
Cr,essrrrc.etroN AND NonanNcretunp

The information contained in this section
is taken from the report of the I.M.A. Sub-
committee on Amphiboles ([rake 1978), the
addendurn to this report (Leake & Hey 1979)
and kake (rers. comm.). A standard amphi-
bole formula may be written as:
Ao-rBzCsT8O22(OH,F,Cl) 2 where

A : Na,K;
B : NaIi,Ca,Mn,Fe2+, Mg;
C : Mg,Fe2+, Mn,A1,Fe3+,Ti,Li, and
T : Si,Al.

The assignment of cations given above is by
no means comprehensive, and a more detailed
examination of group and site occupancies will
be given in a later section. The classification
of the amphiboles is based largely on crystal
chemistry, having as its basis the chemical
contents of the fornula unit calculated to
24(O,OH,F,CI), where possible. A large number
of amphiboles are now routinely analyzed by
electron microprobe, and the Fes+lFe3+ ratio is
not derived experimentally. There are general
techniques whereby this ratio may be calculated;
these are examined more closely in the next
section. Leake & Hey (1979) suggested calculat-
ing the fonhula on the basis of thirteen cations
excluding Ca, Na and K, and then adjusting
the Fe'z*/Fee+ ratio to bring O + OH to 24 or
O to 23.

In this classification, principal stoichiometries
are identified by generally well-established
names, with prefixes and adjectival modifiers
to indicate the presence of substantial substitu-
tions by ions that are not essential'constituents
of the end members. Prefixes are an inseparable
part of the name and should be attached by a
hyphen; consequently, an amphibole should be
indexed, under (the initial letter of) the prefix,
with perhaps a cross-reference under the species
name. Adjectival modifiers are not an essential
part of the amphibole name, but are simple
adjectives ending in -ian or -oan according to
the valency of the substituting ion- They denote
minor substitutions and are not an essential
part of the amphibole name; consequently,
they are not used in the first stage of indexing,
and the amphibole should be indexed under its
species name. Prefixes and adjectival modifiers
of general application are listed in Table 1,
together with . the limits and restrictions on
their use. A$ditional adjectives may be approved
as needed Q.s., nickeloan, cuprian). A few pre-
fixes must be defined differently in the different
amphibole groups; these will be given later. The
prefixes magnesio-, ferro-, alumino- and ferri-
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TABLE I. PREFIXES AI{D ADJECTIVAT IIODIFIERS FOR THE AI.IPHIBOLES

Prefires
alumlno- s€e Tables 2, 3 and 4, also text
chlor- when Cl:1.00* ({42 Cl)
chromlum- whs Crzl.oo (*9X Cr2\)
ferl- when Fe32l'00 1"Sf rir6r) except ln alkall anphJboles

and hastlngslte
ferrc- see Tables 2, 3 and 4, also text
fluor- when F:1.00 (r2U F)
Itydro- when 0H:3.00 (r3% Hrl\
mnganese- when Mn:I.00 ("10% ilno) except ln end-mmbers

containlng l,4n
nagneslo- see Tables 2, 3 and 4, also text
oxy- when (oH+FiCs) is confimed as <1.00
potassim- when K:0'50 (e.7 Krl)
sodlm- see Table 2
tltnnlm- when Ti:l.00 (o10? tloZ) except in kaeButite
zlnc- uhs Zn:1.00 (r5l Zn0)

Adjectiyal modlflers
calclan see Tables 2 and 5
chronlan when Cr . 0.25-0.99 (.2.3-9* Crz%l
ferrlan when Fe3 = 0.75-0.99 (n6.4-9t Fe^o^) exceDt in

a lka l l  mphtbo les  dnd has t ing6t t6
ferroan see Flgure 2 (only trith pargasite and pargas.lt ic

hombl ende)
l i th lan  whan L l :0 .25  ( t0 .4X L lzo)  except  tn  a tka l t  anpht -

bo les  when ' l i th ian  ls  Ised  fo r  L i :0 .50  (o0 .BZ L l "0 ) .
Not used wlth holmqulstite and cl. lnoholnqulsilte'

mgnesian see-Flgure 2 (only ulth hastlngslte and hasilngs.l i lc
hornblende)

