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I. General classification of the amphiboles 

It is proposed that the classification of the amphiboles should be largely 
based on crystal chemistry, as the optical and other physical determinative pro- 
perties such as X-ray powder diffraction cannot differentiate -n-mbigaously betnveen 
different members of the ~up. Of course the traditional and important distinction 
between orthorhombio and monoclinic members has been reta/ned. When it is necessary 
to distingulsh different polytypes or polymorphs further (e.g. with c,~-,,~nS-tonite) 
+211s m~7 be done by adding the space @Toup symbol as a suffix. 

The proposed nomenclature has successfully avoided introducing new names by 
the use of adjectival modifiers (e.g. titanlan) and prefixes (e.g. ferro-) which 
cover specified elemental ranges and which, for simplicity, are hereafter both called 
prefixes. Accepted and widely used names have been chemically codified to agree, 
as far as is possible, with the consensus of present use. About 200 previously 
used amphibole names, mostly synonyms or obsolete or almost unused names, are 
reconm~n~led for formal extinction. 

The classification is based on the chemical contents of a standard amphibole 
calculated to 24(O,ON,F,CI), but it is recognleed that where there is no determin- 
ation Of H20+ (e.g. electx~m microprobe analyses), or there is reason to suppose 
that the reported H20+ is erroneous, or where it is probable that unx~ported F or  
CI ma~ be substantial, then the basis of 23(0) should be used to calculate 'the 
cation contents of the standard formula. This formula unit contains eight tet-ra~ 
hed.Tal s i t e s  and. o o r r e ~  to  the  h a l f  u n i t  c e l l  f o r  monoclinie amphiboles and. 
t;o one ~ o f  ~ ~mit o e l l  f o r  ox't~o~homl)io S,~l~hibeles. 
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Throughout this report the standard amphibole formula is used with super- 
script arabic numerals (e.g. Fe 2) referring to charges; roman numerals (e.g. Al "~) 
to co-ordination numbers and subscript numerals to numbers of atoms (e.g. Mg~). 
General works dealing with the amphibole group include Deer et al. (1963), E~nst 
(1968) and the special papers of the Mineralogical Society o~-~-~erica (1969) and 
Great Britain (1968) which together provide a key to the vol~m~uous literature. 

The standard amphibole formula is taken to contain 8 tetrahedral sites and 
the general form of the standard formula is: 

A0_ I B 2 C~ T8 IV 022(0H, F,CI)2 

In the calculation of the standard amphibole formula the following procedure is 
recommended: 

(I) If the water and halogen contents are well established, or if there is 
physical evidence that the amphibole is an o~-amphibole, the formula should 
be calculated to 24(O,0H,F,C1). 

(2) If the water plus halogen content is uncertain the formula should be calcu- 
lated on a water-free (and halogen free) basis to 23(0) and 2(0H,F,C1) 
assumed, unless this leads to an impossibility of satisfying any of the 
following criteria, in which case appropriate change in the assumed number 
of (OH+F+C1) should be made. 

(3) Sum T to 8.00 using Si, then A1, then Cr 3, then Fe 3, then Ti 4. 

(4) Sum C to 5.00 using excess A1, Cr, Ti, Fe 3 from (3), then Mg, then Fe 2, 
and then Mn. 

(5) Sum B to 2.00 using excess Fe 2, Mn, Mg from (2), then Ca, then Na. 

(6) Excess Na from (5) is assigned to A, then all K. Total A should be between 
0.00 and 1.00, inclusive. 

These assignments normally correspond to the occupancies of the tetrahedral sites 
(T), the MI + M2 + M3 sites (C), the /44 sStes (B) and the A sites (A). Present 
knowledge of the distribution of ions is not sufficient to warrant ma~ug separate 
formal allocation to the three distinct sites that in total constitute the C 
position, nor does the available evidence suggest that calculation to a fixed 
number of cations is desirable. 

When a standard amphibole formula has been determined in this way it is 
classified first into one of four principal amphibole ~TOUpS on the basis of the 
numbers of atoms of (Ca + Na)B and Na B. Within each of these groups it can then 
be named by reference to the appropriate two-dim~nsional diagram (Figs. 2-5) using 
the number of Si atoms and the ratio M~(Mg + FEZ). The r~me so found is the name 
of the defined end-member to which the formula most closely appro~m~tes. This 
~-,.e may be qualified by one or more prefixes according to definite rules to 
specify important (but relatively minor) departures from the and-member formula. 
The four principal amphibole ~;roups are defined as: 

(a) When (Ca+Na)B < 1.34, then the amphibole is a member of the iron-ma~esium- 
~ e s e  amphibole group. 

(b) When (Cs~Na)B _> 1.34 and Na B < 0.67, then the amphibole is a member of the 
oalcio s~ibole ~ou~. Nearly all such natural amphiboles have Ca B > 1.34. 
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(c) When (Oa+Na)B ~ 1.34 and 0.67 ~Na B < 1.34, then the amphibole is a member 
of the sodie-calcic amphibole group. 8uchnatural amphiboles usually contain 
0.67 < Ca B < 1 �9 34. 

(d) When (Na)B ~ 1.34, then the amphibole is a member of the alkali amphibole 
~TOUD, 

The principal reference axes chosen for the calcic, sodio-oalcic and alkali amphi- 
bole groups a re  NaB; (Na+K)A; and ( 8 - S i ) ,  as  shown i n  F i g .  1 based on S m i t h ' s  
(1959) proposals. Other choices of axes are of course possible, and have been 
considered, but for various excellent reasons the present choice is recommended. 

In general the scheme seeks to avoid prlmsry divisions at integral contents 
of the standard formula so that analyses near to formalised end-, or integral 
members,~whose ~mes are defined, are grouped together, rather than split apart. 

The form of the Mg to Fe ratio usually used is M~(Fe2+Mg). An increasing 
number of amphibole -~lyses are being obtained by microprobe analysis (over 85% 
of those reported in 1976) and these analyses usually do not report Fe205. There 
are various different possible procedures to partially alleviate the problems 
raised by such partial analyses but no one procedure is recommended though calcu- 
lation on the basis of 23(0) and then adJus21~/ent of the total cations, exolud/ng 
(Ca+Na+K), to 5 + 8 = 13, by vax3ring the Fe /Fe3, has much to recommend it. 

Provision is made to denote by prefixes the presence of substantial substi- 
Prefixes %utionby elements that are not essential constituents of the end-members. 

%hat are generally applicable a~e:- 

ohlor when 

chromium when 

chromian when 

ferri when 

ferrian when 

fluor when 

hydro when 

lithian when 

manganese when 

ma-ganoan when 

o~ when 

plumbian when 

potassium when 

potaasian when 

cz z 1.~ (about 4~ Cl) 
Cr Z 1.00 (about 9% Cr203) 

Or = 0,25-0.99 (about 2.3-9% Cr205) 

Fe 5 ~-- 1.00 (about 9% Fe203) except in alkali 
amphiboles and hastingsite 

Fe 3 = 0.75-0.99 (about 6.8-9% Fe20 ) except in alkali 
amphiboles and hastingsite 3 

F ~ 1.oo (about ~ F) 

OH -> 3.oo (about ~ H20) 
Li ~-- 0.25 (about 0.4% Li20 ) except in the alkali 

amphiboles when Li E 0.50. Not used with 
holmquistite and clinoholmquistite. 

Mn ~- 1.00 (about 10% MmO) except in end-members 
c o n t a i n i n g  Mn 

Mn = 0.25-0.99 (about 2.5-10% MnO) except in end- 
members conta~nlng Mn 

OH+P44~I < 1.00. As many poor analyses have low recordea 
water and no F or 01 values, this prefix 
should be used with d/scretion. 

1:% Z 0.08 (about 1.1% Pb0) 

K E 0 .50  (about  2.7% K20 ) 
K = 0.25-0.49 (about  1.3-2.7~ K20) except in the 

s!~1~i amphiboles 

s~bsilAolo when Si ~5 .75  
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titanium when Ti >- 1.00 (about 10% Ti02) except in kaersutite 

titanian when Ti = 0.25-0.99 (about 2.5-10% Ti02) except in kae~- 

zlno when Zn ~-- 1.00 (about 5% ZnO) sutite 

zincian when Zn = 0.25-0.99 (about 1.2-5% ZnO) 

A few prefixes (al~m1~c, calcian, suboalcio, and sodian) have to be defined 
differently in the different principal amphibole groups, and their definitions 
are given in the appropriate places. 

The proposals often do not involve uniform divisions at elegant and invar- 
iable mathematical points such as would clea~ly be proposed if usage could be 
ignored. On the contrary, the four separate amphibole-group schemes each endeavour 
to fit present usage and codify it. Consequently there are sometimes rather untid~ 
aspects but this is preferable to schemes which cut across traditional and present 
usage. As there are already over 8000 published amphibole -nal yses it is important 
to provide for nearly every probable variation so as to avoid irregular prolifex~- 
ation of ~-.~s and this is best prevented by providing ample scope for fairly 
detailed compositional indications. 

Adjectival prefixes have been employed t o  keep the number of fundamental 
amphibole r~mes to a rain/mum and to indicate specifically defined ranges of com- 

~2 sitlon which seek to (I) avoid present and future haphazard and irregular ~m~g, ) enable between 15 and 20 variables to be conveyed in the name either explicitly 
or, more usually, implicitly (i.e., by the absence of a prefix), (3) give a non- 
speoiallst mineralogist or petrologist a name which in itself is meaningful (e.g. 
manganoan) even if the defined specific element-raug~s covered by the adjectival 
prefixes are ,mknown. The absence of a prefix means that the element concerned 
is below, or occasionally above (e.g. with subsilicic and subcalcio), the 1~mlts 
prescribed for the use of the prefix, which in all instances has been defined after 
considering what is oonnnon and what is unusual and the limits defined endeavour to 
mark out the unusual from the common. Schaller's (1930) adjectives are used to 
indicate moderate enrichment of substituting elements. 

