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abstract

Two errors are identified in the implementation of a recently published thermometer based on the 
partitioning of trace elements between garnet and clinopyroxene. The errors compromise comparisons 
with other thermometers and experimental results. Using the same methodology, a new, simplified 
procedure is presented to rectify the errors and test the consequences. In general, the corrected ther-
mometer gives temperatures that are 30–50 °C higher than uncorrected values.
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iNtroductioN

Garnet-clinopyroxene trace-element thermometry (Pickles 
et al. 2016) and thermobarometry (Sun and Liang 2015) are 
of great interest, despite issues related to sensitivity and dis-
equilibrium. Given the issues, comparisons between different 
methodologies (see Pickles et al. 2016) suffer in response to 
errors in implementation. This article addresses two errors in 
the garnet-clinopyroxene trace-element thermometer published 
by Pickles et al. (2016). The theory and the strategy are well 
conceived, clever, and innovative. The two errors appear in the 
implementation in their Excel spreadsheet, as follows.

1—aN extra eLemeNt pair

The Pickles et al. (2016) thermometer is based on the parti-
tioning of eight trace elements (Y, Nd, Sm, Eu, Gd, Er, Yb, Lu) 
between garnet and clinopyroxene. The procedure produces an 
average of the calculated temperatures for each pair of elements 
in the set {Y, 7 REE}, with outliers excluded from the average. 
There are of course 28 combinations of 2 of 8 elements. The 
spreadsheet developed by Pickles et al. (2016) actually calcu-
lates the average temperature for 29 combinations, inadvertently 
counting one element-pair twice (Yb,Nd).

2—iNcorrect formuLatioN of compoNeNts of 
garNet

Pickles et al. (2016) use incorrect formulations for the mole 
fractions Xm of the garnet components, where m = Grs, Prp, Alm, 
Sps, Adr, Uv. The abbreviations are consistent with recommenda-
tions by Kretz (1983) and Whitney and Evans (2011):

Grs = Ca3Al2Si3O12 (grossular)
Prp = Mg3Al2Si3O12 (pyrope)
Alm = Fe3Al2Si3O12 (almandine)
Sps = Mn3Al2Si3O12 (spessartine)
Adr = Ca3Fe3+

2  Si3O12 (andradite)
Uv = Ca3Cr2Si3O12 (uvarovite).

The Pickles et al. (2016) formulations are as follows:

XGrs = (1 – XAdr – XUv) Ca/(Mg + Fe2+ + Mn + Ca)
XPrp = (1 – XAdr – XUv) Mg/(Mg + Fe2+ + Mn + Ca)
XAlm = (1 – XAdr – XUv) Fe2+/(Mg + Fe2+ + Mn + Ca)
XSps = (1 – XAdr – XUv) Mn/(Mg + Fe2+ + Mn + Ca)
XAdr = Fe3+/(Fe3+ + Cr + Al)
XUv = Cr/(Fe3+ + Cr + Al).

These formulations are only correct when XAdr = XUv = 0. 
Otherwise, except in special instances, XGrs is overvalued and XPrp, 
XAlm, and XSps are undervalued. This can be shown by algebraic 
proof, but it is much easier to demonstrate by simple tests (pfu 
= per formula unit):

Capfu = 3XGrs + 3XAdr + 3XUv

Mgpfu = 3XPrp

Fe2+
pfu = 3XAlm

Mnpfu = 3XSps

Fe3+
pfu = 2XAdr

Crpfu = 2XUv.

None of the examples in Pickles et al. (2016) satisfies 
these tests. Of course the question arises, just what is a correct 
formulation for the garnet components? A simple approach 
is to transform atoms pfu to amounts of components. First, 
define in matrix form (A) each garnet component in terms 
of a unique set of elements. The following matrix will work 
for typical garnet: 
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“New” components Matrix   “Old” components
x’ A   x
Grs 3 0 0 0 0 0 Ca
Prp 0 3 0 0 0 0 Mg
Alm 0 0 3 0 0 0 Fe2+

Sps 0 0 0 3 0 0 Mn
Adr 3 0 0 0 2 0 Fe3+

Uv 3 0 0 0 0 2 Cr


