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The mineral prehnite (nominally Ca2AI2Si3010(0OH)2) is a hydrous aluminosilicate

common in low grade metamorphic rocks, and knowledge of its thermodynamic

properties and structure is important to calculations of pressure/temperature

relationships in oceanic subduction complexes. Its structure is unique, with Si and

50% of Al cations in tetrahedral sites with either 4 or 2 neighboring tetrahedra,

and OH groups associated with AlIO6 octahedra. Previous studies, and

'‘conventional wisdom', suggest that SiO4 and AlO4 tetrahedra should alternate

with strict ordering, but some details of the structure, notably the interaction of

H+ with tetrahedral groups and the chance of residual disorder, remain unresolved,



resulting in incomplete understanding of any resulting configurational entropy

(Rose and Bird 1987; Stebbins 1992; Sugiyama et al. 2021).

The two-dimensional (2D) and double-resonance NMR (Nuclear Magnetic

Resonance) methods for observation of local structural environments of H, Al,

and Si, which have been pioneered for aluminosilicate minerals by Dr. Xue of

IPM, present a unique and powerful approach to learning about short-range

structural details of prehnite, in particular for quantifying interactions of H+ with

Al3+ and Si4+ cations and structural order-disorder (Xue et al. 2006; Xue and

Kanzaki 2009; Stebbins and Xue 2014; Xue and Kanzaki 2024) . These results

should be useful in resolving issues concerning configurational entropy, which in

the past have lead to discrepancies between calculated high

pressure/temperature phase equilibria.

During this fiscal year, Xue performed careful 1D 1H MAS NMR, 29Si MAS NMR

and 1H-29Si CPMAS NMR measurements with and without proton decoupling,

and 2D 1H-29Si HETCOR measurements on four prehnite samples supplied by

Prof. Stebbins (two natural samples and two synthetic samples, which were also



studied by Stebbins 1992), as well as first-principles calculations of prehnite

with different space groups and with and without Si-Al disorder. It was found

that the 1H-29Si CPMAS NMR spectra with proton decoupling yield much better

resolution than single-pulse 29Si MAS NMR spectra as were done in an earlier

study (Stebbins 1992). These data clearly revealed the presence of Si in both Q2

sites with 2Si0Al next-nearest neighbors (NNN) and Q2 sites with 0Si2Al NNN, in

addition to Q2 sites with 1Si1AI NNN, as are expected for a fully ordered

structure, for all samples. For the two synthetic samples, significantly greater

proportions of Q2 sites with 2Si0Al and 0Si2Al NNN were detected, and peaks of

Siin Q4 sites with 3Si1AlI NNN, in addition to Q4 sites with 2Si2Al NNN as are

expected for strict alternating Si/Al distribution within the Q4 chains, were also

observed, suggesting the presence of Al-O-Al and Si-O-Si linkages in the Q4

chains (i.e., the breakage of the Al avoidance principle). The occurrence of the

additional Q2 sites, but not additional Q4 sites, beyond those expected for an

ordered structure of prehnite, for the two natural samples could be a result of

constrained Si-Al disorder in Q4 sites (under the constraint of alternating Si/Al

within a given chain), chain disorders (due to displacement of Q4 chains while

maintaining alternating Si/Al within a given chain), or Si/Al disorder associated



with domain boundaries. The greater abundances of extra Q2 sites and

additional Q4 sites associated with Si-Al short-range disorder within the Q4

chains indicate greater structural disorder and thus higher configurational

entropies for the synthetic prehnite samples than natural samples, likely due to

failure to attain equilibrium in the synthesis experiments. These results may

explain the previously reported discrepancies in the phase boundaries

determined experimentally and those calculated thermodynamically (Rose and

Bird 1987). The observed 1H and 29Si NMR chemical shifts were well reproduced

by first-principles calculations.
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