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Whittaker (U.K.), R. A. Birms (Australia), K. J. Neuvonen (Finland), M. Ross,

P. Bobinson and B. Winchell (U.S.A.), together with many non-members of the sub-
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CONTERT'S

1. General classification of the amphiboles

2. The iron-magnesium-manganese amphiboles

3« The calcic amphiboles

4. The sodic~calcic amphiboles

5+ The alkali amphiboles

6. Formulation of individual proposals as approved by the Commission
7. Amphibole names to be abandoned

1. General classification of the amphiboles

It is proposed that the classification of the amphiboles should be largely
baged on crystal chemistry, as the optical and other physical determinative pro-
perties guch as X-ray powder diffraction cannot differentiate unambiguously between
different members of the group. Of course the traditional and important distinction
between orthorhombic and monoclinic members has been retained. When it is necessary
to distinguish different polytypes or polymorphs further (e.g. with cummingtonite)
this may be done by adding the space group symbol as a suffix.

The proposed nomenclature has successfully avoided introducing new names by
the use of adjectival modifiers (e.g. titanian) 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
recommended for formal extinction.

The classification is based on the chemical contents of a standard amphibole
calculated to 24(0,0H,F,C1l), but it is recognised that where there is no determin-
ation of Ho0+ (e.g. electron microprobe analyses), or there is Teason to suppose
that the reported HpO+ is erroneous, or where it is probable that unreported F or
Cl may 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 tetra—
hedral sites and corresponds to the half unit cell for monoclinic emphiboles and
to one quarter of the unit cell for orthorhombic amphiboles.
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Throughout this report the standard amphibole formula is used with super—- VI
script arabic numerals (e.g. Fe?) referring to charges; roman numerals (e.g. Al
to co—ordination numbers and subscript numerals to numbers of atoms (e.g. Mgz).
General works dealing with the amphibole group include Deer et al. (1963), E%nst
(1968) and the special papers of the Mineralogical Society of America (1969) and
Great Britain (1968) which together provide a key to the voluminous literature.

The standard amphibole formula is taken to contain 8 tetrahedral sites and
the general form of the standaxrd formula is:
VI
B
5

v
Ce~ Tg 022(011,.1‘,01)2

Ap-1 B2
In the calculation of the standard amphibole formula the following procedure is
recommended:

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

(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,Cl)
assumed, unless this leads to an impossibility of satisfying any of the
following oriteria, in which case appropriate change in the assumed number
of (OH+F+Cl) should be made.

(3) Sum T to 8.00 using Si, then Al, then Cr’, then Pe’, then Ti%.

(4) Sum C to 5.00 using excess Al, Cr, Ti, Pe’ from (3), then Mg, then re’,
and then Mn.

(5) Sum B to 2.00 using excess Fe2, 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 M1 + M2 + M3 sites (C), the M4 sites (B) and the A sites (4). Present
knowledge of the distribution of ions is not sufficient to warrant making 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
munber 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 groups on the basis of the
numbers of atoms of (Ca + Na)g and Nag, Within each of these groups it can_ then
be named by reference to the appropriate two—dimgnsional diagram (Figs, 2-5) using
the number of Si atoms and the ratio Mg/(Mg + Fe®). The name so found is the name
of the defined end-member to which the formula most closely approximates. This
name may be qualified by one or more prefixes according to definite rules to
specify important (but relatively minor) departures from the end-member formula.

four prineci hibole ups are defined as:

(a) When (CatNa)g < 1.34, tuen the amphibole is a member of the iron-magnesium—
manganese amphibole group.

(v) When (Ca+Na)y = 1.34 and Nap < 0.67, then the amphibole is a member of the
calcic %gole group. Nearly all such natural amphiboles have Cap>1.34.
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(¢) When (Ca+Na)g = 1.34 and 0.67 € Nag < 1.34, then the amphibole is a member
of the sodic-calcic amphibole group. Such natural amphiboles usually contain
0.67 < Cag < 1.34,

(d) When (Na)g = 1.34, then the amphibole is a member of the alkali amphibole
gEoup.

The principal reference axes chosen for the calcic, sodio-calcic and alkali amphi-
bole groups are Nap; (Na+K),; and (8-5i), as shown in Fig. 1 based on Smith®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 primary divigions at integral contents
of the standard formula so that analyses near to formalised end-, or integral
members, ,whose names are defined, are grouped together, rather than split apart.

