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aBstract

In this paper we have presented a detailed response to Ertl et al. (2012a) who, in a paper in vol-

ume 97 (year 2012), pages 1402–1416, this journal, claim evidence for limitations of Fe2+ and Mn2+ 

occupancy at the Z site of the tourmaline structure. They also propose a model by which the <Z-O> 

distance of tourmaline varies as a function of its <Y-O> and <T-O> bond lengths. We have examined 

their conclusions and find that a different distribution of cations over the Y and Z sites gives better 

agreement with the extensive experimental information available. In fact, on the basis of crystal-

structure refinements, Mössbauer spectroscopy, optical absorption spectroscopy, bond-valence theory, 

ionic radius concept and literature, the occurrence of Fe2+ at the Z site of tourmaline is well supported. 

Conversely, existing experimental data does not provide indisputable evidence for the occurrence of 

Mn2+ at the Z site. Despite this, there is no evidence for inductive effects of YMn2+ on <Z-O>, and the 

proposed effects must be regarded as speculative. Statistical analysis shows that the <ZAl-O> average 

value is 1.906(2) Å, which is consistent with the observed values of <ZAl-O> at the 99% confidence 

limit (within 3X) in tourmalines with the Z site fully occupied by Al. Consequently, the proposed 

inductive effect of <Y-O> and <T-O> on <Z-O> can be ruled out.
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introduction

In a 2012 publication in American Mineralogist, Ertl et al. 

(2012a) reported experimental results that they interpret as 

definitive evidence that Fe2+ occurs only at the Y site in the 

tourmaline structure. Our analysis of the extensive available 

experimental information suggests that significant amounts of 

Fe2+ can be found at the Z site (see below). In addition, we will 

show that the apparent correlation between the average <Z-O> 

and <Y-O> (or <T-O>) bond distances that Ertl et al. (2012a) 

ascribe to an inductive effect is an artifact of the way they selected 

their statistical sample.

The tourmaline supergroup minerals are widespread borosili-

cates, occurring in sedimentary, igneous, and metamorphic rocks. 

In accordance with Henry et al. (2011), the general formula of 

tourmaline may be written as: XY3Z6T6O18(BO3)3V3W, where X 

= Na+, K+, Ca2+, � (= vacancy); Y = Al3+, Fe3+, Cr3+, V3+, Mg2+, 

Fe2+, Mn2+, Li+; Z = Al3+, Fe3+, Cr3+, V3+, Mg2+, Fe2+; T = Si4+, Al3+, 

B3+; B = B3+; V (}O3) = OH1–, O2–; W (}O1) = OH1–, F1–, O2–.

a BrieF history on Fe2+ at the z site in 
tourmaline

To our knowledge, the first experimental information on Fe2+ 

occupancy at Z originates from Mössbauer studies by Burns 

(1972) and Hermon et al. (1973). Later, Korovushkin et al. 

(1979), Kraczka et al. (1986), Ferrow et al. (1988, 1993), Ferrow 

(1994), Foit et al. (1989), Fuchs et al. (1995, 1998), Baksheev et 

al. (2010), and Gadas et al. (2012) interpreted their Mössbauer 

spectra of various tourmalines in terms of Fe2+ disordering over 

the Y and Z sites. Additional information on the occurrence 

of Fe2+ at Z comes from the structural studies of Fortier and 

Donnay (1975), Razmanova et al. (1983), Grice and Robinson 

(1989), Francis et al. (1999), and Ertl and Hughes (2002), which 

quantified such an occurrence up to 7% atoms/site (Table 1). 

Supplementary pieces of information on Fe2+ at Z come from the 

optical absorption studies of Smith (1978), Mattson and Rossman 

(1987), Camargo and Isotani (1988), and Taran et al. (1993).

An explanation supporting Fe2+ at Z was suggested by Don-

nay and Barton (1972) on the idea of the mutual size adjustment 

required of the edge-sharing coordination polyhedra about Y and 

Z cations. Using short-range bond-valence constraints, Haw-

thorne (1996) predicted that in addition to (Mg,Al) disordering 

“similar arguments apply to their (Fe2+,Fe3+) analogues.” Such 

a prediction was recently confirmed by Bosi (2011). Again, in 

a general review on boron-bearing minerals, dealing with the 

tourmaline crystal-chemistry, Henry and Dutrow (1996) stated 

that the Z site “can contain significant amounts of the divalent 

cation Mg2+ and Fe2+.” The end-member oxy-schorl NaY(Al2Fe2+)
Z(Al5Fe2+)Si6O18(BO3)3(OH)3O was defined by Hawthorne and 

Henry (1999) and successively modified by Henry et al. (2011) as 

NaY(Al3)
Z(Al4Fe2

2+)Si6O18(BO3)3(OH)3O. In this regard, however, 

it should be noted that an end-member is an algebraic entity, not 

a mineral. Consequently, the occurrence of such an end-member 

does not ensure that it can occur as a mineral. On experimental 

basis, Bosi and Lucchesi (2004), Bosi et al. (2005a), Bosi (2008), 

and Andreozzi et al. (2008) proposed a model in which Fe2+ may 

occur at Y and Z, and Filip et al. (2012) reported a thermally 

driven study in which Fe2+ is disordered over the Y and Z sites.

Ertl et al. (2012a) focus their attention only on published 
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