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ABSTRAal' 

The mineralogy of the alkali amphiboles is reviewed., Various 

suggestions are put forward to rationalise the nomenclature of these 

minerals. 

Several alkali amphibole .compositions have been s uccessf'ully 

synthesized for the first time using hydrothermal synthesis techniques. 

The compositions of these minerals correspond to richterite-t<, 

eckermannite-K and sundiusite-K. In addition five amphiboles of 

intermediate composition have been synthesized. Two of these minerals 

have compositions between richterite and tremolite indicating only 

partial 'A' site occupation. 

Attempts to synthesize amphiboles of miyashiroite-K composition 

have failed to yield amphibole and the condensed product is a 

phyllosilicate. 

A survey of all the available alkali amphibole analyses has revealed 

only two possible miscibility gaps in the alkali amphiboles, one in the 

area of the miyashiroite composition and the other in the ferroeckermannite 

field. Many of the analyses in the literature are of a suspect quality 

and various suggestions have been made to decide on the quality of an 

analysis. 

A method of representing alkali amphiboles of intermediate composition 

has been found by using the substitutions in the Y sites which are balanced 

by substitutions in the Z and X sites. This method has revealed that there 

is complete solid solution between riebeckite and arfvedsonite, 

magnesioarfvedsonite and magnesioriebeckite, and richterite and 

eckermannite. A suggested nomenclature fbr these compositions has also 

been proposed. 



Alkali amphiboles from the celebrated nepheline syenite of 
; 

Ilimaussaq, S.W. Greenland have been analysed and these analyses reveal 

a compositional trend from close to katophorite to arfvedsonite. 

Electron microprobe analyses of alkali amphiboles from the saturated 

rocks of Tugtuttq, S.W. Greenland show a trend in compositions from 

ferrorichterite to riebeckite-arfvedsonite. 
; 

Arfvedsonites from the late-stage lujavrites of Ilimaussaq contain 

high concentrations of potassium. This element has been shown to be 

exchanged between amphibole and nepheline in these rocks. 

Electron microprobe studies have shown the chemical variations 

within continuously and discontinuously zoned alkali amphiboles and in 

addition a study of co-existing glaucophane and hornblende has demonstrated 

that glaucophane develops around the hornblende as the rock retrogresses 

from the eclogite facies to the glaucophane schist facies. 

X-ray diffraction studies of synthetic and natural alkali amphiboles 

demonstrate that the a 0 sin/ parameter is controlled by the occupants 

of the 'A' site and the octahedral sites. The b0 axis depends upon the 

M(4) and M(2) occupancy; and the;1 angle shows a strong positive 

correlation with the M(4) occupant and to a lesser extent the magnesium 

and potassium contents. The c 0 axes of alkali amphiboles are longest in 

iron-rich compositions. 

Infra-red spectroscopic studies indicate that it is possible to 

"fingerprint n the various alkali amphibole pUb-groups. The presence 

or Na+ in the 'A' sites of synthetic alkali amphiboles raises the 

stretching frequency of adjacent OH groups by about 60 cm-1• In natural 

amphiboles, however, the increase in frequency is only 20-40 cm-1, due 

probably to the effects of substitutions such as F- for OH- and the 

presence of trivalent cations in M(l) and M(3). 



ACKNOWLEDGEM!!,'NTS 

Professors G. M. Brown and K. C. Dunham are gratefully acknowledged 

for the use of facilities provided by the Department of Geological 

Sciences at the University of Durham. 

Mr. R. Phillips is sincerely thanked for his supervision and for 

reading the manuscript of this thesis. Dr. C. H. Emeleus and 

Dr. D. M. Hirst are also thanked for reading several chapters of the 

thesis. 

Professor G. M. Brown and Dr. C. H. Eneleus are also thanked for 

encouragement, advice, and help with several aspects of the 

research. 

Various members of academic staff are thanked for help with the 

techniques used in the Department of Geological Sciences; Dr .• J. G • 

. Holland (X-ray fluorescence), Dr. C. H. Erreleus (electron microprobe), 

R. Brown (Chemistry Department - infra-red spectroscopy). 

Professor MacKenzie (Manchester University) is gratefully acknowledged 

for permission to use the high pressure apparatus at Manchester 

University and Dr. D. L. Hamilton is sincerely thanked for training 

in High Pressure techniques. Dr. D. Williams (Leeds University) and 

Dr. S:. W. Richardson (Edinburgh) also ran some eJq?eriments at high 

temperatures. Dr. V. C. Farmer (Macauley Institute, Aberdeen) is 

thanked for some of the infra-red spectrograms. 

