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High-temperature in situ structural investigation on lead feldspar

PIERA BENNA,1,2,* MARIO TRIBAUDINO,1 AND EMILIANO BRUNO1,2

1Dipartimento di Scienze Mineralogiche e Petrologiche, Via Valperga Caluso 35, I-10125 Torino, Italy
2Centro di Studi sulla Geodinamica delle Catene Collisionali (C.N.R.), Via Accademia delle Scienze 5, I-10123 Torino, Italy

ABSTRACT

Single-crystal X-ray diffraction was performed in situ at T 5 20, 230, 465, and 700 8C
on a partially ordered lead feldspar (PbAl2Si2O8, I2/c, a 5 8.402, b 5 13.043, c 5 14.308
Å, b 5 115.308, V 5 1417.6 Å3; Qod 5 0.71). The unit-cell expansion (1.26 3 1025 8C21)
is close to that observed for other feldspars, sanidine in particular, and occurs predomi-
nantly along a*. The electron-density at the Pb site evolves with temperature toward a
bean-like configuration close to that observed in disordered lead feldspar. The average Pb
position approaches the c-glide plane with increasing temperature. Consequently the in-
tensity of the b-type reflections reduces dramatically without evidence of an increase of
Al-Si disorder. The evolution of atomic displacement parameters of the Pb atom with
temperature supports the view that at room temperature Pb shows considerable positional
disorder. Dark-field in situ TEM observations show that b antiphase domains (APD) persist
unchanged in shape and size up to T 5 690 8C. No diffuse component appears in b-type
reflections in SAD patterns up to 935 8C, showing that the above changes in the Pb
configuration do not affect the APD. The results suggest that, at T . 700 8C, Pb reaches
the glide plane assuming a configuration that may favor the Al-Si disorder.

INTRODUCTION

Data on thermal expansion and on phase transitions
with temperature are available on many natural and syn-
thetic feldspars (reviewed by Ribbe 1994), although full
structural determinations from in situ single-crystal data
collection are less common. High temperature (HT) struc-
tural investigations were done on high and low albite to
determine the presence of positional disorder of sodium
(Prewitt et al. 1976; Winter et al. 1977) and in anorthite
to clarify the average configurations of the framework
and the calcium after the P1-I1 phase transition (Czank
1973; Foit and Peacor 1973; Ghose et al. 1993). HT in-
vestigations on sanidine were also performed by Ohashi
and Finger (1974, 1975) and most recently by Kimata et
al. (1996). No data are presently available on the HT
structures of feldspars other than the calcium, sodium,
and potassium end-members. In particular the thermal be-
havior of I2/c configurations in feldspars with an Al:Si
ratio of 1:1 is unknown.

Recent investigations revealed that Al-Si ordering be-
havior is significantly different in lead feldspar
(PbAl2Si2O8) than in anorthite (CaAl2Si2Si2O8). Anorthite
retains an ordered Al-Si configuration up to a temperature
close to the melting point tm 5 1555 8C) and only limited
changes in Al-Si ordering can be achieved by extreme
heating (Benna et al. 1985; Carpenter 1992). A Tc of
about 2100 8C was estimated for the I1-C1 phase tran-
sition induced by Al-Si disordering in anorthite. Conse-
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quently, the full Al-Si disorder can be obtained only at
temperatures that are beyond melting and therefore the
I1-C1 transition cannot be achieved experimentally.

Lead feldspar was synthesized both in ordered (I2/c)
and in disordered (C2/m) configurations (Benna et al.
1996). The transition from the ordered to the disordered
configuration can be experimentally bracketed at Tc ø
1180 8C, and the evolution of the order parameter Qod

with thermal treatment could be retrieved (Tribaudino et
al. 1998). The observed transition temperature is lower
than in anorthite and in strontium feldspar (Benna et al.
1995); the obvious suggestion is that the difference relies
in the behavior of the non-tetrahedral cation. As a con-
sequence, in lead feldspar a completely disordered Al-Si
configuration (Qod ø 0) was achieved at temperatures sig-
nificantly below melting. A similar occurrence was estab-
lished by Malcherek et al. (1995) in BaAl2Ge2O8 feldspar,
showing as well a similar evolution in the equilibrium Qod

vs. T plot, although at higher temperatures (Tc 5 1417
8C). Room-temperature data indicate that thermal treat-
ment of lead feldspar induces, together with the changes
in Al-Si order, a significant evolution in the electron-den-
sity distribution and a remarkable shift of the average
position of the Pb site. With increasing Al-Si disorder the
electron density map near the Pb site becomes blurred
and the average Pb position moves toward the c plane.
Significant changes in Al-Si order could be obtained in
air only after heating at T . 850 8C. However the Pb
position and the electron-density distribution are also ex-
pected to vary at lower temperatures as the movement of