nanganoan when Mn . 0.25-0.99 (r2.5-10X !1n0) except .in end-
nmbers containlng lth

plmbian trhen Pb:o.08 (olr13 Pb0)
potasslan $€n K . 0.25-0.49 (11.3-2.7% K20)
sil iclc see Flgure 2 and Table 3
subcalcic see Table 3
subs,i l lcic s@ Table 3
titanlan when Ti = 0.25-0.99 (12.5-101 TiOZ)
zincian when Zn = 0'25-0.99 (tu].2-5t Zno)
-catlon and anlon numbers are ln atons per fomuia unlt

are often used with names that refer to part
of a series. Alternate names are often so widely
used for ends of some series that they are
preferable to the ideal names (e.9., tremolite
instead of magnesio-actinolite, tschermakite
instead of alumino-tschermakite). The prefix
"pure" may be used to indicate a theoretical
end-member formula.

The amphiboles are divided into four princi-
pal groups on the basis of the B-group cation
occupancy:
Ca+Na)r(1.34 [ron-magnesium-manganese

amphibole group

(Ca+Na)g>1.34 )
l Calcic amphibole group

Na, <0.67 
t)

(Ca+Na)F1.34 )
I Sodic-calcic amphibole group

0.67(Nae(1.341

Nas)I.34 Alkali amphibole group
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TABLE 2. lHE IRON-I'IAGNESIIJI'1-I'IANGANESE AMPHIBOLES : GENERAL
FORMULAE, END.I'IEHBER NAIIES AIID END.IIEMBER FORI'{ULAE

orthorhombic foms

Anthophyr 1 I te r 'ru, trs,rln,Ezlrer rtel*rslB-x-y)022 
(0H, F,cl )z

x+y < I .00

End mmber Fomula

titagnes I o- anthophyl I I te ilsTS'l r0r, 
(0H ) 2

Ferrc-anthophyl 1 I te Fefsl,0r, (0H ),

sodl un-anthophy! I I re I'la (Mg, Fez ) 7A1 si 7022 
(0H) 

2

Gedrite Nax(Ng,l 'tn,Fe2)7-yAly(AI**ySiA-"-y)02zrch'F'C1)2

Fonnula

Ho lnquisti te Lt2(t19,Fe2)3(Fe3'Al )zsi8022(0H'F'cl ) 2
End mmber Fomula

Magneslo-holnqul stl te Li zHS3Al 25 l 8022 
(0H ) 2

Ferro-holmqul stite Li2F€3Arzsr80?2(0H) 2
t '4onocllnlc foms

'Tll?::" 
" (r.rs,Fe2,Mn)7siso22(oH)2
End nsber Fomula

Magneslo-cml ngtonl te l4grSlr0rr(0H) 2

relxrorrlon),
t"tnrMsuS l,0r, (0H ) t
Mn2Fe6si 8022(oH)2

cl inohotmquisilte Li2(Mg,Fe2'Mn)3(F"3'et )rsirorr{ol,r,ct ),
End mmber Fomula

l,4agneslo-cl I noholmqulstite Ll 2Ms3AI 25i g022(0H) 2

Ferro-c l I noholnqul sti te Li ZFeiAl 2s l BOZ2 
(OH ) 2

Anthophyl I ite Almlno-
Gedrlte Sodium-
Cumingtonlte serles Sodian
Fe-l4g-Hn group calcian

General formulae. end-member formulae
and limits on the use of end-member names
for each of these groups are given in Tables
2-5 and Figures l-4.

Fe-Mg-Mn amphiboles: this group naturally
divides into two subgroups, the orthorhombic
and the monoclinic groups. Where it is neces-
sary to distinguish different space-group vari-
eties, the space-group symbol may be added as
a suffix (e.9., cumminglonite F2t/ m. For holm-
quistite and clinoholmquistite, it is important
that Li be greater or equal to 1.0 apfu (atoms
per formula \nit) (pl.1Eo LirO).