The names p roposed  u s u a l l y  t ake  i n t o  acco u n t  and convey i n f o ~ t i o n  about  
the following variables in the standard formula:- 

Si,Al ~, (C~+~a)B, (~a+~)A, Ca , AlVI,Fe3JI,F,CI,K,Mn,Cr, Z~,'~ ,~,Oa, O,and ~/(~Fe ~) 

Prefixes magnesio-, ferro-, al, nn~no-, and ferri- are often used with names that 
refer to part of a series. Alternate names are so widely used for the end or ends 
of some series that the alternative is sometimes preferable, such as tremolite 
instead of magneslo-actinolite and tscherma~te as a synonym of al~Ino-tsche~te, 
particularly where two or mere prefixes are otherwise required. If it is espec- 
ially required to distinguish between pure theoretical end-members and natural 
compositions that will always only approach the theoretical end-member composition, 
then the prefix pure may (i.e. it is not obligatory) be used for the theoretical 
integral formula e.g. pure tremolite for Ca 2 Mg 5 Si 8 022 (OH)2. 

For amphiboles whose general nature only is known, (for instance, from 
optical properties without a chemical analysis) it may not be possible to allocate 
a precise name. It is then recommended that the assigned amphibole name be made 
into an adjective to be followed by the word amphibole. Thus, anthophyllitio 
amphibole, tremelitic amphibole, pargasitic amphibole, richteritic amphibole and 
glaucophanio amphibole. The familiar word hornblende can still be used where 
appropriate for caloio amphiboles, because hornblende is never used without an 
adjective in the precise nomenclature. The adoption of these recommendations will 
not only avoid oonfuslon between precisely and loosely named amphiboles but will 
not 4nh4bit the giving of loose names that is obviously often inevitable when only 
pe~agenesis and optical properties are available. 
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Several names have been used for various asbestiform amphiboles. In m~e~- 
alogy, as d i s t i n c t  from commercial use, the precise mineral name aooording to t h i s  
repor t  should be used, fo l lowed by -asbestos; e.g. anthophyl l i te-~sbestos,  
ac t ino l i te -asbestes .  Where the nature of the m~neral i s  uncer ta in  or vn~nown, 
asbestos alone may be appropriate. Where the appro~.~te  nature of  the m~neral i s  
known but not i t s  precise composition, the recommendations made &bore should be 
fo l lowed but amphibole should be replaced by asbestos, e.g. a n t h o p h y l l i t i o  asbestos, 
a c t i n o l i t i o  asbestos. For t h i s  purpose c roo ido l i t e  may also be reta ined to oover 
- 1 ~ 1 !  amphibole asbestos as a general name whereas, eog. r iebeok i te - ,  or magneeio- 
r iebecki te-asbestes should be used when the precise composition i s  known. 

Finally, it has been much in mind that the amphiboles constitute an e~t~emely 
complex group= whi le  even more deta i led  subdiv is ions are possible,  the proposals 
attempt to be as simple as is reasonable so that or~ymineralogists and petrol- 
ogists will be able to rapidly, uniquely and,nm~biguously---~ most amphibole 
8D~es. 

Each of  the four principal amphibole groups is dealt with sel~Lrately below. 
The above section was approved by 12 votes for and 1 against. 

2. Fe-M~-Mn Amphiboles 

The group is defined so as to include possessing (Ca~Na)B 2"~.1"34 in the 
standard formula. The detailed classification is based on Fig. 

(1) A n t h o p ~ l l t t e  

(2) 

End Members 

Ma~nesio-anthol~vllite 

Ferzo-anthophylllte 

Sodium anthophyllite 

ORTHORH0~BIC FORMS 

N a x ( ~ , ~ ,  Fe2)7_~y(n=+yS i~x_y )022(0H,F ,  Cl) 2 
where x+y< 1.00, otherwise the ~ e r a l  is gedrite. 

~siso22(os)2 
Fe27Si8022(0H) 2 

Ua(~,Fe2)~iT022(0H)2 
~m~ts f o r ~ e  of  end member~aes 

Magnesio-anthophyllite M~/(Fe2+Mg) ~0.90 

Fer~-~tho~lnta Fe2/(~+Fe 2) ~0.90 
Sodium anthophyllite Na~ 0.50 

Prefix for ~ioula~ substitution (see also below) 

Al,-,4no- when Al VI~ 0.50 

G e ~ L T i t e  Naz(~,Ym,Fe2)7_ylLly(Alx.TSiS_x_y)022(0H,F,C1)2 
when x+y~ 1.00, the dlstinotion from anthopb~llite 

being based on the total A1 IV, which exceeds 0.99 

in 6edrite. 

End Members 

Na6nee io-gedr i te  

F e ~ d r i t e  

Sodium ~ed~i te  

F~SA12Si6A12022(OH) 2 

Fe~A12Si6A12022(OH)2 

Na(Mg, Fe)6A1Si6A12022(OH)2 
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Fig. 2. IRON-MAGNE.SIUM-MA.NGA_NESE ~ L E S  

Li  < 1.00; (Ca+Na)B~ I. 34 
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A. 0rthorhombic 
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B. Monoclinic 
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C~a~u~onite 

Gx~nerlte 
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Tdm~ts for use of end =ember names 
Ma~esio-gedrtte ~/(Fe2+Mg) -> 0.90 

Ferz~-ged~ite Fe2/(M~re 2) >-0.90 

Prefix for p~rtioular substitution 

Sodium when Na -> 0.75 

(.~) Holmqulstlte Li2 (Mg, Fe2) 3 (Fe}, A1) 28is022(OH,P, C1) 2 
It is critical that Li >- 1.00 in stnmtural formxl~ (shout 1.7~i20 ). 

End Members 

Magne sio-ho Imquis tit e Li~3AI2Si8022(0H)2 

FexTO-holmquistite Li~e~AI2SI8022(0H)2 

T.~m~ts of use of end member namer 

Ma~esio-hol~uistite M~(Fe2+l~) Z 0.90 

Fe~o-hola~utst t te Fe2/(Ms~Fe 2) ~0.90 

MONOCLINIC FOP~ 

(1) (Mg, Fe2,M~)7 Si8022(0H)2 ~-~"~ n~tonite Series 

End Membez~ 

Magne sio-o, ~m~-=~onite 

Grunerlte 

Tlrodite 

]~nnemorite 

(2) 

~s%o22(oH)2 
Ze~Sis022(OH) 2 
"~SSisO22(0H)2 
Mn~esSi8022(OH) 2 

T.t,.~ts of use of e ~  =ember namer 
M a ~ e s i o - c = = = t ~  ~/(~e2+~) >- 0.70 
Gz~ue=ite Fe2/(Ms~-Fe 2) >- O. 70 
Tirodi te ~/(Mn+Mg+Fe) -> 0.10 and Mg~l~e 
Da=me=orite M~(M~-Fe+M@') ~- O. 10 and Mg �9 Fe 

Prefix for ~ioula~ substitution (see also below) 

Sodlan when Na ~- 0.25 

CU.~oho~,~st i te  -- 2(~,  ~ e 2 ~ ( F e 3 ,  ~ )  2Si8022(~,F,0l)  2 
It is critical that Li~1.00 (i.e. about 1.7~ Li20) 

End Members 

Magne sio-o linohol=quietit e Li~g3AI2Si8022(0H) 2 

Ferro-o l~uoho l~ tu i  s t i r  e Li~e3A12Si8022(OH) 2 
Tdmt ts for  use of er~ =ember namer 
Masnesio-olinohola~uistite M~(Fe2+Mg) > O. 90 
FezTo-olinoholmqulatlte Fe2/(Mg+Pe 2) -> 0.90 
Speoial pzefix foz the whole F ~  Ezoup of amphiboles 

~ o i - -  when ca>o.5o (about 3.5% oao) 
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Nomenolature is 81yen by referenoe to Fig. 2 or if LIE1.00 to the above 
text, combined with the prefixes ~iven for the whole amphibole group and those 
epeolal to the Fe-~ amphiboles. 

The above section was approved by 11 votes for and 2 against. 

5. C a l c i o  Amphiboles 

The ~zoup is defined as monoolinio amphiboles in whloh (Ca+Na)BZl.54 and 
,%<0.67. ~e=,~ c~'~.54. 

End Members 

Tree, liCe 

Ferro-aotinoll~e 

E@enite 

FezTo-e~eni~e 

Pargasi~e 

PezTo-pargasite 

Hastingsite 

Ma~ne sio.-h~stingsit e 

Al~no-t sohe~.~ te 

F e r r i - t s o h e ~ a k i t e  

F e r r o - f e r r i - t s c h e r m ~  t e  

Alumino - m a ~ e  s i o - h o ~ b l e n d e  

Al',m4 n~-felTo-hornblende 

Kamrsutite 

~ezTo-kaersutit e 

c- ssiso22(oH)2 
c"z  ieo22(oH) 2 
" Ca "%Si 022(O") 2 

�9 NaCa~4A1Si6A12022 ( 0H ) 2 

"aCa~e~AISi6A12022(0H) 2 - 

" a e4 eSSi6 2022(oH) 2 
NaCa2Mg4Fe3Si6AI2022 (OH) 2 

Ca~sAI2Si6AI2022 (OH) 2 

  e ' 2Si6 2022(OH)2 

SaCa2Mg49iSi6A12 (O+OH) 24 

NaDa~e4~iSi6Al 2 (0+OH) 24 

T.~m~tS for use of end member nmnes and nomenclature of the group 

The nomenolature of the group is tabulated in Fig. 3. Assignment of the 
name is as follows- If Ti -> 0.50 go to Fig. 5DJ If Ti<0.50 and (Na+K)A~0.50VI 
go to Fig. 5Aj If T~< 0.50 and (Na+K)A>0.50, then go to Fig. 33 if Fe ~+<~I 
and %o Fig. 30 if Fe~>AI vl. Further subdivisions depend upon Si and M~/(Fe~'+ ME). 
These give +-he fundamental name of the partioular amphibole. The final step is 
to Bean ehe ~ of %he elements dealt with by prefixes to finally obtain a 
whioh implicitly or explioitly oonveys an indloat~n of the oomposition with tee- 
peer %0 no less than 19 variables -- Hi, AI~, A.I , FeS, (Na+K)A , NaB, Ca, Ti,iF , 
01, K, ,a, ~, Zn, C~, Pb, OH, 0 and ~/(Ye +~). Althou~ it would appear T~m~ 
very io~ and emabex~ome names would be eomaon, the reverse is true beoause the 
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Fig.3 CALCIC AMPHIBOLES; (Ca+ NO)B ~ 1.34; NaB <0"67 
A. (Ns + K)A< 0.50! Ti'< 0.50 
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H C ~ B L ~ I ~  

MAG]~SIAN 

HASTINGSITIC 

H O R I 4 B L ~ I ~  

HDI~3L~I~  

MAD~SI0-HASTINGSITE 

MACNESIAN HASTINC~ITE 

E~STINGSITE 

O. 5( 

K~]~SOTITE 

6.50 
L 

6.25 
i 

6.00 
| 

5.75 
I 
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prefixes are only used for unusual compositions and  so over 80%of the available 
analyses in this group give names cont~ng two or fewer adjectives, including 
adjectives which form part of the fundsmental .~m~. 

