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Abstract
Scandian actinolite evolving to scandio-winchite (up to 5.45 wt% Sc2O3) has been found in chlorite-

dominant xenoliths incorporated into marginal portion of a granitic pegmatite. The pegmatite intruded 
a blackwall schist zone developed around rodingite-type rocks exposed in a serpentinite quarry at 
Jordanów Śląski near Sobótka, ~30 km south of Wrocław, Lower Silesia, Poland. The amphiboles form 
irregular overgrowths around cascandite and represent a complex solid-solution series among actinolite 
and scandio-winchite end-members, with a trace contribution of “scandio-magnesio-hornblende.” Struc-
tural studies of a scandian actinolite crystal with composition A[0.995(2)K0.005(2)]Σ1

B[Na0.24(5)Ca1.73(4)]Σ1.98(1) 
C[Mg3.74(7)Fe2+

0.90(3)Mn0.04(1)Sc0.26(3)Al0.05(1)]Σ4.99(1)
T[Si7.98(2)Al0.02(2)]Σ8.00O22(OH)2 revealed monoclinic C2/m 

structure with unit-cell parameters a = 9.8517(3), b = 18.0881(6), c = 5.28501(18) Å, β = 104.809(4)°, 
in which scandium is located solely at the CM2 site. Scandian amphiboles are uncommon in geologi-
cal environments, and invite comments on the origin of the observed Sc enrichment in the amphibole 
structure. Textural appearance of the chlorite-cascandite-amphibole clusters suggests that the forma-
tion of the amphiboles is related to the evolution of the country rocks followed by partial alteration of 
blackwall schist xenoliths by pegmatite-forming melt.
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Introduction
Amphiboles, together with clinopyroxenes, are considered 

main mineral concentrators of scandium in magmatic deposits 
responsible for global Sc resources. The concentration of Sc in 
these minerals only exceptionally reaches 500 ppm (e.g., Tilling 
et al. 1969; Foord et al. 1993; Shimazaki et al. 2008; Wang et al. 
2021). As a major constituent, scandium has been recognized 
in compositionally unusual edenite and actinolite with up to 
1.7 and 2.9 wt% Sc2O3, respectively, from granitic pegmatites 
and their metagabbro host from the Crystal Mountain fluorite 
deposit, Ravalli County, Montana, U.S.A. (Foord et al. 1993). 
On the other hand, scandian analogs of fluor-eckermannite, fluor-
nyböite, pargasite and fluor-pargasite, have been synthesized 
(Raudsepp et al. 1987a, 1987b, 1991; Oberti et al. 1999). Thus, it 
seems that the incorporation of significant amount of Sc into the 
amphibole structure is possible in certain geologic environments.

Amphiboles have the general formula AB2C5T8O22W2 (Haw-
thorne et al. 2012), where:

A = , Na, K, Ca, Pb, and Li;
B = Na, Ca, Mn2+, Fe2+, Mg, and Li;
C = Mg, Fe2+, Mn2+, Zn, Co, Ni, Al, Fe3+, Mn3+, Cr3+, V3+,         

 Ti4+, Zr, and Li;
T = Si, Al, Ti4+, and Be;
W = (OH), F, Cl, and O.

Scandium is considered a C-group cation that is ordered 
mainly at the M2 site. However, its site preferences have been 
studied only in synthetic crystals (Raudsepp et al. 1987a, 1987b, 
1991; Oberti et al. 1999), and crystal chemical data from natural 
Sc-rich amphiboles is lacking.

In this paper, we describe a mineral assemblage with 
cascandite and Sc-enriched amphiboles, including unusually 
Sc-rich actinolite with up to 5.45 wt% Sc2O3, that was found 
in a wall-rock xenolith incorporated into a marginal portion of 
a granitic pegmatite at Jordanów Śląski near Sobótka, ~30 km 
south of Wrocław, Lower Silesia, Poland. Chemical composi-
tion of cascandite and scandian actinolite has been studied in 
details using electron microprobe, and the crystal structure of 
the scandian actinolite has been analyzed by means of single-
crystal X-ray diffraction. Based on the obtained results, the site 
occupancy of Sc in the amphibole structure is carefully evaluated, 
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