The technical staff are also thanked for their help during the 

course of this work especially Mr. R. Lambert (Geochemistry Laboratory) 

and Mrs. Margaret Watson. 

The following people are thanked for donating specimens:-

Dr. D. C. Almond (Kingston Polytechnic), T. W. Bloxam (University 



College, Swansea), Dr. J. R. Butler (Imperial College, London), Dr. J. J. 

de Cilliers, Dr. R. G. Coleman (U.S. Geological Survey), Dr. c. H. 

Emeleus, Professor W. G. Ernst (U.C.L.A.), Mr. P. G. Embrey (British 

Museum), Mr. P. B. Greenwood (I.G.S., London), Dr. A. A. Hodgson (Cape 

Asbestos Co. Ltd.), Dr. N. Holgate (University of Glasgow), Professor 

C. Klein (Harvard University), Dr. von Knorring (Leeds University), 

Dr. R. Macdonald (University of Lancaster), Dr. c. Milton (u.s. Geological 

Survey), Professor H_. Neumann (Oslo University), Dr. S. Roy (Jadavpur 

University, Calcutta), Professor H. Sprenson (University of Copenhagen), 

Dr. V. Timbrell (Medical Research Council, Penarth), Dr. B. G. J. Upton 

(University of Edinburgh), Dr. J. 1fadsworth _(Manchester University), 

Dr. A. J._ R. Yfuite (Australian National University). 

Mrs. G. C. Robinson is sincerely thanked for her efficient typing 

of the manuscript. 

Finally the Natural Environment Research Council is thanked for a 

research studentship. 



CHAPI'ER ONE 

lNTRODUGl'ION 

1-1. General remarks. 

The word "amphibole" comes from the Greek "amphiboles" meaning 

ambiguous and was first coined by Hauy in 1801. Tschermak in 1871 first 

described the relationship between the amphiboles and the pyroxene group 

of minerals. Both Penfield (1890) and Schaller (1916) recognized that 

water was a part of the structure of tremolite and the latter was the 

first to derive the correct formula for this mineral. 

The amphiboles have a very variable and this reflects a 

complex arrangement of cation sites of differing size and shape •. These 

minerals can readily accommodate cations of ionic radii between about 
0 

0.40 and l.40A. All major elements of the earth 1 s crust and mantle fall 

into this range but the cations enter the amphibole structure in an 

orderly manner. 

Amphiboles are common rock.forming minerals and this group together 

with the pyroxenes form 17,% by volume of the total of the minerals in 

the earth 1 s crust. The amphiboles are ubiquitous and occur in igneous, 

·metamorphic, metasomatic, and authigenic deposits and have recently been 

described from a meteoritic body, and from the Apollo XI rocks. 

1-2. Aims oft he present research. 

The first aim was to attempt the synthesis of several alkali 

amphibole compositions which had previously not been investigated, and 

to determine the physical parameters of these phases. During the course 

of the research both hydroxy- and fluor-alkali amphiboles were synthesized. 

These synthetic phases, together with previously published results, 

were used to determine the variations of the cell dimensions with 
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In addition many analysed alkali amphiboles from various 

parageneses were used to correlate cell parameters with 

The of the alkali amphiboles is known and all 

the analyses from the literature together with those of the author were 

plotted to locate any miscibility gaps in the alkali amphiboles. The 

various· substitutions postulated by different authors were also,tested. 

The and physical parameters of alkali amphiboles from the 
;' 

celebrated Ilimaussaq intrusion, S.W. Greenland vrere determined, together 

with amphiboles from other plutonic bodies in the area. 

The electron has been used to elucidate the relationships 

between co-existing and zoned amphiboles and infra-red spectroscopy 

has revealed the effect of alkali ions in the 'A' site of the amphiboles 

upon the hydroxyl stretching frequency. 