Special p~efixes for the caloio amphibole ~oup 

Alumino when AI VI ~ 1.00 
Sod/~n when Na ~ 1.00 (about 3.5%Na20 ) 

Suhcaleio when Ca �9 1.50 (about 9o~Ca0) 

The coT~sitions of the two tscherms~t~e end-members, one with A1 VI and the 
other with Fe , can be clearly indicated and the prefixes ferri- or a1,,m~no- are 
in practio~dropped for most, but not all, natural tsohe~tes because neither 
Fe 2 nor Al reach or exceed 1.00. With %soherv~te, tsoher.~tio hornblende, 
ferro-tscherm-k~te and ferro-tsoher.~tio hornblende, al,,m~no- and ferri- 
inanediately precede the word techerm~te, e.g. ferro-al,,mino-tscherm-~te. 0them- 
wise the order in which prefixes are used is not fixed. Neither fezTi-- nor fezTian 
should be used with hastingsite because hastingsite implies high Fe ~+. 

The problem of what to call amphiboles that have Si and, or, (Na+K)A in 
excess of that contained in compositions between tremolite and edenite has not been 
satisfactorily resolved. Such amphiboles plot near the back left-hand bottom 
corner of ~ig. I and have compositions that fall outside the theoretical range of 
possible substitutions. However, as some such compositions exist it is suggested 
that they be prefixedp silioic if 8i exceeds 7.25 when (Na+K)A~ 0.50 but for the 
compositions involved in which (Na~K)A �9 0.50 no special name is proposed as these 
compositions are quite close to the names given in Fig. 3A. 

This section was approved by13 votes for and 0 against. 

4. Sod/c-caloie Amphiboles 

This @~oup is ~efine~ as monoclinic amphiboles in whioh (O~+Na)B~ 1.34an~ 
0.67�9 Genez~lly 0.67<0a B <1.~4. 
En~ Members 

Richterite 

Ferro-richterlte 

Ferri-winohite 

Al~-.~-o-winohite 

FexTo-all,m~no-winchite 

FexTo-ferri-winohite 

Alumino-balTolsite 

FelT0--alnmlno-hTalTOislte 

FezTi-barrolsi%e 

Ferz~-ferri-baZTolsite 

Nagneeio-fezTi-ka%ophozi%e 

Ns4@lesio-s/,~.Ino-k~%ophori%e 

NaOaNa/~sSi8022(OH) 2 
N,,C~e~SisO22(0H) 2 
0aNaMg4Fe3Si8022(0H) 2 

OaNaMg4A1Si8022(0H) 2 
CaNaTe~A1Si8022(OH) 2 

CaNa~e4~e3SieO22(0H) 2 
o,~,~3AZ2Si~zo22(o~) 2 

CaNaMg~Fe~Si~022(0H) 2 
C  e e Si 02 (0 )2 
NaOaNaZ~4Fe3SiTAlO22(OH) 2 

N~a~4AZSi~022(OH) 2 



544 I N T E R N A T I O N A L  M I N E R A L O G I C A L  A S S O C I A T I O N  

1.00 

T 0.50 

Mg+ Fe 2 

0.00 

Pig. 4. S0DIC - CALClC AMPHIBOLES 

(0a,+Na)B>/1.34! Na B between 0.67 and 1.34 

A. (Na+K)A< O. 50 

Si in the standard cell 

8.00 7.50 7.OO 6.50 6.OO 

Winchite 

l~erEo- 
winchite 

Bar~oisite 

Ferro-barroisi%e 

M~ 

~ + : F e  2 

1.00 

0.50 

0.00 

B. o .50  

Si in the standard cell ) 

8.00 

Richterite 

zlchtezite 

7.oo 

M84~esio-katophorite 

Katophorite 

6.00 
I 

Magnesio- 
tarmm~ te 

Tazamite 
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 %0phorlte     s e3Si 022(0H)2 
AlmKino-ka%o phorlte NaCal~2e~AiSi~022 ( 0H ) 2 

Ma~ne slo-felTi-%aramlt e NaCaNa~sFe 2~S16A12022 ( 0H ) 2 

AI~-.~ -o-taramite gaCaN8 Fe~AI2Si6AI2022 (OH) 2 

Magnesio-a/,rm~-o-tmmamite NaOaNal~3.A12Si6A12022 (0H) 2 

_L~m1~s for use of end member names ~nd nomenclatures of the ~roup 

The nomenclature of the group is tabulated in Fig. 4. Asslgnment of %he 
name is as follows: if (Na+K)A < 0.50 go %~Fig. 4A o%herwise to Fig. 4B. Si, 
then the r~%io M~(Fe2+Mg), and then the A1 v• a~ Fe ~ values decide the funda- 
men%al name of the amphibole. Analyses wi%h Alvx~ > 1.00 or FeP -~I.00 have in %he 
name al,--Ino- or ferri- respectively. The final step is dealt with by oonsidez~ 
the prefixes alrea~ given plus that given below whioh then ~ives a name whioh 
i m p l i c i t l y  or explioitly oonveys an indication of the oomposition with respect to 
15 variables. 

.Speoial prefix for the so~c-calcic amphibole group 

AI,~-, when A1 VI -> 1.00 

The words al ,~.~o- and f e r r i -  ~.~ediately precede the ~-~-~u%al  amphibole 
name ( i . e .  the noun) otherwise the o~der in  whioh the l~Tefixes ere used is  not f i xed  

This section was approved by 10 votes for, 2 ag-~n-t and I abstention. 

This group is 6efined as monoolinic amphiboles in whloh N~ ~ I.~4. 

End Members 

Glauoophane 

Ferro-glaucoph~ne 

Magnesio-riebeokite 

Rlebeckite 

Eckermanni%e 

Ferro-eckermanuite 

Magne sio-arfvedsonite 

Arfvedsonite 

Kozulite 

 . 3 2siso22(oa)2 
N' e  2SisO22(OH)2 
"  3Fe Sie022 (~ 2 

Na~a2M~4AlSis022 (OH) 2 

Nal{a#e~A1Si8022 (OH) 2 

NaNa~4Fe3Si8022 (0H) 2 

N a ,4 e3S%O22(OH) 2 
Na/~n4(Fe3,  A1 ) 8i8022 (OH) 2 

T4m~%S for use of end member ~J,es 

The nomenola%ure of the g~oup is %abula%ed in Fig. 5. Three factors deoide 
which fundamental ---~ applies; the (Na~K)A values (Fig. 5A or 5B) then the ratio 
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0.00 
0.00 

l~ig. ~. AT,gAT.I J~TIT'RO~ 

A. (Na+K) A >. O. 50 

0.50 1.00 

0.50 

~ +  ~2  

1.00 

PezTo-eokemannite 

F~ke~.-ym~ t e  

ATfvedsonite 

(Kozulite, if Mn in formula- 
position 0 ~ 2.50) 

Ma~nesio-a~fVedsonit e 

Fe3/CFe3+A1 vt )  

Mg+ Pe 2 

O.00 

o.5o 

1.00 

0.OO 0.30 

Yel~O - 

glauoopbane 

~ophane 

Cz~ssite 

0.70 

Riebeokite 

Ma~nesio- 
riebeukite 

1.00 
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FO3/(FO3+~W) and thirdly the ratio ~/(pe2+~). The final step le dealt with 
by the prefixes already given together with those given below and 16 variables 
are implicitly or explicitly conveyed by the ~ -- Si, Ca, Ti, F, CI, K, Li t 
~, Z~, Cr, OH, O, Pe3/(Fe3+AI~), ~, PeZ/(pe +~) and (~+K)A. ~,~U~ is 
newly described (Nambu etal., 1969). 

Special prefixes for the alkali amphibole ~roup 

Calcian when Ca-> 0.50 (about ~% CaO) 

Lithian when Li _~ 0.50 (about 1.0~ Li20 ) 

The optical variaticns in this group ar~ so complex and so irregularly related 
to composition that no forms/ recommendations regarding them are made at this time. 
The optical orientations may be indicated conveniently and precisely following 
Borgts (1967) method by prefixing the symbol G, C, 0 or R for the four different 
orientations if it is required to emphasize this aspect. 

This section was approved by 12 votes for, 0 against and 1 abstention. 
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6. Formal Resolutions ~dqp$in~ the Proposed Amphibole Nomenclature 

Throushout, roman superscripts refer to oo-ox~nation numbers and arabic 
s u p e r s c r i p t s  t o  c h a r g e s .  

1.  Fo r  t h e  p u r p o s e s  o f  t h e  f o l l o w i n g  r e s o l u t i o n s  t h e  s t a n d a r d  amph ibo le  f o r m u l a  
i s  t a k e n  t o  c o n t a i n  8 t e t r a h e d r a l  s i t e s  and  t h e  g e n e r a l  f o  ~m o f  t h e  s t a n d a r d  
formula is: 

A0_ 1 B 2 C~ T8 IV 022(OH,F,Cl)2 

In %he calculation of %he standard amphibole fox~mzla the following 1 ~ o o e d ~  
is recoIl~mded: 

(I) If the water and ~logen contents are well established, oz if there is 
physical evidence t h a t  ~e amphibole is an ox~-amphlbole~ the for ~,l- 
should be ~loulated to 24(O,GH,F,C1) 
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(2) If the w~ter plus halogen content is uncertain the formula should be 
calo~ted on a w~ter-free (and halogen free) basis to 25(0) and 
2(0H,F.CI) assumed. 

(5) Sum T to 8.00 using Si, then AI, then Or 5, then Fe 5, then Ti 4. 

(4) Sum 0 to 5.00 using excess AI, Or, Ti, Fe 5 from (2), then ME, then Fe 2, 
and then Mn. 

(5) Sum B to 2.00 using excess Fe 2, Mn, ME from (5), then Ca, then Na. 

(6) Excess Na from (5) is assigned %o A, then all K. To%~l A should be 
between 0.00 and 1.00, inclusive. 

The iron-ma~nesium-.~ns amphiboles are amphiboles defined by possessing 
(C~+Na) B �9 1.54 in the standard foznml~. 

