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INTRODUCTION

Beryl is a beryllium-aluminum-silicate mineral. When
it grows unimpeded, it forms hexagonal prisms. In its sim-
plest form, its chemical formula is Be3Al2[Si6O18], and it is
clear or white in colour. Addition of Cr, V, Mn, or Fe into
the formula can result in some of the world’s most sought
after gemstones: green emerald (Cr, ±V), pink morganite
(Mn), yellow heliodor (Fe), and blue aquamarine (Fe). Yet,
no simple addition of these key elements will do; the
amount and valence of the element and site of its occupancy
within the crystal lattice are key to colour. Beryl’s molecu-
lar structure is dominated by hexagonal rings comprised of
six Si-O tetrahedra (Figure 1). Linking the rings are tetra-
hedrally coordinated Be (±Fe, Mn, Mg) and octahedrally
coordinated Al (±Fe, Cr, V). The rings are stacked parallel
to the crystal prism (z axis) producing hollow channels.
This “zeolite” structure, named after a family of minerals
known as molecular sieves, permits occupancy of water
and cations (particularly alkalis, Na, Li, K, Cs, Rb) within
the crystal lattice, but outside of the crystal formula unit.
Thus, up to 8% alkalis (Deer et al., 1966) in igneous beryl,
and an amazing 14% in hydrothermal beryl (Vianna et al.,
2002b) can be accommodated along with a charge balance
not accounted for in the formula unit. Schaller et al. (1962)
described beryl chemistry as an isomorphic series between
the end members Be3Al2Si6O18, (Na, Cs)Be2Al(Al,
Li)Si6O18, and (Na,K,Cs)Be3R

3+R2+Si6O18 where R3+ = Al,
Fe, Cr and Sc, and R2+ = Be, Fe, Mn and Mg. In consider-
ation of the channel components, the formula may be gen-

erally presented as: R2+Be2R
3+Al[Si6O18].(H2O)(Na,�).

Refractive index of beryl increases with increasing
content of alkalis in the channels as the channels would oth-
erwise be empty space within the crystal structure. When
iron occupies the channels it appears to be a quintessential
agent in the colouration (i.e. the chromophore) of aquama-
rine gemstones (Price et al., 1976; Vianna et al., 2002a). A
correlation between Fe content and colour of aquamarine
has long been known, although some authors have attrib-
uted colouration to other agents such as Cs (Sosedko,
1957). Mössbauer spectroscopy in particular has helped to
isolate the chromophore’s position within the crystal lat-
tice. Combining this technique with other spectroscopic
methods it can be reasonably inferred that ferric iron with
octahedral coordination produces a yellow colour, while

ferrous iron in the octahedral site has no effect on colour,
and ferrous iron within channels produces a deep blue col-
our (Vianna et al., 2002b). These same authors showed that
in one small population of samples deep blue aquamarines
have little Fe3+ and greener samples contain more Fe3+ or
less Fe2+ in channels. The common process of heat-treating
aquamarine to produce darker blue colour may work
through charge transfer of Fe3+ to Fe2+, thereby eliminating
the greenish cast (Blak et al., 1982).

In this paper we report on the chemical composition of
blue beryl that is abundant at the Logtung tung-
sten-molybdenum deposit of northwestern BC (Figure 2).
Mineralization is associated with a porphyritic quartz
monzonite intrusion dated at ~58 Ma (U-Pb zircon;
Mihalynuk and Heaman, 2002) although previous isotopic
age determinations suggest an age of around 109 ±2 Ma
(K-Ar muscovite; Hunt and Roddick, 1987) to 118 ±2 Ma
(Rb-Sr; Stewart and Evensen, 1983).Observations reported
on here are limited to a few person-days devoted mainly by
Ministry of Energy and Mines personnel to mapping the
area around the Logtung deposit as part of the National
Mapping Program (Ancient Pacific Margin NATMAP,
1999-2000; Mihalynuk et al., 2000). Geological work un-
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Figure 1. Atomic structure of Beryl, modified after (Deer et al.,
1966). Atom loci are projected onto basal 0001 plane and the lower
Si-O ring is shown by dashed bonds. Grey trapezoid outlines the
unit cell. Ring channels may be occupied by water alkalis and fer-
rous iron.
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der the NATMAP program was not specifically aimed at
beryl, however, blue beryl was reported previously at the
Logtung deposit (MINFILE number 104O 016) and we
found to it be common, with crystals up to 1.5 cm in diame-
ter and 3 cm long. Unfortunately, all large specimens ob-
served were cloudy or heavily included. Clear crystals
tended to be less than 3 mm in diameter.