Calcic amphiboles: with tschermakite, tscher-
makitic hornblende. ferro-tschermakite and
ferro-tschermakitic hornblende, the prefixe-s
alumino- and ferri- immediately precede the
word tschermakite; otherwise, the order in
which prefixes are used is not fixed. Neither
ferri- nor ferrian should be used with hasting-
site. a name that implies high Fe8*.

MO'AI rsl UAlr0r, 
(0H),

FeaAl2Sl6412o22(oH)2
Nu[r,rs,r"z f,ir iidA t ,orrlon),

TABLE 3. THE CATCIC AI'{PHIB0LES: END-MEI'IBER NMES AND
END-itElvts ER FoRI'IULAE

Fomula

Carl',toUSi,0rr( 0H) 2
carrelst ,orr( oH ),
NaCarllsusi fI0rr(0H) 2
Naca2Fefsi 7A1 022( oH ) z
Naca2rils4A l Si 6A1 20 22@H) 2
NacazFe?Ar si 6Al zo zzQH) 2
NacazFeiFe3si 6A1 zozzljjii z
Naca2Mg4Fe3sl 6A I zozzPH) z
Ca2l'lg3Al 25i 6A1 20 .ZQH) z
carrelnr rsi uet,ozzq|) z
caruo,rels i unt,0zzrcil z
c.rr.!r"lsi unr, o zzrcil z
Carl'lsOAlsi rAI 0rr( 0H),

cazFeeAlsi 7Ar oz2(oH) z
NaCazMs4Ti S i 6Al z@+o4) 24
r'tacarreftisi unt 2(o+oH) 24

Prefixes specific to calcic amphlboies

" "A1  >  I . 00

1 .00  ( - 3 .5% Na  0 )

I .50 (-9.5% ca0)

7.25 (na+r)A>o.so

Sodic-calcic amphiboles: as with the calcic
amphiboles, the prefixes alumino- and ferri-
immediately precede the fundamental amphi-
bole name; otherwise, the order in which the
prefixes are used is not fixed.

Alkali amphiboles: the optical orientation
may be indicated by prefixing the symbol
G, C, O or R for the four possible orientations
(Borg 1967b).

General considerations

For amphiboles that are not precisely charac-
terized (e.g., identified from optical properties
without chemical anaysis), it is not possible
to allocate a precise name. In this case, the
assigned amphibole name should be made into
an adjective followed by the word amphibole,
thus: tremolitic amphibole, pargasitic amphi-
bole. Similarly, hornblende is to be used for a
calcic amphibole identified by physical or

x+y :l .00

End mmber

Ilagnesio-gedrl te

Fefm-gedrite

Sodim-gedrite

End nember '

Tremo l I te

Ferro-actlnol I te

Edenl te

Ferro-edeni te

Pargasi te

Ferro-pargasi te

Hasti ngsi te

l'4agnes io-hastingsite

Al unino-tschennaki te

Ferro-al uni no-tschermaki te

Ferri:tschermaki te

FerrJ -f erro-ts chermaki te

Al umi no-maEnes io-hornbl ende

Al umJ no-ferro-hornb l ende

Kaersuti te

Ferro-kaersuti te

Al uni no-

SodJan

Subca l ci c

5 t  I  l c l c

Grun€rite

TircdJte

Dannemrite

Na

< tA l :0 .50
{a>0.75
Na:0'25
Ca:0.50
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TABLE 4. TllE SODIC-CALCIC A|4PHIBOLESr END-MEMBER NAt4Es
AND END.MEMER FORI,IULAE

OF THE AMPHIBOLES r77

t . o
o . 9

Richteri te

Ferro-r'i chteri te

Ferri -wlnchi te

A l umi no-wi nchi te

Ferro-a l uuni no-wl nchi te

Ferro-ferri -wi nchite

A l umi no-barroi sJ te

Feno-al uni no-barfoi si te

Ferri -barroi s.i te

Ferro-fe|ri -barroisi te

Magnesi o-ferri -katophori te

Magnesi o-al uni no-katophori te

Ferri -katophorJ te

A l umino-katophori te

Ferri -tarami te

Magnesi o-ferri -taramite

A'l uni no-tarami te

f{agnesi o-al unino-tarani te

I  
' 'o

I  o.7
M g

' n i  0 .3
I  o .o

End member Fonnula

NaCaNaMsUSi,0r, (0H),

NacaNaFe;si B02z (0H ) 2
caNaMs4Fe3si 8022 ( oH ) z
caNal{sOA1 Si,0r2 (0H) 2
caNaFeiAlsi sozz (oH) z
caNaFeiFe3si 8022 (oH ) z
caNaMSrAl rSi,At 0r, ( 0H) 2
caNaFeiAl2si /rozz( oH) 4
caNaMs3Fetsi /i022(0i)2
caNaFeSFetsi /1022 (oH)2

