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ABstrACt

Anisotropy of magnetic susceptibility (AMS) is often used as a proxy for mineral fabric in deformed 
rocks. To do so quantitatively, it is necessary to quantify the intrinsic magnetic anisotropy of single 
crystals of rock-forming minerals. Amphiboles are common in mafic igneous and metamorphic rocks 
and often define rock texture due to their general prismatic crystal habits. Amphiboles may dominate the 
magnetic anisotropy in intermediate to felsic igneous rocks and in some metamorphic rock types, because 
they have a high Fe concentration and they can develop a strong crystallographic preferred orientation. 
In this study, the AMS is characterized in 28 single crystals and 1 crystal aggregate of compositionally 
diverse clino- and ortho-amphiboles. High-field methods were used to isolate the paramagnetic compo-
nent of the anisotropy, which is unaffected by ferromagnetic inclusions that often occur in amphibole 
crystals. Laue imaging, laser ablation-inductively coupled plasma-mass spectrometry, and Mössbauer 
spectroscopy were performed to relate the magnetic anisotropy to crystal structure and Fe concentration. 
The minimum susceptibility is parallel to the crystallographic a*-axis and the maximum susceptibility 
is generally parallel to the crystallographic b-axis in tremolite, actinolite, and hornblende. Gedrite has 
its minimum susceptibility along the a-axis, and maximum susceptibility aligned with c. In richterite, 
however, the intermediate susceptibility is parallel to the b-axis and the minimum and maximum sus-
ceptibility directions are distributed in the a-c plane. The degree of anisotropy, kʹ, increases generally 
with Fe concentration, following a linear trend: kʹ = 1.61 × 10-9 Fe – 1.17 × 10-9 m3/kg. Additionally, it 
may depend on the Fe2+/Fe3+ ratio. For most samples, the degree of anisotropy increases by a factor of 
approximately 8 upon cooling from room temperature to 77 K. Ferroactinolite, one pargasite crystal and 
riebeckite show a larger increase, which is related to the onset of local ferromagnetic (s.l.) interactions 
below about 100 K. This comprehensive data set increases our understanding of the magnetic structure 
of amphiboles, and it is central to interpreting magnetic fabrics of rocks whose AMS is controlled by 
amphibole minerals.
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introduCtion

Members of the amphibole group are common rock-forming 
minerals occurring in a wide range of igneous and metamorphic 
rocks. Amphiboles crystallize generally in idiomorphic, prismatic 
to needle-like habits; hence they often display preferential ori-
entation in a deformed rock. This, combined with their intrinsic 
magnetic anisotropy, often makes amphiboles, together with 
phyllosilicates, the main carriers of magnetic anisotropy in igne-
ous and metamorphic rocks. Amphiboles can be responsible for 
the magnetic fabric of a rock in two ways. First, the amphibole 
minerals themselves can dominate the paramagnetic anisotropy 
(e.g., Borradaile et al. 1993; Schulmann and Ježek 2011; Zak et al. 
2008). Second, the shape of magnetite inclusions can be controlled 
by the crystallographic preferred orientation (CPO) of amphiboles, 
which in turn is responsible for the magnetic anisotropy (Archanjo 
et al. 1994).

Because amphiboles possessing a CPO can be an important 
carrier of the magnetic anisotropy in a rock, it is essential to quan-
tify their intrinsic anisotropy of magnetic susceptibility (AMS). 
Until now, only a few studies have been conducted on the AMS 
of amphibole single crystals, returning inconsistent results. Finke 
(1909) measured one hornblende crystal and found the maximum 
susceptibility at an angle of –21°55′ to the crystallographic c-axis. 
Wagner et al. (1981) measured the magnetic anisotropy in six 
crystals from the hornblende group. In addition, they cited an 
unpublished study by Parry (1971), who examined high-field 
AMS in 18 hornblende crystals. Both studies concluded that the 
maximum principal susceptibility is sub-parallel to the crystallo-
graphic c-axis. However, in Wagner’s hornblende, the minimum 
susceptibility aligns with the crystallographic a-axis, whereas it 
is parallel to b in Parry’s study. This difference was attributed to 
the presence of ferromagnetic inclusions that influenced Wagner’s 
low-field measurements (Wagner et al. 1981). Borradaile et al. 
(1987) measured five aggregates of amphibole crystals, including 
two actinolites and one sample each of hornblende, crocidolite 
(fibrous riebeckite), and glaucophane. Due to imperfect alignment 
of the individual grains within the aggregates, this study gives an 

American Mineralogist, Volume 100, pages 1940–1951, 2015

0003-004X/15/0809–1940$05.00/DOI: http://dx.doi.org/10.2138/am-2015-5173      1940 

* E-mail: ann.hirt@erdw.ethz.ch
† Present address: Department of Geology and Mineral Re-
sources Engineering, Norwegian University of Science and 
Technology, Sem Sælands vei 1, 7491 Trondheim, Norway.

mailto:ann.hirt@erdw.ethz.ch