The formalised end-member formulae for the orthorhombio members are ms 
follows. 

5.1 Ma~ne s i o - a n t h o p h y l l i t e  

5.2 F e r r o - a n t h o p h ~ l l i t e  

5.5 Sodium an thoph~ l l i t e  

5.4 Ma~nesio-gedmlte 

5.5 FelTo-~edrite 

5.6 Sodium gedrite 

5,7 Magne sio-holmqulstite 

5.8 FexTo-holmquistlte 

4.1 

4.2 

METsiso2a(o~)2 
Fe~Sis022(0H) 2 

Na(Mg,Fe2)7SiT~(0H) 7 

MES~2SI6AZ2022(0S)2 
~e~2Si6~2022(OH)2 
~(ME,~e2)6nSi6n2% 2(o~)2 
~a~3~2SI~O22(0H) 2 
~e~Si~O~a(0H) 

Ms4~eslo-anthoDhyllite is to be used for orthorhombio amphiboles chemically 
defined with ~espeot to the standard formula as follows: 

(Oa+~a)B< 1.34; Li<1.00; si~_7.oo; M~(M&~pe2) ~- 0.90. 

Anthoph~llite is to be used for orthorhomblo amphiboles chemically defined 
with respect to the standard formula as follows: 

o(Ca~N.~)B< 1:34! Li<l.00; Sl TM- %00; Ma/(ME+Pe 2) between 0.10 and 
.~> inclusive e 

4.~ FezTo-anthop~Z]~Lte i s  %o be used fo~ oz~orhombic a=pktboles ohe~cal ]~ 
defined wi th respect %o ~ e  s ~ a ~ l  foz~Lla as fo l lows:  

(Ca+Na)]3<1.541 "r,~<l.00; Si-~7.00; t,~(ME~-Fe2)<0.10. 
4.4 Ms4~nesio-~edri%e is to be used for ozthorhomblo amphiboles chemically 

def ined with  r~speo% to  the standard formula as follows: 

(C~+Na)B<1.34 ! Id.<1.00; Si<7.O0; ]v~/(]~'+Fe2)- TM 0.90. 

4.5 ,~edrite i s  to  be used f e z  ozthorhombio amphiboles chemical ly  def ined  wi th  
r e spec t  %0 the s tandard fozmu~ as fo l lows :  

(Ca+1~<1.34! Li<l.00! Si<7.00! M~(M~Fe 25 between 0.10 and 
0,89 i nc lus ive ,  
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4.6 FezTo-Kedrite is %o be used for orthorhombio amphiboles chemically defined 
with respect to  the s%andsmd formula as follows: 

( r  ~ Li<l.00! Si<7.00! M~/(Mg+Fe2)<0.10. 

4~ Ma~nesio-holmquistite is to be used for oz%horhombio amphiboles ohemio~lly 
defined with respect %o the standard formula as follows: 

(Oa+Na)B< 1.34; Li-~ 1,00; M~(ME+Fe2) z 0.90. 

4,8 ~er~o-holmquistite i s  to be use& for  orthorhombic amghiboles ohemioally 
defined with respect to the standard fbrmula as follows: 

(Ca+Na)B< 1.34~ L.i- -~ 1.00! Eg~(l'~+Fe2) < 0.10. 

�9 4.9 Holmquistlte is to be used for orthorhombio amphiboles chemically defined 
with respeot to the standard formula as follows: 

(Ca+Na)B< 1.)4! Li > 1.00; ~/(M&~Fe 2) between 0.10 and 0.89 inclusive. 

5~ The prefix sodium is %~be used within the orthorhombio amphibole group for 
amphiboles with I~-~ 0.50 in the s%mndard formula. 

5.2 The prefix alumino- is to he used within the anthoph~llite subgroup for 
amphiboles with AIVI-~0.50 in the standard formula. 

6~ The formalised end-member formulae for the monoolinio members are as follows: 

6.1 Ma~ne sio-m,-~4 n~onite M~Bi8022(0H)2 

6.2 Grunezlte Fe~Si8022(0H)2 

6.) Magne sio-clinoholmquis tits Li~r 2 

6.4 PexTo-olinoholmquistite Li~e)A12Si8022 (0H) 2 

6.5 Tirodite Mn~495Si8022(0H) 2 

6.6 Dannemorite Mn~esSi8022(0H) 2 

7.1 Ma~nesio-c1=.m!n~onite is to be used for monoclinio amphiboles chemioslly 
defined with respect to the standard formula as follows: 

(Ca+"a)B< 1.34, Li< I.~ Mn~0.50, ~/(~+Pe2)- ~ 0.70. 

7.2 ~m..~onite is to be used for monoolinio amphiboles ohemioally defined 
with respect to %he standard formula as follows: 

(Ca+Na)B<I.34 ! Li<1.00! Mn<O~ M~(Mg+Fe 2) between O.5Oand 
0.69 inclusive. 

7.) Grunerite is to be used for monoolinio amphiboles chemically defined with 
respeot to the standard formula as follows: 

(Oa+Na)B<1.341 m<1.00, ~<0.50~ ~/(~Fe2)~0.30. 

7,4 Ms~esio-clinoholmquistite is to ~e used fo~ monoclinic amphiboles ohemioally 
defined with respect %0 the s%andsmd formula as follows: 

(Ca+~)B<I.)4~ mZl.0o~ ~/(~eZ)z 0.90. 

549 
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7.5 Ferro-clinoholmquietite is to be used for monoclinic amphiboles chemically 
defined with respect to the standard formula as follows= 

(ca+~a)~<1.34! ~iZl.O0~ ~/(~+Fe2)~0.10. 
7.6 Clino-holmquistite is %0 be used for monoollnio amphiboles o h e m i o a l l y  

defined with respect to the standard formula as follows= 

(Ca+Na)B<I.34 | Li~J.O0~ ~/(Mg+Fe 2) between 0.10 and 0.89 inclusive. 

7.7 Tit, dire is to be used for monoolinio a~phiboles chemically defined with 
z~spect to the standard formula as follows= 

(Ca+Na)B<1.34! m<l.00~ ~n~0.50~ ~/(~+~e2)<0.50. 
7.8 IMumemorite is to be used for monoclinio amphiboles chemloally defined with 

respeo% to the s%andamd formula as follows= 

(Ca+Na)B<l.34 ! L i ~ l . 0 0 !  Mn~0.50~ M4D/(M&'+Fe2)~0.50. 

8.1 The prefix sodian is to be used within the monoolinio iron-magnesium- 
~ese amphiboles when Na~ 0.25 in the standard formula. 

8.2 The prefix calolan is to be used wi%h~ the iron-magnesium-.~ms amphi- 
boles when Ca~ 0.50 in the s%~-d~d formula. 

. 

10. 

The calclo amphiboles are monoclinic amphiboles in which the s-~mdax~l formula 
contains (Ca+Na)B~ 1.34 and Na3<0.67. U s u a l l y  O•Z1.)4. 

The for-~sed end-membez formulae are as follows= 

10.1 T z'emolite 

10.2 FezTo-a o t i no l i t e  

10.3 Edenite 

10.4 Ferro-edenite 

10.5 Pargaslte 

10.6 FexTo-pargasite 

10.7 Hastingsite 

10.8 Magnesio-hastingsite 

I 0.9 Tscher.~ te 
(Al,,m~ no-tsoher.~]~ re) 

10. I0 Ferro-al,,m~ no-tscherm-~4 te 

I0.11 Perri-tscher.~ te 

10.12 FexTo-ferri-tscher-~t~ %e 

10.13 Magnesio-hornblende 

10.14 PexTo-hornblende 

0a  Si8022(0 )2 
2 

Ca~e58i8022 (0H) 2 

N C, sSi 022(OH)2 
NaCa~e~Si7A1022 (OH) 2 

NaOa~4A1Si6A12022 ( OH ) 2 

 ,O,2Fe  Si6 2022(OE)2 
  Ca e4 e38i6 2022(08)2 
 aC  4 e38i6 2022 (OH) 2 
Oa~E3AI2Si6AI2022 (OH) 2 

Ca e AI28i6AZ2022(OH)2 
Ca~31~e~2Si6A12022 (OH) 2 

Oa~e~e2~Si6A-12022 (OH) 2 

Ce.21v~4A.1.Si,./A.1.0 2 2 ( 0H ) 2 

Ca e  Si 022(0")2 
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10.15 Eaersu t i te  NaCa~4g4TiSi6Al2 (O+OH) 24 

10.16 Ferre-kaersutlte NaCa2Fe4TiSi6A12(O+OH)2 4 

11.1 Tremolite is to be used for amphlbelee ohemios/ly defined with zespeot to 
the standard formula as follows: 

(Ca+Na)B~- 1.34; NAB<0.67; (Na+K)A<0.50| Si-~7.50| M~(Mg+Fe2)>-0. 

11.2 Aotinolite is to be used for amphiboles ohemioally defined with respeot to 
the standard formula as follows: 

(Oa,~Na)aE1.341 Na~<0.671 (Na+K)A< 0.50t 8i->7.50! ~/(Ms'+Fe 2) 
between-0.50 and 0~.89 inclusive. - 

11.3 FezTo-actinolite is to be used for amphiboles ohemioally defined With respeot 
to the standard formula as follows, 

(Ca+Na)B~1.34! NAB<0.67! (Na+K)A<0.50I 8i->7.50t Ng/(M4+Fe2)<0. 

11,4 Tremolitic hornblende is to be used for amphiboles chemically defined with 
respect to the standard formula as follows: 

(Ca+Na)~->1.34! Na~0.671 (Na+K).~0.50! M~/(M~+Fe2)Z0.901 
Si between 7.25 and-7.49 inolusive. A 

11.5 Aotinolltio hornblende is %o be used for amphiboles chemically defined with 
zespeot to the standard formula as follows: 

(Oa+Na)~->1.341 Na~<0.671 (Na+K)A-:0.50 ! M~(M~+Fe 2) between 
0.50 an~ 0.89 inclusive -rid Si between 7.25 and 7.49 inolusive. 

11.6 FerTo--aotinolitio hornblende is to be used for amphiboles ohemioally defined 
with respect to the standard formula as follows: 

(Ca+~a)~- > 1.34~ Na. ~o.671 (~a+K)A<0.501 ~/(~Pe 2) ~ 0.501 
Si betwSen 7.25 and-7.49 inolusive. 

