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Ammonium vermiculite in schists from the Betic Cordillera (Spain)
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AbstRACt

NH4-bearing phases from pre-Permian schists of the Internal Zones of the Betic Cordillera (Spain) 
have been characterized by X-ray diffraction, differential thermal analysis and thermogravimetry, infra-
red spectroscopy, and transmission-analytical electron microscopy. The content and distribution of NH4 
in these phases have been estimated by combining elemental analysis of N with mineral quantification 
based on X-ray diffraction, whole-rock composition, and electron microprobe data. The obtained results 
indicate that the NH4 content in vermiculite ranges between ~0.5 and ~1.0 (wt%), leading to terms 
with NH4 > K in the interlayer. The NH4 content is <0.30 (wt%) in biotite from underlying schists. 
Muscovite shows very low NH4 contents (0.04 wt%) through the complete sequence. We interpret 
that, initially contained in low-grade dioctahedral mica, NH4 was incorporated in the structure of the 
trioctahedral phases formed at increasing metamorphic conditions. The entry of NH4 in the interlayer 
was favored in chlorite:vermiculite mixed-layered structures and transitional phases with vacancies 
in the A site (vermiculite) and weak cohesion between layers. NH4 appears to favor the formation of 
intermediate phases instead the direct transformation of chlorite to biotite.
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intRoDuCtion

The terms “high-temperature vermiculite” or “metamorphic 
vermiculite” were proposed by Velde (1978) for a yellow-to-
brown phyllosilicate present in metamorphic sequences just 
below the biotite zone. Metamorphic vermiculite is characterized 
by high birefringence, chemical composition similar to chlorite 
but containing K and Ca, and thermal behavior similar to ver-
miculite. Later studies of phases interpreted as metamorphic 
vermiculite revealed, however, that they might include either 
muscovite-chlorite intergrowths (Franceschelli et al. 1986; Mel-
lini et al. 1991) or mixed-layered structures (Maresch et al. 1985; 
Ruiz Cruz 1999, 2001) in addition to discrete vermiculite (Ruiz 
Cruz 1999). These phases have been interpreted in some cases 
as formed from chlorite during prograde metamorphism (e.g., 
Kerrick and Cotton 1971; Velde 1978; Maresch et al. 1985; Ruiz 
Cruz 1999, 2001), although there is also evidence of the forma-
tion of similar phases during weathering or retrograde processes 
affecting both chlorite and biotite (Johnson 1964; Brown 1967; 
Proust 1982; Proust et al. 1986).

Formation of vermiculite from chlorite during prograde 
metamorphism is well documented in pre-Permian units from 
the Maláguide complex (Internal Zones of the Betic Cordillera, 
Spain). This metamorphic sequence contains a series of phases 
chemically and structurally “intermediate” between chlorite and 
biotite. According to interpretations of X-ray data and transmis-
sion electron microscopy studies, these phases, named as a whole 
vermiculite, include muscovite:chlorite and chlorite:vermiculite 
mixed-layer minerals as well as intermediate steps in the 
chlorite-to-biotite transformation (Ruiz Cruz and Nieto 2006). 
This sequence appears to demonstrate a continuous transitional 
phase transformation in the rocks studied herein.

Due to the discovery of the presence of ammonium-rich di- 

and trioctahedral micas (tobelite and suhailite, respectively) in the 
lowest strata (Paleozoic or older) of the Internal Zone complexes 
(Ruiz Cruz and Sanz de Galdeano 2008, 2009a, 2009b), we 
have performed a systematic analysis of the pre-Permian units 
to investigate for the possible presence of NH4 in phyllosilicates 
in these metamorphic units.

NH4 is not detected by the routine analytical methods applied 
in metamorphic petrology and is therefore generally overlooked 
in such studies. Other methods need to be included in the analyses 
to estimate NH4 in phyllosilicates, such as elemental analysis 
of nitrogen (Schroeder and Ingall 1994), infrared spectroscopy 
(Busigby et al. 2003), and data derived from the basal spacing 
of the mica minerals (Drits et al. 1997, 2005). This study focuses 
on the characterization of NH4-bearing vermiculite, present in 
units intermediate between the Maláguide and the Alpujárride 
complexes, with the aim of interpreting its relations with chlorite 
from overlying schists and with biotite present in the underly-
ing schists, the crystal-chemical factors that control the entry of 
NH4 in the interlayer, and its possible geochemical significance 
in influencing mineral transformation reactions during prograde 
metamorphism.

GeoloGiCAl settinG

The Betic cordillera (SE Spain) makes up part of the peri-
Mediterranean Alpine orogenic system (Fig. 1). This cordillera 
has been traditionally divided into an External Zone, consisting 
of Triassic to Middle Miocene sedimentary rocks, and an Internal 
Zone, composed mainly of Paleozoic and Triassic metamorphic 
rocks.

The Internal Zone is generally subdivided into three nappe 
complexes named, from top to bottom: the Maláguide, the 
Alpujárride, and the Nevado-Filábride. Generally, Maláguide 
and Alpujárride Permo-Triassic units are easily distinguished on 
the basis of their different lithologies and metamorphic grade. * E-mail: mdruiz@uma.es