Work on the amphibole group of minerals has greatly increased over 

the last decade but many gaps still exist in our knowledge of'these 

minerals. Attempts have been made during this research to fill a few of 

these gaps relating to the alkali amphiboles. Physical and chemical 

data on the amphiboles has expanded so rapidly that it is to 

give a comprehensive review of the state of knowledge of these minerals 

at the time of writing. 

1-3. Structure of the ·amphiboles. 

Penfield and Stanley (1908) from careful and detailed chemical 

analysis of certain amphiboles came to the conclusion that the amphibole 

group had a basic ring structure and they argued that it would be reasonable 

to speak of this structure in the same way as the benzene ring in organic 

chemistry. They thought of the structure as an amphibole acid and 

suggested a possible formula:-



------- b 

t 

Fig. Schematic diauram of the structure of the 

J -1 amphiboles I (after Ernst I 1968 ) . 
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They were uncertain of the number of silicon atoms and hydroxyl ions 

in the structure. 

Despite the work of Schaller (1916) the for.mula for tremolite was 

taken as and Winchell (1924) argued that the pyroxenes and 

amphiboles were so similar in their physical properties that you would 

expect the same "molecules" to occur in both groups. 

Warren (1929) and Warren and Modell (1930) derived the structure of 

tremolite, the other monoclinic amphiboles and anthophyllite (an 

orthorhombic amphibole) from X-ray structure analysis. This structure was 

derived from that of diopside which Warren and Bragg (1928) had evaluated 

and diopside and tremolite were related thus:-

Diopside Tremolite 

0 
= 9. 78i ao = 9. 71A ao 

0 0 

bo = 8.89A bo = 17.80A 
0 0 

c = 5.24A co = 5.26A 
0 

I = 105°50' I = 106°02' 

Therefore the b0 dimension of tremolite is twice that of di9pside •. 

The structure of the amphiboles is shown schematically in Fig. 1-1 from 

Ernst (196S). The structure consists of double chains of tetrahedrally 



-4-

co-ordinated cations of infinite length parallel to the 'c' 

axis. The tetrahedra share alternately two and three oxygens between 

consecutive tetrahedrally co-ordinated cat ions in the chains. The chain 

consists of six membered rings surrounding a central void. 

Oxygens shared by pairs of fourfold co-ordinated cations are tenmed 

bridging oxygens. The backs of the chains consist of nearly co-planar 

oxygens. These oxygens were stated to be co-planar by Warren but subsequent 

three dimensional structure analyses have noted that this is not so 

(Papike and Clark, 1968; Papike, Ross, and Clark, 1969). These are 

designated as non-bridging 0(4) and bridging 0(5), 0(6) and 0(7). The 

latter three are bonded to tetrahedral cations only, but 0(4) is located 

at the of the double chain and is bonded to a cation of six-eight 

fold co-ordination. 

Apical oxygens are also almost a co-planar anionic layer consisting 

of the non-bridging 0(1) and 0(2) and bonded on one side to fourfold 

co-ordinated cations and on the other by six-eight fold co-ordinated cations. 

Directly over the V-oid in the chain is an anion designated 0(3) bonded only 

to octahedrally co-ordinated cations and is typically monovalent, either 

hydroxyl, fluorine or more rarely chlorine and on occasions be oxygen. 

l-3-l. Cation Structural Sites. 

These sites are made up of the tetrahedrally co-ordinated Si(I) and 

Si(II) (named by Warren because in tremolite only silicon was present in 

these sites); octahedrally co-ordinated M(l), M(2) and M(3); six-eight 

fold co-ordinated M(4); and finally the 'A' site which is twelvefold 

co,...or.dinated. 

The metal ions are co-planar and the double chain is slightly folded 

outwards away from the metal ions either side of the centre line (07) 

(Whittaker, 1949). The metal sites are located between two layers of apical 
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oxygens; M(2) and M(4) are situated at the peripheries of adjacent 

opposite facing chains and these provide bonds which bind the chains 

together parallel to the 'a' and 'b' axes. The relative positions of the 

co-planar cations can be seen in the upper portion of Fig. 1-1 which is a 

section normal to the 'c' axis. The lower part of the diagram, a projection 

normal to a0 sin,A shows the arrangement of the chains and how the M(2) 

and M(4) cations bind the chains together laterally, i.e. parallel to the 

'b' axis. 