NaCaNaMgnFe35i, A1 o 2zrcil z
NacaNaMS4AlS i 7A1022rcH) z
NacaNaFeiFe3si 7 Ato ?2rcil z
Hacanarefnrsi 4't0 zzrcil z
NacaNaFe3Fe;si 6 At zo z2rcil 2
NacamaMe. Fels i u At 20 z2e|) z
t'tacarrtaFelnt rsi u A1 2022rcil 2
NaCaNal',lg3A125i 6 A120?zrcH) z

Pr€fixes specifJ c to sodi c-calci c anphibo] es

Al uni no- " "A l  > l . 00

TABLE 5. THE ALKALI AIT|PHIB0LES: END-I'4EI',|BER NA|4ES AND
END-MEMBER FORMULAE

End member Fonnul a

7 . O  6 . 0
P e r  f  o r m u l o  u n i t -

t
I
I

M g

Mg+ Fe'
I
I'  o .  I

o . o
8.0

- S i

Gl aucophane

Femo-gl aucophane

Magnes io-ri ebeckite

Ri ebeckite

Eckermannite

Ferro-eckermannite

Magnesi o-arfvedsonite

Arfvedsonite

Nyboite

Kozu l i te

Cal  c i  an

Lithi an

NarMOrAI rSi UOr, ( 0H ),

narrerzat,si uoa, 
(oH),

Na2M93Fe;st Bozz ( oH ) 2
ruarrelrelsi ro, toH),
NaNaTMSOAI SiUor, (0H),

NaNazFeAAl si sozz ( oH ) z
NaNazMs4Fe3siB022(0H) 2
NaNa2FeiFe3si I 0lzrcil z
NaNarltgrAl rSi rAl 0 ZZrcH) z
NaNarMno (Fe3,Al ) s.iso2z (oH) z

Prefixes specifj.c to .a.lkal.i amphiboles

Ca :0.50 (ru3% CaO)

L i : 0 . 5 0  ( . 1 %  L i Z o )

M O N O C L I N I C

IlAGNES IO-CUI'IIII tIGT()t{ITE

c|jt'{t'ilt{GT0t{tTE

6RUNERITE

Ftc. l. The nomenclature of the iron-magnesium-
manganese amphiboles for which Li ( 1.0 atoms
p.f.u. [after Leake (1978)].

optical properties (or both) and not confidently
identifiable as near to an end-member.

For the various asbestiform amphiboles,
mineralogical usage should involve the precise
mineral name followed by -asbestos, thus:
anthophyllite-asbestos, actinolite-asbestos. Where
the nature of the mineral is not known, asbestos
alone may be appropriate. Where the approx-
imate nature of the mineral is known but not
its precise composition, the assigned amphibole
name should be made into an adjective followed
by the word asbestos; thus anthophyllitic asbes-
tos. For this purpose, crocidolite is used to
cover alkali amphibole asbestos in general,
whereas the above recommendations are to be
followed if the precise composition is known.

A large number of amphibole names have
been formally abandoned (Leake 1978) and
should not be used; this includes barkevikite,
basaltic hornblende, ferrohastingsite and carin-
thine. This nomenclature is fairly simple con-
sidering the complexity of the amphibole group
and should result in rapid and unambiguous
naming of amphiboles.

Fonuur,e-UNIT CALcULATToN

The results of a chemical analysis of an
amphibole are normally presented as the weight

O R T H O R H O M B I C

].IAGNES I O-AN]HOPHYLLITEIIAGNESIO-GEDRIIE

ANIIIOPHYLLITE

FERRO-AN]HOPHYLLIIE FERRO-GEDRIIE




