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ELEMENT ABUNDANCES RESULTS: TRACE ELEMENT OZ BEHAVIOUR
This study follows two previous investigations, in which 
the crystal chemistry (Lussier et al. 2011) and the 
variations of major chemical constituents (Lussier & 
Hawthorne 2011) were thoroughly characterized. Here, the 
variations of trace elements (TEs) are systematically 
investigated. A thorough survey of potential elements (48 
in total) by LA-ICP-MS confirmed the occurrence of 26 
elements with mean abundances above limits of detection. 

Two substitution mechanisms operate:
 [1] XNa + YFe* ↔ XCa + YLi 
 [2] YFe* ↔ YLi + YAl
The occupants of the T-, B-, and Z-sites 
remain invariant throughout the whole 
crystal.
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FIGURE 1: (a) LIDDICOATITE SLAB (001); OZs IN 
(b) PYRAMIDAL AND (c) PRISMATIC SECTORS.
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Major element chemistry:
 X = Ca, Na,    , < Pb2+

 Y = Li, Al, Fe* (= Mg + Fe2+), Mn2+

 Z = Al
 T = Si
 B = B 
 W = (OH)-, F-
 V = (OH)-

TE abundances are 
measured by LA-ICP-MS 
along a continuous 
analytical traverse (blue 
line, Fig. 1a). For each 
element, ~9000 data 
points are collected at a 
step size of 10 μm. NIST 
SRM 610 synthetic glass is 
used as a standard.  

Table 1 gives mean 
abundances for OZs: 
 (1) in the pyramidal
   {201} sector; 
 (2) in the prismatic 
   {100} sector; and 
 (3) along the complete 
   traverse.

In the pyramidal sector, OZ is observed for 21 of the 26 trace elements 
that are quantified (Fig. 2).  
Within individual zones, variation of element abundance (Ab) follows a 
curve (grey lines, Fig. 3) given by
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Type-I, -II, and -IV OZ occur for both trace and major elements. LREEs 
(Type-III) show a unique profile, not observed for any major element. 
Likely site positions (and valence states) are determined by comparing 
ionic radii of TEs to aggregate radii of major elements (Table 2).

Four distinct profile types of TE behaviour are observed (Fig. 3).
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TABLE 2. STRUCTURAL POSITION  
AND OZ BEHAVIOUR

The site-specific OZ behaviour observed for 
major elements is also observed for TEs: 
elements occupying the X- and Y-sites show 
OZ, while elements occupying the T- and 
B-sites do not show OZ. 
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Lussier et al. (2011). Can. Min.  49 : 63-88; Lussier & Hawthorne (2011) Can. Min. 49, 
89-104.

In Madagascar liddicoatite, TE abundances are sensitive to 
mechanisms causing OZ. As observed for major elements, the 
OZ behaviour of TEs appears related to structural position.

TE abundances are less constrained by bulk stoichiometry 
than are major elements and hence provide unique insight 
into OZ processes.

TABLE 1

FIGURE 3: ZONE PROFILE 
FITTED TO EQ. 1.

FIGURE 2: EXAMPLES OF THE FOUR TYPES OF 
TRACE ELEMENT PROFILES OBSERVED

Ap = zone amplitude, d = distance. 
Parameters λ (and ∆) are fitted. EQ. 1