The M(2) and M(4) sites are equivalent to the six-eight fold M sites 

in the pyroxenes and M(l) and M(3) are equivalent the octahedral sites 

in the micas. Therefore one can look upon the amphiboles as an 

intermediate stage in polymerisation between pyroxenes and micas. 

A large cavity arises from the superposition of the voids of adjacent 

back to back double chains and is designated the structural 'A' site. 

The position of this site is in the void below the 0(3) anion (see Fig. 1-1). 

In Fig. 1-2 a schematic diagram of the metal sites in the monoclinic 

amphiboles is shown. M(l), M(2), and M(3) are shown as regular octahedral 

sites but M(2) is slightly more distorted. The figures for the cation­

anion distances for tremolite (Papike, Ross, and Clark, 1969) are shown 

below the sites. M(4) is shown as an irregular eight-sided site. 

In the lower half of Fig. l-1 the double chain·is shown as an approximate 

hexagon. Warren (1929) described this as a regular hexagon but recent 

structure determinations (Papike and Clark, 1968; Papike, Ross, and Clark, 

1969; Colyille and Gibbs, 1965) have shown these chains to be 'kinked' to 

degrees in different amphiboles. Two similar alkali amphiboles, 

magnesioriebeckite (crocidolite) and riebeckite are shown in Fig. 1-3 

and the main difference in chemistry is tl').at magnesioriebeckite has 

magnesium in M( 1) and M(3) sites. 



croci do lito (Wilittalter 1949) 

I b c 
Si 1 1.58 .43 

SiiJ: 3.05 3.11 
oct Sin Os 2.51 N 4.27 

It) 

Os It) 1.98 I. 87 

07 0. .13 

M3 0. 0. 

M31 

M 

I 

l riebecldte (Colville and 
Gibbs 1965) 

b c 
Si1 I. 55 -1.53 

oct 
N Sin 3.06 1.06 
It) Sin . 
It) Os . 2.31 2.27 l M3• Os 2.13 -.38 

07 0. -1.57 

M3 0. 0. o71 

Fig.1-3 Half chain widths of riczbczckite and magnczsio­

riczbeckitcz to show'ktnking' of the chains.(aftczrErnst 1968.) 
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Warren (1929) in his original structure det.ermi.nation took rotation 

photographs about the 1 c 1 axes of five monoclinic amphiboles, namely; 

tremolite, actinolite, hornblende, kupferrite, and grunerite. All the 

photographs were similar therefore it was assumed that the other amphiboles 

had essentially the same structure as tremolite. 

From oscillation photographs about the 'b 1 axis the only reflections 

present were for h + k + 1 = even. Warren designated the lattice as 

boey-centred and he used the superscript 1 I 1
• The alternative is to use 

the face-centred or 1 C1 cell. Zussman (1959) shows the relationship 

between these two cells. The 'C' cell is now used exclusively to prevent 

confusion in presenting data. 

Tremolite belongs to the monoclinic holohedral class and using the 

1C1 face-centred cell only C2/m and C2/c groups are possible. The 

oscillation photographs showed that there were some (hOl) reflections 

with both h and 1 odd therefore the space group rust be C2/m. 

Btown (1966) described an amphibole intergrown with t·r.emolite with 

the space group P21/m, subsequently Papike, Ross, and Clark (1969) have 

determined the crystal structure of amphiboles with this space group. 

Reflections with this space group have the indices hOl, hkl, and OkO 

when k = 2n. 

More recent structure determinations have been 

done by the following people:-

Whittaker (1949) - magnesioriebeckite. 

Zussman (1955) - actinolite, (1959) tremolite. 

Heritsch et al. (1957 and 1960) - hornblendes. 

Gho,se and Hellner (1959 ), Finger and Zoltai (1967), and 

Finger (1969) - grunerite. 

Ghose (1961), Fischer (1966) - cununingtonite. 
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Kawahara (1963) - arfvedsonite. 

Prewitt (1964) - two synthetic amphiboles. 

Gibbs (1965 and 1969) - synthetic proto-amphibole. 

Colville and Gibbs (1965) - riebeckite. 

Pap ike and Clark ( 1968) - glaucophane. 

Papike, Ross and Clark (1969) - various clinoamphiboles. 

Finger (1969) - anthopeyllite. 

Mitchell, Bloss, and Gibbs (1971) - actinolite. 

