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aBstract

Laser-flash analyses (LFA) of oriented sections of six natural plagioclase crystals provide thermal 
diffusivity (D) as function of temperature (to ~1300–1500 K) and composition (An5–95). Plagioclase 
has low-thermal diffusivity; our measurements indicate that plagioclase is more insulating than other 
major igneous rock-forming minerals. Over much of the solid solution, room-temperature D ranges 
from 0.751 to 0.979 mm2/s along c, 0.722 to 0.919 mm2/s along b, and 0.632 to 0.868 mm2/s perpen-
dicular to b and c. The directionally averaged D is 30–45% lower than D of Amelia albite. Thermal 
conductivities calculated using measured D values are almost the same for all samples with 18 ≤ An 
≤ 65, ranging from 1.5 to 1.9 W/m/K and changing little with temperature. Increasing Al-Si disorder 
causes D to decrease with increased An content, although sample structure causes more ordered samples 
to have higher D than more disordered samples. Anorthite is a special case. Although ordered, the 
larger unit cell provides many lattice modes, leading to low diffusivity. Structure dictates whether 
D along the b-axis is greater or less than that along the c-axis, possibly because ordering in An-like 
domains increases D more along c relative to b. Inflections in 1/D(T) are connected with lattice dis-
tortion during heating, and occur near temperatures expected for phase transitions; for example, the 
lattice stretch occurring at the temperature of the transition to C1 structure lowers diffusivity. Likewise, 
lattice distortion during heating decreases D in albite along c but has little impact on D in the other 
directions. The anharmonic lattice effects that dictate both thermal expansivity and D are masked by 
effects of disorder; the latter plays a major role in heat transport in plagioclase.
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introduction

The solution to many geologic problems requires understand-
ing the thermal nature of Earth’s crust and mantle, and thus 
knowledge of relevant mineral heat transfer properties [thermal 
conductivity (k) and thermal diffusivity (D)]. Therefore, we have 
been building a database of mineral thermal diffusivities mea-
sured with laser-flash analysis (LFA). To date, several glass and 
mineral systems have been probed, including quartz, perovskite, 
olivine, clinopyroxene, orthopyroxene, garnet, and spinel 
(Branlund and Hofmeister 2007; Hofmeister 2010; Pertermann 
and Hofmeister 2006; Hofmeister and Pertermann 2008; Hof-
meister 2012, 2006, 2007). Data on low albite and low sanidine 
have been published (Pertermann et al. 2008; Hofmeister et al. 
2009), but none on plagioclase. Given that feldspar is the most 
common rock-forming mineral, and plagioclase is prevalent in 
intermediate and mafic igneous rocks, it is especially important 
to characterize its heat transfer properties.

Plagioclase group minerals are structurally complex (Fig. 
1). At high temperature, a true solid solution exists between the 
sodic and calcic end-members of the plagioclase series, albite 
(NaAlSi3O8) and anorthite (CaAl2Si2O8). Low albite is ordered 
such that Al always resides on the T1O site, forming a C1 struc-
ture. With increased temperature, Al can diffuse to other sites 

and albite disorders, forming high albite (still C1). At a higher 
temperature, the framework shears leading to a partially ordered 
monoclinic structure (space group C2/m) (Parsons 2010). In pure 
anorthite, each Al is surrounded by four Si and vice versa; the 
alternating layers of Si and Al tetrahedra double the length of 
the c-axis in the I1 crystallographic unit cell (McConnell 2008). 
Like low albite, anorthite exhibits long-range order. Unlike albite, 
anorthite remains perfectly ordered (with the I1 structure) until 
melting. At low temperature (below about 500 K), the anorthite 
lattice distorts around Ca atoms, creating a P1 structure.

Charge imbalances caused by Na-Ca substitution in anorthite-
albite are counteracted by Al-Si exchange. Atomic ordering 
becomes complicated because Al-O-Al bonds are energetically 
expensive; intermediate plagioclase therefore consists of planar 
subdomains with slightly different structures, and these antiphase 
domains combine to form incommensurate superstructures. The 
two main intermediate structures are the more Ab-rich e2 and the 
more An-rich e1 plagioclase, so named because of e reflections 
that appear in single-crystal X-ray photographs. McConnell 
(2008) proposed that e2 plagioclase contains alternating domains 
of albite-like (C1) and an anorthite-like (I1) structures, whereas 
the e1 phase contains alternating incommensurate layers of 
ordered and partially ordered I1 structures. The widths of the 
domains are on the order of 20–50 nm, and orientations vary 
with An content and temperature (e.g., Carpenter 1991; Grove * E-mail: joy.branlund@swic.edu