The form of the Mg o Fe ratio usually used is Mg/(Fe°+Mg)., An increasing
number of amphibole analyses are being obtained by microprobe analysis (over 85%
of those reported in 1976) and these analyses usually do not report FesOz. There
are various different possible procedures to partially alleviate the problems
raised by such partial ses but no one procedure is recommended though calcu~
lation on the basis of 23(0) and then adjustment of the total cations, excluding
(CatNa+K), to 5 + 8 = 13, by varying the Fe?/Fed, has much to recommend it,

Provision is made to denote by prefixes the presence of substantial substi~
tution by elements that are not essential constituents of the end-members., Prefixes
that are generally applicable are:-

chlor when Cl 2 1,00 (about 4% C1)

chromium when Or 2 1,00 (about %% Cr203)

chromian when Cr = 0,25-0.99 (about 2,3-9% Cr203)

ferri when Fe3 2 1,00 (about 9% Fe203) except in alkali.
amphiboles and hastingsite

ferrian when Fe5 = 0,75-0.99 (about 6.8-9% Fe203) except in alkali

amphiboles and hastingsite

fluor wvhen P 2 1,00 (about 2% F)
hydro when OH Z 3,00 (about 3% Hzo)
lithian when I1i 2 0.25 (about 0.4% Lio0) except in the alkali

amphiboles when Li 2 0,50, Not used with
holmguistite and clinoholmquistite.

1,00 (about 10% Mn0) except in end-members
containing Mn

0.25-0,99 (about 2.5-10% MnO) except in end-
members containing Mn

oxy when OH+F4Cl < 1,00. As many poor analyses have low recorded
water and no F or Cl values, this prefix
should be used with discretion.

Z 0.08 (about 1.1% Pbo)
potassium when 0.50 (about 2.7% K50)

potassian when K = 0.25-0.49 (about 1.3-2.7% Kp0) except in the
alkali amphiboles

subsilicio when 81 < 5.75

W

manganese when Mn

manganoan when Mn

3
f

plumbian when

o}
v



INTERNATIONAL MINERALOGICAL ASSOCIATION

536

sopoguydwo  uw - By -9y Butpnjaxe (158

ve-1 29(en+03) 104 NOILVOIISSYTD F108IHIWY

Y{%n+oN)
T0*4*BO*0=EO
V¢, cad=H
»sasquew pua I e QOZ
.
x0F uaal ATuo 3% SIWEN PR 0d BT
SRR UDE}- 12258
PUa1qUIOq-0TH! EFSEKIT I

S TAEELSYIRF ~OUTER Y

2 (10) %01y 167 120 Tagggerg 2(50)%2otv- s 1%e0 2(r0)%e% s 1%mg Y(a+en)00°0
Y(ven)oo oY 720079 TS00+L T500°5 ™} oH00"0
33 TSquT358Y-~oTsaUTRY \
mE (o g rd — 7T (weemos-o
e
2(10) %%y  rsul 1 e 00N e -7
Y(wren)0"s 1558 _woongr” L L e 7
Senoo’0 24222, 62, F(avex) 004
(m0)* oty r5>1%800m "
) T |
t “ . R ERY
STIOHIHIWY | Tz | H | \
01 _ ! . _
| R Sy———
| P T S
| “ B1TE10XBQ-0UTUNTY,
Fanoo" PR [ et
2(0)%0C1y? s i TeeD | -7 20y orrt il menen 2(0) 2%t rau rowwo
lllll sy e e CEE L S E e
1
mﬁﬁﬂmfoamug “
SIN0BIHIWY a0yl s oo 7Y P Tenpg -1
muzoo._v RPE®L ©(HO) DTV TEN TeNeORN (H0)““0° 18  TeNe RN
pllod ) fo X [ 1 L)
9130S mromE-wmm | U .
T = T =
{ - | -,
”~ rd
| Pis | e
llll Logpg« RPN MUY PNy S P
. l_ﬂrﬁ.@.c
| 1
2(m0y2 %ol rvo1s"in%en 1 |
Vimremioo oglson’e Jooo L 4 1800°89 %002 Y(a+ex)00"0
SITOBIHIWY | Swoove | Nﬁsmmazﬂnzw_mmz | 2(50)%20% s %wE 1o
1YV "
MER T
| «Qovwmouzfmm.mn%.iz 1559 ¥500°L 7800°8
- NOO 2 Y, .
Vixvenyoo s 2(g0)%orvt st 1P (n+eN)00"
2(80)%%0 v’ 1%men
1 By