Papike and Ross (1969) - gedrites .. 

Robinson, Gibbs, and Ribbe (1969) - pargasite. 

Whittaker (1969) - holmquistite. 

The recent structural refinements have increased the knowledge on 

the three basic amphibole structures with the space groups C2/l!b P2Vl!b 

and Pnma. They have discovered the relative positions of the tetrahedra 

in various ronphibole compositions and that aluminium is enriched in 

T(l) compare(l to T(2). Papike, Ross, and Clark (1969) conclude that 

M(4)-0 co-orilination polyhedra are responsible for the miscibility gaps 

between rich clinoamphiboles (cummingtonites) and Na, Ca rich 

amphiboles at low temperatures. 

Work st:ill remains to be done on amphiboles from igneous environments 

with composi:'dons such as mboziite and amphiboles with high titanium 

and partial 'A' site occupancy in order to resolve further 

chemical problems. 

1-4. Site occupancy. 

The formula for an amphibole is (OH)2 which represents 

one-half of the unit cell ofo. olt' .. oamphibole. 'A' represents the twelvefold 

co-ordinated cations occupying the structural 'A' site; X the eightfold 

co-ordinated. cations at M(4); Y indicates the octahedrally co-ordinated 
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cations at M(l), M(2), and M(3); Z represents the tetrahedrally co­

ordinated cations at T(l) and T(2). 

Ghose (1965) drew up a scheme of cation in the amphibole 

group based upon chemical considerations and the structures 

-
available at the time (Table 1-1). This table is not exhaustive but it 

shows the general cation distribution in the monoclinic and orthorhombic 

amphiboles. The author disagrees with Ghose 's (1965) suggestion on the 

position of lithium in the arfvedsonite-eckermannite series. This cation 

probably goes into the M(l) and M(3) s·ites, with subsequent charge balance, 

because of its size (Phillips, 1963). This opinion is substantiated by 

studies of the infra-red spectra of the :fundamental h;ydro:xyl stretching 

frequency of lithium-containing alkali amphiboles (Addison and White, 

1968). Lithium in hol.mquistite is in the M(4) sites (Whittaker, 1969) •. 

The author has not noted any shift in OH- stretching frequency of a 

holmquistite from Rwanda which would be expected if lithium were in the 

M(l), M(3) sites. 

When eydro:xyl is replaced by o:xygen in the 0(3) si. tes ferric iron 

should enter the M(3) sites to balance the charges 1963). 

Recently much work has centred on the problem of site occupancy 

in the amphiboles. Single spectroscopic and 

infra-red spectroscopic techniques have been used to determine site 

occupancy. 

In ant.hopbyllite ferrous iron site preference is as follows: 

M(4) ·> M(l), M(3) > M(2) and this is similar to results for the 

cUIIliilillgtonite-grunerite series (Bancroft, Maddock, Burns, and Strens, 

1966). There is a strong preference for M(4) by ferrous iron and 

discrimination against the M( 2) site. The magnesium ions tend to cluster 

more in the M(l) and M(3) sites. 



·Name 

Glaucophane 

Riebeckite 

Katophorite 

Arf'vedsonite 

Eckermannite 

Richterite 

_ Cummi.ngtonite 

Actinolite 

Hornblende 

Edenite 

Pargasite­

Ferrohastingsite 

Anthophyllite 

TABLE 1-1 

Cation distribution in the amphiboles (after Ghose, 1965) 

M(4) M(2) M(l) + M(3) A Si(I) Si(II) 

Na Fe3+, Al Mg, Fe2+ - Si Si 

Na Fe3+ Mg, Fe2+ - Si Si 
1--- : 1 

Na2 (Fe3+ + Al)2 Mg > Fe2+ Na Al4Si4 Si 
1 2 1 

Ca2 (Fe + > Mg)2 

(Na + Li)i X 
1 

Ca4 
1 

Na2 
1 

ca2 

Fe2+ 

Ca 

Ca 

Ca 

Ca 

Fe2+ 

(Fe3+ + Al)i 

(Fe2+> 
Fe3+ + Mg 

+Al 

Mg2+ 

Fe2+> Mg 

Fe2+ > Mg 

Fe2+ > Mg 

Fe2+ > Mg 

Mg 

Mg > Fe 

Mg > Fe2+ 

Mg > Fe2+ 

Mg > Fe2+ 

Mg > Fe2+ 

(Al , Fe3+) 

Mg > Fe2+ 

(Mg > Fe2+) 

(Al, Fe3+) 

Mg ) Fe2+ 

x Posit ion of Lithium 

Na,K 

Na 

Na,K 

Na 

Na,K 

1 3 
Al4Si4 

Si 

Si 
-
Si 

1 3. 