If large, gem quality stones are to be found at Logtung,
a more methodical and intense exploration program than
our ancillary approach will be required. To help determine
if such exploration is worthwhile, we analyzed a sample of
Logtung beryl to compare its chemical affinity with known
gem occurrences from around the globe. The chemistry and
structure of beryl from some of these occurrences is very
well characterized, providing a good benchmark for com-
parison.

Methods

About 2 grams of beryl were extracted from a single
fist-sized sample, crushed with an agate mortar and pestle
to a particle size of less than ~1 mm and then carefully
sorted. Clear, inclusion-free grains were separated and
powdered in the mortar and pestle, resulting in a final sam-
ple yield of 0.8 g. The powder was submitted to ACME An-
alytical Laboratories,Vancouver, for analysis by lithium
metaborate (LiBO2)fusion followed by Inductively Cou-
p led P lasma Emiss ion and Mass Spec t romet ry
(ICPES/MS).

A sample aliquot of 0.2g was fused at 900oC with
LiBO2which enables complete dissolution of the residue in
HNO3 for analysis by ICPES/MS. This technique provides
an analytical sensitivity with a small sample size that is
comparable to wet chemical or microprobe analyses of
beryl published previously (Table 1). Benefits of
ICPES/MS include ease of sample preparation, and the
large number of major and trace elements can be deter-
mined simultaneously. Drawbacks include the inability to
analyze Li2O content because of the addition LiBO2 and
possible loss of Li during fusion, inability to distinguish Fe
valance state, and lack of volatiles determination (e.g.
H2O). As discussed above, H2O+ and H2O- are principally
restricted to crystal channels and do not enter into the crys-
tal structure. Fe3+/Fe2+ can be estimated from cationic site
occupancy balance. However, lack of Li2O is a serious
drawback because the beryl crystal structure can incorpo-
rate a large proportion of Li. In the case of the Logtung
beryl, Li may be an important constituent based upon the
low oxide totals and the results of cationic ratio calculations
(Tables 1 and 2).

Results

ICPES/MS analytical results are reported at the bottom
of Table 1. ICPES/MS detection limits reported are compa-
rable or better than those reported for the results by other
methods listed in Table 1. Figure 3a shows that the most
abundant oxides of Si and Al are low in the Logtung beryl

Figure 2. Location of the Logtung porphyry, adapted from (Mihalynuk and Heaman, 2002).
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when compared to the visually estimated mean of 65 wt. %
SiO2 and 18 wt. % Al2O3 from the data set, possibly contrib-
uting to the low total and the 0.3 atomic formula unit deficit
in the tetrahedral site (Th, Table 2).

Iron on the other hand, compares favourably with Fe
contents in blue (and green) gem beryl worldwide (Figure
3b, c). Only beryl which lack blue or green colouration
have lower Fe contents as listed in Table 1 and shown on
Figures 3b and 3c.

Conclusions

Inductively Coupled Plasma Emission and Mass Spec-
trometry (ICPES/MS) permits analysis of small samples
(0.2g) with low detection limits. As a result, the method is
ideally suited to elemental determination of coarse, single
crystals. Drawbacks of the method are acute for minerals
that contain significant Li2O because fusion of the sample
for ICPES/MS analysis requires addition of LiBO2. Where
OH- is a key components of the crystal chemistry, it must be
also be determined by a separate method. Nevertheless,

ICPES/MS provides a quick and cost effective method for
determining the elemental abundance of key chromo-
phores. In the case of the Logtung beryl, Fe content com-
pares with gem aquamarine (and emerald) elsewhere in the
world. On the basis of Fe content, the Logtung beryl can be
classified as aquamarine, although the presence of
gem-quality aquamarine at this locality has yet to be estab-
lished.
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