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INTRODUCTION

In natural tourmaline, XY3Z6(BO3)3T6O18V3W (Hawthorne 
and Henry 1999), the X site can be occupied by Na, Ca, K, or 
■■, but Na predominates in the common solid-solutions among 
schorl-dravite-olenite-foitite. In the schorl-dravite series, [9]Na+ 
(ionic radius ∼1.40 Å) occupies the X site, which has a polyhedral 
volume of 32�33 Å3. Although schorl-dravite commonly crystal-
lizes with K-feldspar, K normally is incompatible in tourmaline. 
Potassium contents rarely exceed 0.1 wt% K2O in tourmaline, and 
the maximum recorded value is ∼2.3 wt% K2O in povondraite 
(Grice et al. 1993). Presumably, [9]K+ (ionic radius ∼1.63 Å) is 
too large for the X site of tourmaline from the schorl-dravite-
olenite-foitite series. The ionic radius of [8]Ag+ (∼1.38 Å, no 
known data for [9]Ag+ or [10]Ag+) is 10% larger than [8]Na+(∼1.24 
Å) but 15% smaller than [8]K+ (∼1.63 Å). Substitution of Ag+ for 
Na+, therefore, would produce a relatively small volume change 
of the XO9 polyhedron. We conÞ rm here that tourmaline can 

accommodate a signiÞ cant fraction of the larger Ag+ at the X 
site. We examine the chemistry and atomic arrangement of a 
synthetic tourmaline with a signiÞ cant amount of Ag at the X site, 
and comment on the possible use of tourmaline as an indicator 
mineral in precious metal exploration.

EXPERIMENTAL DETAILS

Tourmaline synthesis
Different Ag-rich tourmaline samples were synthesized at 500�750 °C and 

200 MPa H2O in subhorizontal cold-seal pressure vessels, starting with an oxide 
mix, �Syntur,� of the composition of dravite (Table 1), to which various reagents 
(including AgF and AgCl) were added. Deionized ultraÞ ltered water, then Ag 
halide, then Syntur mix were added to Au capsules 2.5 mm in diameter and 4�6 
mm long. Capsules were sealed by DC argon-plasma arc-welding while keeping 
the capsule frozen to prevent volatilization of added water, placed overnight in 
an oven at 130 °C, and then re-weighed to ensure no leakage. Experiments were 
conducted in subhorizontal NIMONIC 105 cold-seal pressure vessels with water as 
the pressure medium. Variations in the target temperature and pressure during the 
experiments were ±3 °C and ±1 MPa, respectively. The temperature was monitored 
with an internal Chromel-Alumel thermocouple, and pressure was monitored with 
a factory-calibrated Heise bourdon tube gauge; uncertainties in temperature and * E-mail: dlondon@ou.edu
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ABSTRACT

Ag-rich tourmaline crystals were synthesized at 750 °C, 200 MPa H2O, and fO2
 = log (NNO) � 0.5, 

starting with an oxide mix of dravite composition to which various reagents, including AgF and AgCl, 
were added. Tourmaline containing up to 7.65 wt% Ag2O was synthesized, and this is the Þ rst time a 
tourmaline is described that contains signiÞ cant amounts of Ag at the ninefold-coordinated X site. Crys-
tal structure reÞ nement and chemical analysis (EMPA) give the optimized formula X(Na0.58Ag0.18■■0.24) 
Y(Al1.54Mg1.46) Z(Al5.34Mg0.66) T(Si5.90Al0.10)O18 (BO3)3 

V(OH)3
W(O0.53F0.47), with a = 15.8995(4) and c = 

7.1577(4) Å, and R = 0.036 for a crystal (∼20 × 100 μm) with approximately 2.2 wt% Ag2O. ReÞ n-
ing Na ↔ Ag at the X site clearly indicates that Ag occupies this site. The X-O2 distance of ∼2.52 
Å is slightly longer than tourmaline with ∼(Na0.6■■0.4), reß ecting the slightly larger ionic radius of Ag 
compared to Na. Releasing the occupancy at the Y site gives ∼Al0.98 (∼12.7 e�), which can be explained 
by occupation of Mg and Al. On a bond-angle distortion vs. <Y-O> distance diagram, the Ag-rich ole-
nite-dravite lies approximately on the V site = 3 (OH) line in the Þ gure, deÞ ning the relation between 
bond-angle distortion (σoct

2) of the ZO6 octahedron and the <Y-O> distance. No H could be found at 
the O1 site by reÞ nement, in agreement with the Mg-Al disorder between the Y site and the Z site. 
Synthetic tourmaline contains no Ag when only AgCl is added; the compatibility of Ag in tourmaline, 
therefore, is largely a function of the F/Cl ratio of the ß uid medium. A positive association of Ag at 
the X site with Al at the Y site and with F suggests that tourmaline might be useful for exploration in 
Cornwall-type polymetallic ore deposits associated with F-rich peraluminous granites or at other Ag-, 
F-, and B-enriched deposits such as Broken Hill, Australia. Preliminary electron microprobe analyses 
of tourmaline from Cornwall and Broken Hill, however, failed to detect Ag at the 3σ detection level 
of 0.08 wt% Ag2O. 
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