Al4Si4 

1 1 
Al2Si2 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

Si 

I 
\.0 
I 
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The results from studies on actinolite (Burns and Strens, 1966), 

where M(4) is occupied by calcium, indicate that the Fe/ ratio 
Fe+ Mg 

in the M(2) position is about twice that in the M(l) and M(3) sites. 

Strens (1967, 1968) and _furns and Prentice (l968a and b) have evaluated 

the site occupancy in fibrous riebeckite and magnesioriebeckite (crocidolites). 

Ferric iron predominates at the M(2) sites and ferrous iron is concentrated 

in the M(l) and M(3) sites with a preference for M(l). Cations in 

pegmatitic riebeckites and magnesioriebeckites are more randomly 

distributed than in the fibrous varieties,- therefore site populations 

appear to be strongly temperature dependant.· 

In glaucophane ferric iron and aluminium are at M(2) and ferrous iron 

and magnesium at M(l) and M(3) with a slight preference for ferrous iron 

in M(3) (Papike and Clark, 1968; Strens, 1966). 

Much of the work, to date, has been on amphiboles from low temperature 

and metamorphic environments and a great deal needs doing on the igneous 

amphiboles. 

1-5. Amphibole cleavage. 

The amphiboles possess two cleavage planes at 124° to each othe!, 

whereas in the pyroxenes they are at 90°. The cleayage directions are 

shown schematically in 1-4. The silicon-oxygen tetrahedra are back to back 

. and the cations are distributed as shown. Warren (1929) concluded that the 

amphibole would cleave more readily at the edges of the chains, i.e. between. 

the M(4) and M(2) sites because the M-0 distances would be longer and hence 

weaker. His scheme for the amphibole cleavage passed between the metal 

ions and the apical oxygens of the s ilicon-oxygen tetrahedra then between 

adjacent chains and between M(2) and M(4) of the lower chain. This scheme 

is labelled (W). Taylor (1965) proposed an alternative to Warren's scheme. 
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This again passes between M(2) and M(4), between adjacent chains and then 

along the backs of the chains. Both hypot·heses give the same cleavage 

angle but Taylor's has the advantage that it breaks fewer hl-0 bonds. 

l-6. Nomenclature. 

The amphiboles can be subdivided according to the following scheme, 

modified from Phillips and Layton (1964):-

AMPHIBOLES 

Orthorhombic Monoclinic 

Space Group Pnma 

I 
Anthophyllite etc. 

Space Group P21/ 
I m 

Primitive Mn. Cum. 

Lime poor 
cummingtonites 

Lime rich 
calciferous 

Space Group C2/ 
m 

Alkalj,_ rich 
alkali 

A profuse nemenclature has arisen within the amphibole group of 

minerals, but since the author. is primarily concerned with alkali amphiboles 

this sub-group alone will be discussed. Alkali amphiboles are defined as 

having more than 1.00 atoms of sodium in X in the basic formula (Phillips, 

1966). 

Phillips and Layton (1964) define five alkali amphiboles of the 

following compositions:-

-Glaucophane -_,K 

NaCaNaMg
5
si8o22 (oH)2 - Richterite - K 

NaNa2Mg
4

AlSi8o22(0H)2 - Eckermannite - K 



·90 

·80 

Ferrogl aucophane 

·70 

·60 

-40 

·30 

Glaucophancz 

·20 

·10 

·10 
oNa

2
Mg

3
A 1

2
S1

8 
0

22
COHl

2 

·20 ·30 

Riebeckite 

Crossite 1...--- ----- --------1 • 

I 
I .. 

