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Needle twins and right-angled twins in minerals: Comparison between
experiment and theory
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ABSTRACT

Transformation twinning in minerals forms isolated twin walls, intersecting twin walls
with corner junctions, and wedge-shaped twins as elements of hierarchical patterns. When
cut perpendicular to the twin walls, the twins have characteristic shapes, right-angled and
needle-shaped wall traces, which can be observed by transmission electron microscopy or
by optical microscopy. Theoretical geometries of wall shapes recently derived for strain-
related systems should hold for most displacive and order-disorder type phase transitions:
(1) right-angled twins show curved junctions; (2) needle-shaped twins contain flat wall
segments near the needle tip if the elastic behavior of the mineral is dominated by its
anisotropy; (3) additional bending forces and pinning effects lead to curved walls near the
junction that make the needle tip appear more blunt. Experimental studies confirmed that
these features occur in a wide range of materials. Bent right-angled twins were analyzed
in Gd2(MoO4)3. Linear needle tips were found in WO3, [N(CH3)4]2·ZnBr4 CrAl, BiVO4,
GdBa2Cu3O7, and PbZrO3. Parabolic tips occur in K2Ba(NO2)4, and GeTe whereas expo-
nential curvatures appear in BaTiO3, KSCN, Pb3(PO4)2, CaTiO3, alkali feldspars,
YBa2Cu3O7, and MnAl. The size and shape of the twin microstructure relates to its for-
mation during the phase transition and the subsequent annealing history. The mobility of
the twin walls after formation depends not only on the thermal activation but also on the
structure of the wall, which may be pinned to impurities on a favorable structural site.
Depinning energies are often large compared with thermal energies for diffusion. This
leads to kinetic time scales for twin coarsening that are comparable to geological time
scales. Therefore, transformation twins that exhibit needle domains not only indicate that
the mineral underwent a structural phase transition but also contain information about its
subsequent geological history.

INTRODUCTION

Atomic ordering in minerals can be slow enough that
thermodynamic equilibrium is not always achieved on a
geological time scale. A typical example is Al and Si
ordering in feldspars. Such ordering occurs in anorthite
on a laboratory time scale at temperatures above 1100 K,
in geological samples at temperatures above 700 K and
virtually never at lower temperatures (Smith 1974a; Salje
et al. 1993; Wruck et al. 1991; Salje et al. 1985). Exper-
imental observation of incomplete order in minerals and
the theoretical analysis of its time dependence can be
forged into a powerful tool for the unraveling of geolog-
ical processes.

In contrast to atomic ordering processes, purely displa-
cive phase transitions are seemingly less useful for the
analysis of kinetic processes. The conjecture could be that
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displacive processes are not thermally activated and occur
on a (fast) phonon time scale and, thus, do not lead to
non-equilibrium features that could survive the thermal
history of geological processes. This conjecture is wrong,
however, as can be seen by the following example.

A ferroelastic phase transition will, in most cases, pro-
duce twinning in the low-symmetry phase whereas no
such twinning exists in the high-symmetry phase (Burger
1945; Xu and Heaney 1997; Xu et al. 1997). The nature
of the phase transition (e.g., atomic ordering or displacive
transitions) is irrelevant for the generation of twinning. A
twin wall represents an excited state of the mineral, i.e.,
the twin wall increases the total energy of a crystal (Salje
1993b; Houchmanzadeh et al. 1991; Tsatskis and Salje
1996). There is no mechanism in a stress-free crystal by
which the crystal could get rid of the twin wall. The only
geometrical solution is the lateral movement of the wall
until it disappears through the surface. This lateral move-