11.7 Ma~nesio-hornblende is to be used for amphiboles chemically defined with 
teepee% %o the standard formula as follows: 

(Ca+Na)~ ~- 1.341 NAB<0.671 (Na~K)A":0.501 M~/(M~+Fe2) -> 0.501 
Si betwSen 6.50 and 7.24 inclusive. 

11.8 Ferro-hornblende is to be used for amphiboles ohemioally defined with respeo~ 
to the standard foxmmla as follows: 

(Oa+Na)~_ ~ 1.34t NaB< 0.67! (Na+K)A~r0.50! Ng/(N~+Fe2)<0.50! 
Si between 6.50 and 7.24 inclusive. 

11.9 Tsoher.-~-~tlc hornblende is to be used for amphiboles ohemioally defined 
with respect to the standard formula as follows: 

(Ca+Na)~-~1.34! Nan--0.67! (Na+K)A<0.50 ! M~/(Mg+FeZ)zo.501 
8i between 6.25 ands6.49 inclusive I Ti<0.50. 

11.10 FexTo-tsoherm~tio hornblende is to be used for amphiboles chemically 
defined with respeot to the s%~-d-~d formula as follows: 

(c.,.~,),~ ~,< 0.671 (Na+K)A~: 0.501 M~(M@~Fe2) ~ 0.501 1 
Si between 6.25 an~6.49 inelusivel Ti<O.50. 

55I 
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11.11 Tsohez~ .~ t e  i s  to be used fo r  amphibeles ohemically def ined with respeot  
to the s t -ndard  formula as fo l lows |  

(Ca+Na)B~1.34! N%<0.67; (Na+K)A<0.50; M~(Mg+Fe2)~0.50; 
Si<6.25; Ti~0.50~. 

11.12 F e r r o - t s o h e r . ~ t t e  i s  to be used for  amphiboles ohemioally def ined with 
zespeot to the s%andazd formula as follows: 

(Ca+Na)B~1.34; NAB<0.67; (Na+K)A<0.50! M~(M~+Fe2)~0.50I 
Si~6.25; Ti<0.50. 

11.13 Edenitw i s  %o be used fo r  amphiboles ohemios//.7 def ined with respect  to the 
s + ~ n d ~  formula as follows~ 

(Ca+Na)B~ 1.34; ~a BN <0.67! (Na+K)K~ 0.50; M&/(Mg~Fe2) z 0.50; 
Si between 6.75 .ad7.25 inclusive. 

11.14 Fer ro -eden i t e  i s  to be used fo r  amphiboles ohemioe/17 def ined with zespeot 
to %~e s~m~dard formula as follows: 

(Ca+Na)~1.34; Na~<0.67; (Na+K)a~0.50; M~(M~Fe2)<0.50; 
Si between 6.75 andS7.25 inolusive.~ 

11.15 Edeni%i 9 hornblende is to be used for amphiboles ohemloally defined with 
zespeot to the standard formula as follows| 

(Ca+Na)=~ 1.34; Na=<0.67; (Na+K)A~ 0.50; M~(Mg+Fo2)~0.50; 
Si between 6.50 andS6.74 inclusive, 

11.16 Ferzo-edeni~h~hornblende is to be used for amphiboles ohemioally defined 
with respeot  to the s%andaz~fozmula as follows: 

(Ca+Na)=Z 1.34; Na.<0.67; (Na~K)A~ 0.50; ~/(M4+Fe2)<0.50; 
Si between 6.50 andS6.74 inclusive. ~ 

11.17 l~x~asitio hornblende is to be used for amphiboles chemically defined with 
zespeot to the standard formula as follows: 

(Ca+Na)~ 1.34; NAB<0.67; (Na+K)AZ 0.50; M~(M6• 
Si between 6.25 and 6.49 inolusive; Ti<0.50; Fe)~AI '~. 

11.18 Ferzoan pex~asitlo hornblende is to be used for amphiboles chemically def ined 
with respeot  to the s tandard formula as fo l lows:  

(Oa+Na~>1.34; NAB<0.67 | (Na+K)A~O.50; M~(M~+Fe 2) between 0.30 
and 0.69_inolusive; SI between 6.25 and 6.49 inolusive; Ti<0.50; 
F e ~ A 1  v I .  

11.19 Paz~asite is to be used foz amphiboles ohemloallydeflned with respect to 
the s ~ a n ~ l  formula as follows: 

�9 341 NaB< 0.67! $.~a+K)A~ 0.501 M~/(MS'+Fe2) ~ (c~)~ 1 0.701 
Si~6.251 Ti<0.50! Fe)~AI . 

11.20 ]NnToan Pax~t%e i s  %o ~e used f o r  amphiboles ohemioal].7 def ined with 
zespeot to the s t a n d a ~  fozmula as fo l lows:  

(C~I~ia)B~lo)41 ~ ' : 0 , 6 7 1  (Na+K)A~0.501 ~ / ( l ~ F e  2) be tween0 .30  
and 0.69 i no lua ive !  8 i<6 .251  T i~0 .501  P e ~ A 1  'A. 
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11.21 

11.22 

FexTo-par~asite is to be used for amphiboles obemically defined with respeot 
to the standard formula as follows: 

(c~+~a)~-~1.~4! ~%<0.67~ (N~+~)A~0.50! ~/(~+~e2)<0.~; 
Si<6.25! Ti':0.50~ FeS~<Al vl. 

Ma4~neslo-hastin~sitlo hornblende is to be used for amphiboles chemioally 
defined with respect %0 the standard formula as follows: 

(Ca+Na)~ -> 1.54; Nsm<0.67; (Na+K)a -> 0.50; M~/(M~+Fe2~-~0.70; 
Si betwSen 6.25 ands6.49 inclusive|- Ti<0.50; FeP>AI'A. 

11.2~ Magnesian hastin~sitic hornblende is to be used for amphiboles chemically 
defined with respect to the standard formula as follows: 

(Ca+Na) -~ 1.34! N <0.67~ (Na+K)A -> 0.50! Mg/(Mg+Fe 2) between 0.30 
an~ 0.6~ ino lus ive~ Si between 6.25 and 6.49 inolusive! Ti<OoSO! 
Fe ~> AIVI. 

11.24 Hastin~sitic hornblende is to be used for amphiboles ohemioally defined with 
respect to the standard formula as follows: 

(Ca+Na)B->1.34; Na~<0.67; (Na+K)A_~0.50; M~/(Mg+Fe2)<0.30! Sl 
between 6.25 and 6.~9 inclusive| TT":O.50; Fe~3"AIVI, 

11.25 

11.26 

11.27 

Maamesio-hastin~site is to be used for amphiboles ohemically defined with 
respect to the standard formula as follows= 

(ca+,a)~->1.34, ,%<o.~7, ~a+K)A->0.50, ~/(~+~e2)Z0.70, 
Si*~6.25! Ti~0.50; Fe~>AI "~. 

Ms4nesian h~stln6~ite is to be used for amphiboles ohemioally defined with 
respeot %o the sta~ds~d formula as follows: 

(Ca+Na)~_>1.~4! NAB<0.67; (Na+K)A>_.0.50 , ~/(M~Fe 2) between0.~0 
and 0.69 inolusive! Si~6.25! Ti~0.50! 1~e~'~Al 'A. 

Hastina~ite is %o be used for amphiboles chemically defined with respeot 
to the sta~d-~d formula as follows: 

(c~+,a)~-~1.34; N%~o.~, (~+K)AZ 0.50, ~/(~+~.2)~0.30, 
Si<6.2~! Ti~0.50; Fe/~='AI '~. 

11.28 Kaersutite is to be used for amphiboles ohemioally defined with respect to 
the standard formula as follows: 

(Ca+Sa)B>1.34! Sa3<O.67; Mg,/(Mg+Fe2)->0.50; Si<6.50; TiaO.50. 

11.29 Ferro-kaersutite is to be used for amphiboles chemically defined with respect 
to the standard formula as follows= 

(Ca+Na)B~1.34; N~<0.67; M~(Mg+Fe2)<O.50; 81<6.50; Tik0.DO. 

12.1 The prefix suboaloio is %0 be used within the oaloio amphibole group for 
amphiboles with Ca<1.50 in the standard formula. 

12,2 The prefix al~mlno- is to be used within the oalolo amphibole group for 
amphiboles with A1 in six fold oo-or~tvu~tion->l.00 in  the standard formula. 



554 

12.3 

I N T E R N A T I O N A L  M I N E R A L O G I C A L  A S S O C I A T I O N  

The prefix sod/an is to be used within the oaloio amphibole group for 
amphiboles With Na~ 1.00 in the s~ndard formula. 

12. 4 The prefix silicio is to be used within the caloio amphibole group for 
amphiboles with Si> 7.25 when (Na+K)A->0.50. 

13. The sodio-calcic amphiboles are monoclinic amphiboles in which (Ca+Na)B>-1.34 
and N~ is between 0.67 and 1.33 inclusive. 

14. The formalised end member foz~lae are as follows: 

14.1 AI,"~ uo-winchite CaNaMg~A1SisO22(OH) 2 

14.2 Ferro-al,-.~ -o-wi~hi te  CaNa~e~A18i8022(0H) 2 

14.3 FezTi-winchite CaNaMg4Fe 38i8022 (0H) 2 

14.4 Fez~-fezTi-winchite CaNaFe4~e38i8022 (0H) 2 

14.5 Al"m~ ~o-bazz~isite CaNa~3A128i~022 (OH) 2 

14.6 Perro-al,-,~ -o-barroisite CaNaFe~AI2Si~022 (0H) 2 

14.7 ZezTi-hazzoisite Ca~aY~3Fe32Si~022 (OH) 2 

14.8 ,ezTo-ferzl-barz~isite CaNa~e3~e328i~022 (OH) 2 

14.9 Rlohterite NaCaNaMgsSi8022(0H) 2 

14.10 FezTo-richterite NaCa/~s2e ~8i8022 ( 0H ) 2 

14.11 Magne sio-ferri-katophorite NaCaNaMg4Fe 38i?i022 (OH) 2 

14.12 Masme sio-a] ,-.~ -o-katophox'ite NaCaNa%4A1Si~022 (OH) 2 

14.13 Alumino-katophorite NaCaNs.Fe~AISi~022 ( 0H ) 2 

14.14 FezTi-katopho=it, NaCa~]a~e4~eSSi~022 ( 0H ) 2 

14 15 Fe=i N   e e Si6 2022(0 )2 
14.16 Ma~mesio-ferri-%aramite NaO&NaMg3Fe 238i6A12022 (OE) 2 

14.17 Alumino-~aramite NaCaNaFe~A128i6A12022 ( OH ) 2 

14.18 Magne sio-al, vm~ -o-~mramite NaCaNa~2Si6Al2022 ( OH ) 2 

15.1 Winchite is to be used for monoolinic amphiboles chemically defined with 
respeot to the s~andard formula as follows: 

(Ca+Na)B~-1.34 ! Na~ between 0.67 and 1.33 inolusive| (Na+K)A<0.50 | 
s i z  7.50| ~/(~+~2).> 0.50. 