Magnesioriczbeckitcz 

·40 Fe+++ ·60 ·70 ·80 . 90 1·00 
Fez++++ Tr +AI o No Mg Fc•••s; 0 (OH) 

2 3 2 8 22 2 

Ftg.1- 5 Nomenclature of the Glaucophanc-Riebeckitc series. 
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- Miyashiroite - K 

NaCaNaMgfl2si6Al2o22(0H) 2 - Sundiusite - K 

These are the magnesium end-members and the suffix -I< x (KAPPA) 

indicates a pure end-member composition (Phillips and Layton, 

The above ·formula for glaucophane followed by - K indicates the pure 

chemical compound and c indicates a vacant lattice site. Minerals 

called glaucophane come within lq% of the pure compound. 

The name glaucophane was first used by Hausmann (1845) and comes from 

the Greek "glaucos" and "phanos" ·meaning to appear bluish green. 

Gastaldite was a name used for a mineral similar to glaucophane but 

more aluminous (Struver, 1875) but on re-analysis (Zambonini, 1906) it was 

shown to be glaucophane. The relationship between the various minerals 

in this compositional range is shown in Fig. 1-5. Phillips and Layton 

(1964) proposed the use of 'ferro' to denote the full substitution of 

ferrous iron for magnesium and 'ferri' for the full substitution of ferric 

iron for aluminium. Unfortunately the names of the minerals within this 

compositional range and the eckermannite-arfvedsonite compositions are 

entrenched in the literature. 

Riebeckite, the ferrous ferric iron analogue of the· glaucophane 

series, was originally described by Sauer (1888) and named after a 

Dr. Riebeck and came from the Island of Socotra in the Indian Ocean. This 

riebeckite is not a true riebeckite but a member of the riebeckite-

arfvedsonite series. 

Sub-glaucophane was a term used by Sundius (1946), Miyashiro (1957), 

and Winchell (1951) for minerals of intermediate composition between 

glaucophane and riebeckite but crossite, proposed by Palache (1894) in 

honour of J. W. Cross, is preferred bacause minerals of this composition 

have distinctive optical properties (Borg, 1967). 



No Si
8
o

22
(0H)

2 
Fe•+-+si80rJOH>2 

1·00.--------------------r-------------------, 

·90 

·80 

Ferroeckermannite Arfvedsonite 

·70 

·60 

Fe•• 

Fe +Mn 
----------------------- r------ -----------------

·40 

·30 

·20 

·10 

·10 

Eckermannite 

·20 ·30 

Magnesioarfvcdsonite 

·40 ·70 ·80 

Fig.l-6 Nomcrnclaturcr of thcr Eckcrrmannite-Arfvedsonite series. 

·90 HlO 
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The term magnesioriebeckite (Ernst, 1957; Miyashiro, 1957) for the 

magnesium ferric iron end-member could be called ferriglaucophane 

according to the Phillips and Layton (op. cit.) scheme. The closest 

approximation to the ferroglaucophane composition is glaucophane 23 

ferroglaucopbane 77 (Black, 1970). 

Crocidolite was first described by Stromeyer and Hausmann (1831) 

and means "woolly-stone". The term. "crocidolite" has since been used 

. to describe all forms of fibrous riebeckite and magnesioriebeckite. 

For the mineral the adjective, fibrous, should be attached followed by 

the specific mineral name. The name rhodusite has been introduced by 

the Russians for a fibrous magnesioriebeckite which has formed in 

environments. 

The following list of mineral names can be adequately described by 

the present terminology (after Hey, 1954): 

Osannite (Hiawatsch, 1906) - riebeckite. 

Chernyshevite (Duparc and Pearce, 1907) - riebeckite. 

(Murgoci, 1906) - riebeqkite. 

Ternovskite (Polovinkina, 1924) - magnesioriebeckite. 

Bababudanite (Smeeth, 1911) - magnesioriebeckite. 

Naurodite (von Knebel, 1903) - glaucophane. 

Ferriglaucophane (Rao, 1939) - glaucophane. 

Fig. 1-6 shows the relationships in the e ckermannite-arfvedsonite 

series. Both Figs. 1-5 and 1-6 should be used only to show relationships 

within the mineral composition range and not to show the systematic 

position of the composition within the amphibole group (Phillips, 1966) • 

.A.rfvedsonite was named by Brooke (1823) after the Swedish chemist 

J.A. Arfvedson and came from Kangerdlugsuak in southern Greenland. 

Eckermannite was named by Adamson (1942) after Professor H. von Eckermann 






























































































































































































































































































































































































































































































