NOMENCLATURE OF AMPHIBOLES 537

titanium when Ti 2 1,00 (about 10% TiOp) except in kaersutite
titanian when Ti = 0.25-0,99 (about 2,5-10% TiOp) except in kaer—
zino when Zn 2 1.00 (about 5% Zn0) sutite
zincian when Zn = 0.25-0,99 (about 1.2-5% Zn0)

A few prefixes (alumino, calcian, subcalcic, 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 cleaxly 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 untidy
aspects but this is preferable to schemes which cut across traditional and present
usage. As there are already over 8000 published amphibole analyses it is important
to provide for nearly every probable variation so as to avoid irregular prolifer-
ation of names and this is best prevented by providing ample scope for fairly
detailed compositional indications.

Adjectival prefixes have been employed to keep the number of fundamental

amphibole names to a minimumn and to indicate specifically defined ranges of com-

sition which seek to (1) avoid present and future haphazard and irregular naming,
?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) glve & non-
specialist mineralogist or petrologist a name which in itself is meaningful (e.g.
manganoa.n) even if the defined specific element-ranges covered by the adjectival
prefixes are unknown. The absence of a prefix means that the element concerned
is below, or occasionally above (e.g., with subsilicic and subcalcic), the limits
presoribed for the use of the prefix, which in all instances has been defined after
considering what is common 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 proposed usually take into account and convey information about
the following variables in the standard formula:-

51,417, (Ca+Na)y, (Na+K) ,,Ca, A1'T,Fe’,T4,F,CL,K,Mn,Cr, 7n, 1, Pb,0H,0,and Mg/ (Mg+Fe?)

Prefixes magnesio~, ferro-, alumino-, 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 magnesio-actinolite and tschermakite as a synonym of alumino-tschermakite,
particularly where two or more 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 Cap Mgs Sig 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, anthophyllitiec
amphibole, tremolitic amphibole, pargasitic amphibole, richteritic amphibole and
glaucophanic amphibole, The familiar word hornblende can still be used where
appropriate for caleic amphiboles, because hornblende is never used without an
adjective in the precise nomenclature. The adoption of these recommendations will
not only avoid confusion between precisely and loosely named amphiboles but will
not inhibit the giving of loose names that is obviously often inevitable when only
paragenesis and optical properties are available.
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Several names have been used for various asbestiform amphiboles. In miner-
alogy, as distinct from commercial use, the precise mineral name according to this
report should be used, followed by -asbestos; e.g. anthophyllite-asbestos,
actinolite-asbestos. Where the nature of the mineral is uncertain or unknown,
asbestos alone may be appropriate. Where the approximate nature of the mineral is
known but not its precise composition, the recommendations made above should be
followed but amphibole should be replaced by asbestos, e.g. anthophyllitic asbestos,
actinolitic asbestos, For this purpose crocidolite may alsc be retained to cover
alkali amphibole asbestos as a general name whereas, e.g. riebeckite-, or magnesio-
riebeckite-asbestos should be used when the precise composition is known.

Finally, it has been much in mind that the amphiboles constitute an extremely
complex group: while even more detailed subdivisions are possible, the proposals
attempt to be as simple as is reasonable so that ordinary mineralogists and petrol-
ogists will be able to rapidly, uniquely and unambiguously name most amphibole
analyses.

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

2. Fe-Mg-Mn Amphiboles

The group is defined so as to include possessing (Ce+Na)p < 1.34 in the
standard formula, The detailed classification is based on Fig. 2.

ORTHORHOMBIC FORMS

2
(1) Anthophyllite Ne_(Mg,Mn,Fe )7_yA1y(A1x+ySie_x_y)022(011,1‘,01)2
where x+y< 1,00, otherwise the mineral is gedrite.