15,2 Ferro-winohite is to be used for monoolinio amphiboles chemioally defined 
with zespeot to %he standaz~ fozmmla as follows: 

(Ca+Na)B~-1.34! N~ between 0.67 and 1.33 inolusive! (Na+K)A~ 0.50~ 
Si> 7.50! MC/(l'~+FeZ)<0.50. 
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15.3 Barroisite is %o be used for monoclinio amphiboles ohemically defined with 
respect to the standard formula as follows: 

(Ca+Na)~_~1.54~ Na~ between 0.67 and 1.33 inclusive! (Na+K)A<0.50 ! 
D 2 

8 i r  M~/(I~Fe )>0.50. 

15.4 Ferro-barroisite is to be used for monoellnic amphiboles ohemieally defined 
with respect to the standard formula as follows: 

(Ca+Na)- E 1.34; NaB~between 0.67 and 1.33 inclusive; (Na+K)A<0.50; 
si<7.58, ~ / (~+Fe~)  ~ o.5o. 

1.5.5 Riohterite is to be used for monoolinlo amphiboles ohemioally defined with 
zespeot to the standard formula as follows: 

(Ca+Na)B-> 1.34; Na. between 0.67 and 1.33 inolusive! (Na+K)A-> 0.50! 
Si~7.501 Mg/(Mg+F'~ 2) ->0.50. 

15.6 Ferro-riohterite is to be used for monoollnio amphiboles ohemioally defined 
with respect to %he standard formula as follows: 

(Ca+Na)RE1.54! NaB~between 0.67 and 1.33 inclusive! (Na+K)A-> 0.501 
si-> 7.55~ Ma/(M~+Fe~) ~0.50. 

15.7 Masneslo-kat0phorite is to be used for monoelinio amphiboles ohemleally 
defined with respeot to the standard for,,,1- as follows: 

(Ca+Na)B-> 1.34; Na~ between 0.67 and 1.33 inclusive! (Na+K)A> 0.50! 
Si between 6.50 an~7.49 inolusive! l~;/(Mg+l='e2)ZO.50. 

15.8 Katophorlte is to be used for monoollnio amphiboles ohemioal ly  de f ined  with 
respect to the standard formula as follows: 

(Ca+Na)BEI.34 ! Na~ between 0.67 and 1.33 inclusive! (Na+K)A-~0.50! 
Si  between 6.50 and=7.49 i n c l u s i v e !  ~ ( M s ~ F e  2) ~ 0 . 5 0 .  

15.9 Ma~nesio-taramite is to be used for monoclinlo amphiboles ohemioally defined 
with respect to the standard formula as follows: 

(Ca+Na)B->1.341 Na~ between 0.67 and 1.33 inclusive! (Na+K)A->0.50! 
si< 6.5o, ~/ ' (Me,~2)  -> o.5o. 

15.10 Taramite is to be used for monoelinio amphiboles chemically defined with 
respeot to the standard formula as follows: 

(Ca+Na)B-~1.34 ! Na~ between 0.67 and 1.33 inolusive! (Na+K)A-> 0.~O! 

si<6.5o! ~/(~+re2) ~o.5o. 

16. The prefix al,~uo- is to be used within the soda oaloio amphibole group 
when AI in six fold oo-ordinationk 1.00 in the standard formula. 

17. The -1~-II amphiboles are monool~,~o amphiboles in whioh N~->1.34. 
18. The formalised end m~mboz fozmulae are as follows: 

18.1 Glauoopha~e Na~g~2SisO22(OH) 2 

18.2 l~rm>-,~*~OOla~ae Na.2Fe ~JL12Sie022 ( 1~I ) 2 
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18.3 Masmesio-riebeckite Na~g3Fe23Si8022 (0H) 2 

18.4 Riebeokite Na~e~e238i8022(0H)2 

18.5 Ecker.uznn~ te NaNa~g4A18i8022 (0H) 2 

18.6 Te~eokezmanmite NaNa~e~AiSi8022 (0H) 2 

18.7 Ma~ne sio-a~fvedson-Lte NaNa~494Fe}Si8022 (0H) 2 

18.8 Azfvedsonite NaNa~e4~e}Si8022 (OH) 2 

18.9 Kozulite Ne/~a~4Fe }8i8022 ( 0H ) 2 

19.1 Glaucophane is to be used for amphiboles chemically defined with respeot 
to the standard formula as follows: 

N%-~1.34! (Na+KIA< 0.50! Fe21(Fe2*ME) <0.50; Fe31(Pe3+AIVI)~0.30. 

19.2 FezTo-~lauoophane is to be used for amphiboles ohemioally defined with 
respect to the standard formula as follows: 

N~->1.34! (Na+K)A~0O50! Fe2/(Fe2+Mg)-~0.50! Pe3/(Fe~+AIVI)<0.30. 

19.3 Orossite is to be used for amphiboles chemically defined with respect to 
the standard formula as follows: 

->1.34! (Na+K)A<0.50 ! Fe3/(Fe3+Al VI) between 0.30 N and 0.69 
~nal~olusive. 

19.4 ~esio-riebeckite is to be used for amphiboles ohemioally defined with 
respeot to the standard formula as follows: 

N% -~1.34! (Na+K)A~0.50; Fe2/(Fe2+Mg) <0.50! Fe3/(Fe3+AI VI)-~0.70. 

19.5 Riebeokite is to be used for amphiboles chemically defined with respect to 
%he standard formula as follows: 

NABS1.34! (Na+E)A~O.50! Fe2/(Fe2+Mg)->0.50l Fe3/(Fe3+AiVI)-~0.70. 

19.6 Ecker.u~nn~te is to be used for amphiboles ohemioally defined with respect 
to the standard formula as follows: 

Na3~ 1.34! (Na+K)A-> 0.50! Fe2/(Fe2+Mg)~0.50! ~e3/(Fs3+AI VI)":0.50. 

19.7 FezTo-eckermannite is to he used for amphiboles chemically defined with 
respect to the standsrd formula as follows: 

N~ 1.34! (Na+K)A~ 0.50! Fe2/(Fe2+Mg) ~0.50! Pe3/(Pe3+Al VI) ~0.50. 

19.8 Ms~nesio-arfVedsonite is to be used for amphiboles chemically defined with 
respect to the standard formula as follows: 

Ne~1.34! (Na+K)A-~0.50! Fe2/(pe2+Mg)<0.50! Fe3/(Fe3+A1VI)-~0.50. 

19.9 Az~tedsonite is to be used for amphiboles ohemioally defined with respect 
to the s%andaz~ fo~mz.lA as follows: 

~ Z 1.34, (~Z)A-~ 0.50, ?e2/(pe2~)~ 0.501 p,~/(p,3+~)_> 0.50, 
< 2,50, 



19.10 

20.1 

20.2 

21.  

N O M E N C L A T U R E  OF A M P H I B O L E S  

K o z u l i t e  i s  to  be  u s e d  f o r  a m p h i b o l e s  c h e m i c a l l y  d e f i n e d  w i t h  r e s p e c t  to 
the standard formula as follows: 

NaB~ 1.34| (Na,+K)AZ 0.501 Mn2/(Ms+Fe2+~-2) > 0.33! Fe3/(AIVI+Fe3)Z 
0.50! M%~2;5o. 

The prefix oalcian is to be used wi~h~n the ~1~1i amphibole group for 
amphibolee with Ca~ 0.50 in the standard formula. 

The prefix lithian is to be used within the alkali amphibole group for 
amphiboles with Li~ 0.50 in the standax~formula. 

The following are specified prefixes for the whole amphibole group in terms 
of contents in the standard formula. 

21.1 chief when 

21.2 chromium when 

21.3 ohromian when 

21.4 ferri when 

21.5 ferrian when 

21.6 fluor when 

21.7 hyO.ro when 

21.8 lithlan when 

21.9 manganase when 

21.10 manganoan when 

21.11 oz~ when 

21.12 plumbian when 

21.13 potassium when 

21.14 po~aesian when 

21.15 subeilicio when 

21.16 titanium when 

21.17 ti~mia~ when 

21.18 zinc when 

21.19 zineian when 

22. 

22.1 
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C1 E 1.00 

Cr ~- 1.00 

Cr = 0.25-0.99 

Fe 3 >_ 1.00 e x c e p t  i n  a l k a l i  amphiboles and haetingsite 

Fe 3 = 0.75-0.99 except in a/ks// amphiboles and hastingsite 

F >_ 1.00 

OH E 3.00 

I~ ~_ 0.25 except in a]~a]i aml~bolee when lithian is 
used when Li~ 0.50. Not used with holmqulstite 
and  olinoholmquistite. 

Mn ~ 1.00 except in end--u=mbers containing Mn 

Mm = 0.25-0.99 except in end-members oonta4~rus Mn 

(OH+F,C1) is confirmed as < 1.00 

Pb >_ 0.08 

K ~_ 0.50 

K = 0.25-o.49 

si <5.75 

Ti > 1.00 except in kaersutite 

Ti = 0.25-0.99 except in kaersutite 

Zn >_1.00 

Zn = 0.25-0.99 

P h y s i c a l l y  i d e n t i f i e d  a m p h i b o l e s  s h o u l d  be  ~ a c c o r d i n g  ~ ~he n e a r e s t  
i d e n t i f i a b l e  end-member which  s h o u l d  be  made i n t o  a n  a d J e o ~ i v e  t o  be  f o l l o w e d  
by  t h e  word a m p h i b o l e .  

Hornblende is to be used f o r  ealeic amphiboles identified solely or l a rge l y  
by t h e i r  physical proper~es and not conf ident ly  i d e n t i f i a b l e  as near to an 
e n ~ r .  

