VLQJOH�FU\VWDO�GDWD�\LHOGLQJ�R1 = 0.0694 for 509 Fo > 4V(F��UHÀHFWLRQV��7KH��H polytype has space 
group P63 and cell parameters a = 4.83380(17), c = 16.4362(9) Å, V = 332.59(2) Å3, and Z = 2 and 
the 3R polytype has space group R3 and cell parameters a = 4.835(2), c = 24.496(15) Å, V = 495.9(5) 
Å3, and Z = 3. The sabieite polytypes (including the original sabieite from Sabie, South Africa, which 
is the 1T�SRO\W\SH��KDYH�JODVHULWH�OLNH�VWUXFWXUHV�ZLWK�OD\HUV�FRQVLVWLQJ�RI�)H3+O6 octahedra that share 
each of their vertices with SO4 tetrahedra. NH4�JURXSV�RFFXS\����FRRUGLQDWHG�VLWHV�LQ�WKH�LQWHUOD\HU�
region, bonding to 6 O atoms in each of the adjacent layers. In the 1T polytype, successive layers have 
LGHQWLFDO�FRQ¿JXUDWLRQ�DQG�RULHQWDWLRQ��SURYLGLQJ�D�RQH�OD\HU�UHSHDW�VHTXHQFH��,Q�WKH��H polytype, 
DOWHUQDWH�OD\HUV�DUH�ÀLSSHG��RU�URWDWHG���LQ�D�WZR�OD\HU�UHSHDW�VHTXHQFH��,Q�WKH��R polytype, successive 
OD\HUV�DUH�VKLIWHG�UHODWLYH�WR�RQH�DQRWKHU��LQ�D�WKUHH�OD\HU�UHSHDW�VHTXHQFH��7KH�GLIIHUHQW�RULHQWDWLRQV�
of adjacent layers in the structures of the 2H and 3R�SRO\W\SHV�UHVXOW�LQ�VLJQL¿FDQW�FKDQJHV�LQ�WKH�
linkages between the (NH4)O12 and Fe3+O6 polyhedra.
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intRoduction

The mineral sabieite, NH4Fe3+(SO4)2, was described by Mar�
tini (1983) from the Lone Creek Fall Cave, near Sabie, Eastern 
Transvaal, South Africa. It was found along with two other 
new minerals, lonecreekite, and clairite, in a suite of secondary 
sulfates, most of which contained ammonium. The phases were 
presumed to have formed at ambient temperature from seepage 
water, which oxidized pyrite in the chert breccia above the cave 
and then interacted with ammonia vapors from decaying organic 
matter (Hyrax excreta). The sabieite was reportedly derived from 
the dehydration of lonecreekite, NH4Fe3+(SO4)2�12H2O.

Sabieite occurred as a white powder consisting of minute 
platelets no more than 10 PP�LQ�GLDPHWHU�DQG�WRR�VPDOO�IRU�VLQJOH�
FU\VWDO�VWXG\��KRZHYHU��SRZGHU�;�UD\�GLIIUDFWLRQ�FRQILUPHG�WKH�
mineral to be essentially identical to synthetic NH4Fe3+(SO4)2 
�-&3'6�QR�� ��������ZLWK� WKH� WULJRQDO� VSDFH� JURXS�P321 and 
SRVVHVVLQJ� D� JODVHULWH�OLNH� VWUXFWXUH��0DUWLQL� ������� UHSRUWHG�

the cell parameters a = 4.822 and c = 8.1696 Å (Z = 1) obtained 
from the powder data. The only other descriptive data reported 
was an electron microprobe analysis that provided the empirical 
formula [(NH4)0.83K0.04]60.87(Fe0.94Al0.04)60.98S2.03O8.

In early 2011, a remarkable suite of minerals was discovered 
DORQJ� WKH�+XURQ�5LYHU� LQ�QRUWK�FHQWUDO�2KLR��7KHVH�PLQHUDOV�
ZHUH�DFWLYHO\�IRUPLQJ�DV� WKH�UHVXOW�RI�D�ILUH� LQ�DQ�RLO�EHDULQJ�
shale. Among them were several phases that appeared to be 
QHZ�PLQHUDO� VSHFLHV��2QH�RI� WKHVH��RFFXUULQJ�DV�ZHOO�IRUPHG�
hexagonal plates, possesses the same ideal formula as sabieite, 
EXW�SURYLGHV� D� XQLTXH�SRZGHU�;�UD\�GLIIUDFWLRQ�SDWWHUQ��)XU�
ther study showed the pattern to be produced by two different 
NH4Fe3+(SO4)2 polytypes: a 2H polytype with a primitive hex�
agonal space group (P63��DQG�D���OD\HU�UHSHDW�DORQJ�c and a 3R 
polytype with a rhombohedral trigonal space group (R3) and a 
��OD\HU�UHSHDW�DORQJ�c. The original sabieite of Martini (1983), 
ZLWK�D���OD\HU�UHSHDW�DORQJ�c, is the 1T polytype. According to 
the rules of the Commission on New Minerals Nomenclature 
and Classification (see Nickel and Grice 1998), polytypes are 
not regarded as separate species; thus, these three phases are 
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