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ABSTRACT

The effects of heat treatment on stilpnomelane from granite pegmatites at Zółkiewka (Lower Silesia, 
Poland) were studied using 57Fe Mössbauer spectroscopy. Samples of naturally altered stilpnomelane 

and chlorite were also studied. The Mössbauer spectrum of an untreated sample was fitted to two Fe2+ 

doublets and two Fe3+ doublets. The Fe2+ doublets had similar isomer shifts (1.13 and 1.16 mm/s for 
the octahedral M1 and M2 sites), different quadrupole splitting values (QS = 2.28 and 2.66 mm/s, 
respectively), and an M1:M2 area ratio of nearly 1:3. For ferric iron, the first doublet was assigned 

to the combined M1 + M2 + M4 octahedral positions and had IS = 0.41 and QS = 1.18 mm/s. The 
second doublet was assigned to the M3 site, with parameters IS = 0.36 and QS = 2.07 mm/s. This is 
characteristic for stilpnomelane. The oxidation of Fe2+ is fast at low temperatures, with a maximum at 

360 °C. Near 1050 °C, the stilpnomelane structure broke down completely, and the spectrum consisted 
of two sextets and two ferric iron doublets. The predominant phase in this new material is hematite, as 

represented by the two sextets. The abnormally high fractional Fe2+ content in the altered stilpnomelane 

(0.70) as compared to the untreated sample (0.45) indicates that the sample was subjected to local 
hydrothermal processes. Nearly identical divalent iron contents and hyperfine parameters for the Fe2+ 

and Fe3+ doublets (except Fe3+ in M3) in the altered stilpnomelane and associated chlorite strongly 

suggest that chlorite is transformed into stilpnomelane.
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INTRODUCTION

Stilpnomelane belongs to the group of modulated 2:1 layer 

silicates and is generally recognized as a group of minerals, with 

Fe ranging from primarily Fe2+ (ferrostilpnomelane) to primarily 
Fe3+ (ferristilpnomelane) (Guggenheim and Eggleton 1987). It 
is regarded as a metamorphic mineral and is particularly wide-

spread in greenschist facies rocks (Winkler 1967; Chauvel 1973). 
Stilpnomelane frequently accompanies iron ore deposits. It is 

uncommon in igneous rocks and is usually the product of second-

ary alteration. The formula for stilpnomelane averaged from 37 

literature analyses and based on the structure (Eggleton 1972) is 
(Ca,Na,K)4(Ti0.1Al2.3Fe35.5Mn0.8Mg9.3)(Si63Al9)(O,OH)216·nH2O. A 

simplified formula has been suggested (Eggleton and Chappell 
1978) based on one eighth of the above structural formula. In this 

sense, ferrostilpnomelane can be represented as K0.6Fe6(Si8Al)

(O,OH)27·2H2O. The unit cell is triclinic; a = b  21.8 Å,  = 
120°, d001

 ~ 12.2 Å. The structure of stilpnomelane as deduced 

from X-ray studies by Eggleton (1972) is complex. Coordination 
between octahedral and tetrahedral sheets is maintained over a 

distance of 7 linked tetrahedra, producing an “island” group of 
24 tetrahedra linked together in a hexagonal array and coordinat-
ing to the octahedral sheet. The 24 tetrahedral groups are linked 
together by 6-membered rings of tetrahedra, with their apices 
pointing in the opposite direction from those of the islands. These 

rings have a more trigonal configuration, and their apices are 

also the apices of similar but inverted 6 member rings linking 
the islands coordinating to the next octahedral sheet (Eggleton 
1972; Crawford et al. 1977). 

Detailed studies of stilpnomelane from Zółkiewka near Strze-

gom (Poland) by X-ray diffraction, IR, and DTA (Sachanbiński 
and Janeczek 1977) have provided new data about this mineral. 
It is thought to be the first recorded occurrence of stilpnomel-

ane in a granite pegmatite and was found in association with 

chlorite, tourmaline, microcline, cleavelandite, and zeolites. 

Its characteristic feature is an intense luster and glitter due to 

small crystal size; individual crystals are not more than 1 mm 
long and 1 mm thick. Chemical analysis was done by electron 
microprobe, and the composition was given as SiO2 49.2%, 

Al2O3 7.5%, FeO 29.6%, MnO 2.7%, MgO 2.5%, CaO 0.7%, 
Na2O 0.5%, K2O 2.1%. In this analysis, total Fe was determined 

as FeO. Additionally, the chemical analysis has revealed the 

presence of several trace elements (B, Be, Sn, and Li) typical of 
pneumatolitic and hydrothermal processes. In the same paper, 

the DTA curve shows an indistinct endothermic maximum at 80 

°C, which corresponds to the loss of interlayer water from the 
sample. A marked, wide exothermic peak with a maximum at 
360 °C is due to the oxidation of Fe2+ to Fe3+. The next, narrow 

exothermic peak has a maximum at 810 °C and was interpreted 
as representing the breakdown of the stilpnomelane structure. 
The X-ray diffractogram of the stilpnomelane sample that was 

heated at 600 °C shows a shift in the 001 reflection from 12.08 * E-mail: malczews@us.edu.pl 