Each part of the above section 6 was voted on separately and received at least 10, 
and usual ly  12 or 13 a f f i rma t i ve  votes (out of  13) except f o r  sections 11 and 19 
which zeoeived 9 for, 2 ag~In-t and 2 abstentions. 
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7- Amphibole Names Recommended for Extinction 

I% is agreed %hat t h e  following amphibole ~mee be formally abandoned. 

Abkhazite -- tremolite 
Abriac~ te = riebeckite 
Aoh~omalte u hornblende 
Aotynolin = actinollte 
Ao%~nolite = actinolite 
Actinote - actinolite 
Aktin01itisohem tsohermski~e = ma~nesio- or ferro- hornblende 
Alkali-fema~tin~site = sodian po~ssian magnesian hastingsite 
Al~.1 i-ferrohastlz~si%e = sod/an pota~sian hastingsite 
A1k~li-hastln~slte = sod/an potassian (hastlugsite to ma~neeio- 

hastln~site) 
Aml ant(h) = asbestos 
Amianthoide = asbestos 
Amian+.hl ~I ~e = asbestos 
Amianthus = asbestos 
Amoslte = asbestiform grunerite or anthophyllite ~re 1948 
Amphibo le-anthophyllit e = c-rural ~gtonite 
Amphibolite = hornblende 
Anophorite = titanian calolan ma~nesi~dsonite 
Anthogr-m-~tite = anthophyllite 
Anthogr~mm~ ~e = anthophyllite 
Antholite = anthophyllite and oummi~onite 
Antholith = anthophYllite 
Anthophylline = anthophyllite 
Anthophyllite ~ = anthophyllite 
Antiglaucophane = glaucophane or oroseite 
A r f w e d s o n i ~ e  = arfvedsonite 
AsbefexTite = asbestos 
Asbestini~e = asbestos 
Asbestolde = asbestos 
Asbestus = asbestos 
Astochite = manganoan richterite 
Astorit(e) = richterite 
Baba~,d-~4te = magnesio-riebeckite 
Barkevici~e ) = (sometimes sod/an) ferroan or ferro-pargasitic 
Barkevlkite ) hornblende, but has been used for other compo- 

sitions and has never been chemloally defined 
Basaltic hornblende = an o~hornblende~ often ferrl- or ferrian 

titanian (ma~nesio or ma~neslan hastlngsi~e) 
Basaltine = oxyhornblende + au~ite 
Bedenite = fexTian aotinolitie hornblende 
Bergamas~te = hastingsite 
Bergamaechi%e = hastingsi~e 
Bergflachs = asbestos 
Bergfleisch = asbestos 
Beret = asbestos 
Bergha~t = asbestos 
Bergholz = asbestos 
Berghork = asbestos 
Bergpapier = asbestos 
Bergwolle = asbestos 
Bidalotite = gedrite 
Borgnlezlte = sodium amphibole 
B~eadalbani%e - hornblende 
] 3 y s e o l l % e  = a s b e s t o s  
Calamlto = 1~molite 
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Carinthine 
Carystine 
Cataphorite = kataphori%e 
Catophorite 
Cataforite 
Chernyshevite 
Chiklite 
Chrome-tremolite 
Clino-anthophylli~e 
Clinokupfferite 
Crocidolite 
Daschkesanit 
Dashke ( s ) sanite 
Diastatite 
Eckrite 
Eisen~ichterite 
Fasciculite 
Femaghastingsite 
Feranthophyllite 
Ferrian parga~i%e 
Ferri- edenite 
Ferriglauo ophane 
Ferrihedrite 
Ferrizichterite 
Perrl-tremoli%e 
Ferrohastingsite 
Ferro-tremolite 
Gamsigradite 
Gastaldite 
Glrnarite 
Gz~,~tite 
Gr~-,~tit-o%zahlo~eim 
Griqualandi%e 
GrSnerite 
Heikolite 
Heikkoli%e 
Heterotype 
Hexaboli% 
Hexagoni%e 
Hill~ngsite 
Hoepfnerite 
Holzasbest 
Hudsonite 
Imerinite 
Iron-antho~lllte 
Iron-hornblende 
Iron-richterite 
Isabellite 
Juddite 
Kalamite 
~1 ~ o-ma~ne sio-katophol-i~e 
Karinthin 
Kidney stone 
Kievite 
Kirwanlte 
Kokscharowl% 
Koksoba_-xnrlte 
I~_-~oklclollte 
K.~ok~'c~o~l.%h 
�9 u~ff,z~, ( A u ~  a c~,n~) 

= hornblende, often pargasitio hoznhlende 
= asbestos 
= katophorite 
= katophorlte 
= katophorite 
. sodium amphibole 
= manganoan ferri-ferro-~ioh%e~ite 
= tremolite or aotinolite 
= magnesio-c~mTml r u ~ ; o n i t e  
= c,~mlngtonite 
= asbestiform riebeckite 
= chlor potassian hastingsite 
= chlor potassian hastin~site 
= hornblende 
= winchite 
= ferro-richterite 
= hornblende 
= magnesian hastingsite 
= ferro-anthophyllite 
= sodian manganoan magnesio-hastlm~si%e 
= ferro-edenite 
= magnesio-riebeokite 
= ferri-gedrite 
= manganoan magnesio-ar~ved~onite 
= ferri-ferro-eotinolite 
= hastingsite 
= ferro-actinolite 
= manganoan (ma~nesio-hornblende or edenite) 
= ~'zaucol~u~e 
= subsilicic titanlan sodian me~nesian hastingsite 
- tremolite 
= tremolite 
= crocidolite 
= grunerite 
== crossite 
= crossite 
- amphibole and pyzomene 
= oxyhornblende 
= manganoan t ~ e m o l i t e  
= d~nemorite 
= t ' r e m o l i t e  
= asbestos 
= hastingsite 
�9 , ma4~e sio-amfVedsomi%e 
=, ferro-anthophyllite 
= o~-manganoan potassian ferrian ferro-hoxnblende 
= ferro-riohterite 
�9 , riohterite 
== manganoan ms~nesio-ari%~dsoni%e 
= tTemolite 
== titanian po%assian rloh%~ri%~ 
- hornblende, often l~r  hoznblemde 
= ac%inolite 

= ~ a l t e z ~  a ~ L b o l e  
- e d e n i t i o  a ~ L b o l e  
= e d e n i t i o  a ~ h i b o l e  
= o x o o i d o l i t e  
= o x o o i d o l i t e  
- magneslo-antho~llite 
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Kupfferite (Hermamn) 
Kupfferlte ( K o ~ )  
Kymatine 
Labrador hornblende 
Lamprobolite 
Laneite 
Linosite 
Lithionglaukophan 
Lithium-amphibole 

Maganthoph~llite 
Ma~ne sia-ar fVedsonit e 
Magnesian glaucophane 
Magnophorite 
Magnesium anthophylli~e 
Mangan-ac tinollte 
Mangau amphibole 
Mangan crooidolite 

M a n ~ z ~ - a n t h o p b y l l i t e  
M a n ~ n - t r e m o l i ~ e  
M ~ u r ~ t e  
M a r m a i r o l i t e  
M b o z i i t e  
Mounta in  wood 
Montaslte 
Natrongr--,.-tit 
Natronrich%eri~e 
Naurodlte 
Nephrite 
Noralite 
NordenskiSldlte 
Orniblende 
Ortho~iebeckite 
Osannlte 
Philipstadite 
Flcroamosite 
Pilite 
Pseudoglauoopha~ 
Prismatio sohillex~p~T 
Raphili%e 
Rezhiki%e 
Rhodusite 
Rimpylite 
Sebesite 
Silb~lite 
Sillb~lite 
Silfbergite 
S i m ~ s o n i t e  
8maragd/te 
Smaragd/tio gra~atite 
Smar~tlo tsohe~e 
Soda asbestos 
Soda hornblende 
Soda riohteri~e 
Soda tremoli~e 
Sox~tite 
Speziati%e 
S~m~hls~eln 

S~eli~e 

= chromian anthol~vlllte 
= chromian anthopb~llltio amphibole 
= asbestos 
= orthopyroxene 

ox~hornblende 
f e r r o a n  or ferro-par~asitio hoznblen~e 

= ferri or ferrian o ~  kaersutite 
= holmquistite 
= lithian amphibole, holmquistite and olino- 

holmquistite 
= magne sio-anthophyllit e 
= ma~ne slo-axq~edsonit e 
= glaucophane 
= titan/an potassian rlohterite 
= ma~ne sio-anthophylllte 
= man6~manoan aotinolite 
= rhodonite (not an amphibole) 
= manganoan riebeckite 
= manganoan riebeckite 
= tirodite 
= manganoan tremolite 
= .~nm~noan magnesi~dsonite 
= manganoan riohterite 
= potassian taramlte 
= asbestos 
= asbestiform ~uneri~e 
- richterite 
= ~ o a n  richterite 

-I~-Ii amphibole 
- actinolite 
= ferro-hornblende 
= tremollte 
- hornblende 
= riebeckite 
- riebecklte 
= ferrian fexTo-hornblende 
= ferTian anthopbylli~e 
= actinolite pseudomorph 
= glaucophane or orossite 
= anthophyllite 
= tremolite 
= magnesio-riebeokite o r  magnesi~onlte 
= ma~nesio-rlebeokite 
= hornblende 
= tremollte 
= a o t i n o l i t e  
= a c t i n o l i t e  

dannemor i te  
= titanian potassian riohterite 
= actinolite or hornblende 
= tremolite 
= tsohe~te or tsohermakitio hornblende 
= ma~ne sio-ari~edsonite 
= arfvedsonite 
= manganoan ziohterite 
== riohterlte 
= magnesian has%ingsite 
= hornblende 
= aetinolite 
. a~Inoli~e oz an~ho~lllte 
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Subglaucophane = crossite 
Svidueite = oxy ms~nesio-riebeckite 
Synta~matite (T~oger 1952) = titanianhastingsite 
Szechenyiite = richterite 
Szechenyit = richterite 
Ternovskite = magnesio-riebeckite 
Thalackerite = anthop~llite 
Tibergite = manganoan sodianma@nesio-hastingsite 
Titanhornblende = aeni~matite 
Tonerdehaltiger strahlstein = tremolite 
Torendrikite = magnesio-riebeckite 
Tremolite-glauoophane = richterite 
Tschernischewit = sodium amphibole 
Uralite = actinollte pseuclomomph 
Valleite = calcian manganoan anthophyllite 
Waldheimite = richterite 
Wallerian = hornblende 
Weinechenkite = ferri-magnesio-hornblende or magneeio-haetingsite 
Zillerite = actinolite 
Zillerthite = ~ctinolite 
Zinc-manganeee-c,,mm4ugtonite = zinc tirodite 

M. H. Hey (1962 and appendix 1963), Index to mineral species and varieties 
e~Tanged chemically should be consulted for further details of the above names. 

This section was approved by 13 votes for, 0 against. 

The compiler particularly draws the attention of mineralogists to the 
abandonment of barkevikite, basaltic hornblende, carinthine, ferrohastingsite, 
gran,natite, karinthine, kataphorite and mboziite as these names are more commonly 
used than the remainder. 

The compiler comments that the main practical^difficulty in naming amphiboles 
by the agreed procedure is that the ratio Mg/(Mg+Fe ~) cannot b~ a~curately obtained 
from electron microprobe analysis. Agreement to use Mg/(Mg+Fe~+Fe 9) could not be 
obtained and so2it will be essential to ex~m!ne critically the procedure adopted 
to calculate Fe and Fe 3 when only the total Fe has been determined. Different 
procedures could give different names to same chemical analysis. In addition, 
in view of the very large number of incorrectly calculated standard amphibole 
formulae in the literature, authors are urged to always calculate these carefully, 
never to avoid checking that the positive and negative charges balance and that 
the determined oxides have been precisely transcribed -- a common error in computer- 
calculated results. The whole procedure including outputting the full name will 
be most cor~ezzLently d e a l t  wi th  by one computer programme. 

Addendum to The nomenclature of amphiboles (by B. E. Leake and M. H. Hey) 

The foregoing report is directed to the formulation 
of a set of species names with clearly defined limits, 
together with a system of  prefixes and adjectival 
modifiers (see below). An appropriate name can be 
found for any amphibole for which a complete 
chemical analysis is available, including the 
Fe 2 +/Fe 3+ ratio; if this ratio has not been deter- 
mined various procedures are possible, involving 
special assumptions: thus we may calculate on the 
basis of  13 cations exclusive of Ca, Na, and K, 
assuming that these cations are wholly in the A and 
B sites, and then adjust the FeZ+/Fe 3+ ratio to 

bring O + O H  to 24 (or, if H20  has not been 
determined or is unreliable, to bring O to 23) [this 
order of calculation is simpler and safer than that 
suggested on p. 3 of the report, which involves 
adjustment of all the cation ratios]. 

But we also need to be able to name amphiboles 
for which no chemical analysis is available, or only 
a partial one; the paragenesis and the physical pro- 
perties, especially colour, refractive indices, extinc- 
tion angle, and pleochroism, offer suffice to place 
the mineral, but only approximately. The problem 
is no new one; for example, anthophyllite is widely 
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used both lor the Al-free or Al-poor orthoampfii- 
bole, but also as a group name covering both 
anthophyllite sensu stricto and gedrite. 

The Subcommittee recommend (p. 4, last para- 
graph; resolution 22) that where an unanalysed 
amphibole can be placed, on the strength of its 
physical properties and paragenesis as, for 
example, 'not far from richterite', it should be 
termed a 'richteritic amphibole', et sire. No group 
names are recommended. 

Though some 51 'end-members' or species are 
recognized, multiplication of trivial names is avoi- 
ded (they are kept to 23) by the use of prefixes, 
which indicate substantial amounts of substitution 
by various elements. These are an inseparable part 
of the name, and should be attached by a hyphen; 
they should not normally be translated, and should 
not be separated in indexing (thus, for example, 
Ca2MgaMn2SisO22(OH)2 , a manganese-tremolite, 
should be indexed under M, with perhaps a cross- 
reference under tremolite). [In languages such as 
German, where all nouns are capitalized, the form 
Mangan-tremolit or Mangantremolit might be 
preferred.] 

These true prefixes are: alumino-, chlor-, chro- 
mium-, ferri-, ferro-, fluor-, hydro-, manganese-, 
magnesio-, oxy-, potassium-, titanium-, sodium-, 
and zinc-. 

On the other hand there are a set of 'prefixes', 
more correctly termed adjectival modifiers, usually 
ending in -Jan or -oan (according to the valency) 
denoting minor substitutions, and two denoting 
deficiencies, which are all simple adjectives. These 
are not an essential part of the name, and should be 
ignored in the first stage of indexing (e.g. man- 
ganoan tremolite should be indexed under T, as 
tremolite, manganoan. These adjectives may pro- 
perly be translated by appropriate adjectives, 
e.g. calcian = calcif6re (French) = kalkhaltig 
(German); with those that incorporate an indica- 
tion of valency (ferrian, manganoan, et sim.) this 
may call for special treatment (e.g. ferroan = 
eisen(II)haltig). 

These adjectival modifiers include: chromian, 
ferrian, ferroan, lithian, manganoan, plumbian, 
potassian, titanian, zincian, also subsilicic and 
subcalcic. Additional adjectives may be formed on 
this model as needed, e.g. nickeloan, cuprian. 

Index of  names and prefixes 

The following index refers to the list of formal 
definitions in the numbered resolutions of the 
Report (pp. 16-25). The two special adjectival 
modifiers subcalcic and subsilicic are included, as 
they too are formally defined. Limits are proposed 
in the Report (pp. 3-4) for the use of the adjectival 

modifiers chromian, ferrian, lithian, manganoan, 
plumbian, potassian, titanian, and zincian. 

Actinolite i 1.2 
Actinolitic hornblende 11.5 
Alumino- 5.2, I2.2, i6 
Alumino-barroisite I4. 5 
Alumino-katophorite t4.I3 
Alumino-taramite 14.17 
Alumino-winchite I4.1 
Anthophyllite 4.2 
Arfvedsonite I8.8, I9. 9 
Barroisite I5.3 
Chlor- 21.1 
Chromium- 21.2 
Clino-holmquistite 7.6 
Crossite I9.3 
Cummingtonite 7.2 
Dannemorite 6.6, 7.8 
Eckermannite I8.5, 19.6 
Edenite to. 3, II.I 3 
Edenitic hornblende 11.I 5 
Ferri- 21.4 
Ferri-barroisite 14. 7 
Ferri-katophorite I4.I 4 
Ferri-taramite I4.I 5 
Ferri-tschermakite io.t I 
Ferri-winchite I4. 3 
Ferro-actinolite Io.2, 11.3 
Ferro-actinolitic hornblende I 1.6 
Ferro-',dumino-bar roisite I4.6 
Ferro-alumino-tschermakite Io.lo 
Ferro-alumino-winchite I4.2 
Ferroan pargasite I 1.2o 
Ferroan-pargasitic hornblende I I.I8 
Ferro-anthophyllite 3.2, 4.3 
Ferro-barroisite I5. 4 
Ferro-clinoholmquistitc 6.4, 7-5 
Ferro-cckermannite i8.6, I9. 7 
Ferro-edenite Io. 4, l l . I4  
Ferro-edenitic hornblende I I.I6 
Ferro-ferri-barroisite I4.8 
Ferro-ferri-tschermakite I o.I 2 
Ferro-ferri-winchite 14. 4 
Ferro-gedrite 3.5, 4.6 
Ferro-glaucophane I8.2, 19.2 
Ferro-holmquistite 3.8, 4.8 
Ferro-hornblende Io.14, IL8 
Ferro-kaersutite l o.i6, 11.29 
Ferro-pargasite io.6, t L21 
Ferro-richterite 14.Io, I5.6 
Ferro-tschermakite t i. I 2 
Ferro-tschermakitic hornblende i LIo 
Ferro-winchite I5.2 
Fluor- 2 L6 
Gedrite 4-5 
Glaucophane 18.I, I9.i 
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Grunerite 6.2, 7.3 
Hastingsite m.7, i 1.27 
Hastingsitic hornblende i 1.24 
Holmquistite 4.9 
Hydro- 21. 7 
Kaersutite Io.15, II.28 
Katophorite 15.8 
Kozulite I8.9, 19.1o 
Magnesian hastingsite 11.26 
Magnesian hastingsitic hornblende 11.23 
Magnesio-alumino-katophorite I4.I2 
Magnesio-alumino-tar amite I4.I8 
Magnesio-anthophyllite 3.1, 4- I 
Magnesio-arfvedsonite 18.7, I9.8 
Magnesio-clinoholmquistite 6.3, 7.4 
Magnesio-cummingtonite 6. I, 7. I 
Magnesio-ferri-katophorite i4 . I i  
Magnesio-ferri-taramite 14.16 
Magnesio-gedrite 3-4, 4.4 
Magnesio-hastingsite lO.8, 11.25 
Magnesio-hastingsitic hornblende I 1.22 
Magnesio-holmquistite 3.7, 4.7 
Magnesio-hornblende 10.13, I I .  7 
Magnesio-katophorite 15.7 
Magnesio-riebeckite 18.3, 19. 4 
Magnesio-taramite 15. 9 
Manganese- 2i. 9 
Oxy- 2I . I I  
Pargasite IO.5, I1.19 
Pargasitic hornblende 11.17 
Potassium- 21.I3 
Richterite I4.9, i5. 5 
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Riebeckite 18.4, t9.5 
Silicic 12.4 
Sodium-anthophyllite 3.3, 5 .1 
Sodium-gedrite 3.6, 5.I 
Subcalcic 1~.I 
Subsilicic 21.15 
Taramite I5.1o 
Tirodite 6.5, 7.7 
Titanium- 2 I. 16 
Tremolite IO.I, I I . I  
Tremolitic hornblende 11.4 
Tschermakite lO.9, I I. I I 
Tschermakitic hornblende 11.9 
Winchite 15. I 
Zinc- 2I.I8 

Errata: 
page 534, step (5) of the calculation of the standard 

formula should read: (5) Sum B to 2.o0 using 
excess Fe 2, Mn, Mg from (4) . . . . .  

page 536, fig. I, the point labelled o.67 NaB along 
the left-hand back edge should read: 1.34 NaB. 

page 538, resolution 3.3, for (OH)v read (OH)z. 
page 549, resolution 6. 4, for Fe3 read FeZ. 
page 549, resolution 6.6, for Fe5 read Fe~. 
page 551, resolution II.1 should conclude: 

Mg/(Mg + Fe 2) ~> o-9 o. 
page 55 I, resolution II. 3 should conclude: 

Mg/(Mg + Fe 1) < o'49. 
page 554, resolution 14.12, for NaCaNa 4 read 

NaCaNa. 