End Members

Magmesio-anthophyllite M&78i8022(03)2

2
Ferro-anthophyllite Fe 7518022(011)2
2
Sodium anthophyllite Na(Mg,Fe )7A1817022(OE)2

Limits for use of end member names

Magnesio-anthophyllite  Mg/(Fe4Mg)20.90

Ferro-anthophyllite Fez/ (Hg+F92) 20.90

Sodium anthophyllite Na20.50

Prefix for partioular substitution (see also below)

Alumino- when 41712 0,50

(2) Cedrite Na.x(Hg,Mn,F92)7_yA1y(A1x+ySie_x_y)022(OE,I,F,Cl)2

when x+y 21,00, the distinotion from anthophyllite
being based on the total AlIv, which exceeds 0,99
in gedrite.

End Members

Magnesio-gedrite 1'1351\12s16A12022(011)2

Ferro-gedrite re§u2816u2022(ox)2

Sodium gedrite Na(ng,re)sus16u2022(on)2
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Fig. 2. IRON-MAGNESTUM-MANGANESE AMPHIBOLES

Li<1.00; (CMNa)B< 1.34

A, Orthorhombic

&—- Si in the standard cell —>

8 L] Oo 7 L ] Oo 6 * oo
1.00
Magnesio-anthophyllite Magnesio-gedrite

0.90
—e Anthophyllite Gedrite
Mg + Fe

0.10

Ferro-anthophyllite Ferro-gedrite
0.00

B. Monoclinic

1.00
Magnesio-cummingtonite
T 0.70
——HE—E Cumingtonite
Mg + Fe
0.30
Grunerite
0.00
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ILimits for use of end member names

Magnesio-gedrite Me/(Fe>+Mg) 20,90
Ferro-gedrite Fez/ (Hg+Fe2) 20,90
Prefix for particular substitution
Sodium when Na20.75
2
Holmquistite Li, (Mg, Fe )B(Fea,A1)2818022(0H,F,Cl)2

It is critical that I4%1,00 in structural formla (about 1.7¥Li,0).
End Members
Magnesio-holmquistite mzng3u2s18022(ox)2

Ferro-holmquistite m2Fe5A12818022(°H)2

Limits of use of end member names
Magnesio-holmquistite Mg/ (F92+}‘lg) 20,90

Ferro-holmquistite Fez/(ngwrez) 20.90

MONOCLINIC _FORMS
Cumningtonite Series (Mg,rea,rm)., 318022(011)2
End Members
Magnesio—-cummingtonite Hg7518022(03)2

2

Grunerite Fe7818022(011)2
Tirodite mzug5s18022(on)2
Dannemorite anFeSSieozz(OK)z

Limits of use of end member names
Magnesio—cumningtonite Hg/(Fe2+Hg) 20,70

Grunerite Fe2/(Mg+Fe>) 20,70

Tirodite Mo/ (Mn+Mg+Fe) 2 0.10 and MgZ Fe
Dannemorite Mn/(Mo+Fe+Mg) 20,10 and Mg <Fe

Prefix for particular substitution (see also below)

Sodian when Na2 0.25

Clinoholmquistite Liz(Mg,Fea,Mn)}(Fe3,A1)2518022(OH,F,01)2

It is critical that Ii21.00 (i.e. about 1.7% Li,0)

End Members

Magnesio-clinoholmquistite mzng3u2318022(on)2
Ferro-clinoholmquistite L12Fe3A12818022(0H)2

Limits for use of end member names
Magnesio-clincholmquistite Mg/(Fe’+Mg) 20,90
Ferro—clinoholnquistite Fe2/(Mg+Pe2) 2 0.90

Special fix for the whole F of boles

Calcian vhen Ca20,50 (about 3.5% Ca0)
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Nomenclature is given by reference to Fig. 2 or if IiZ1,00 to the above
text, combined with the prefixes given for the whole amphibole group and those
speoial to the Fe-Mg-Mn amphiboles.

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

The group is defined as monoclinic amphiboles in which (CMNB)BZ 1.34 and
NEB<0.67. Genemm %71.34.

End Members

Tremolite Ca ME;510,,(0),
Ferro-aotinolite GazFe§818022(0H)2

Edenite NaCazng5s17A1022(on)2
Ferro—edenite NaCazFeSSi.’Aloaz(OH)z
Pargasite NaCa Mg 4A1816A12022(0H)2
Ferro-pargasite Nwazreiu516u2022(on)2.
Hastingsite Na.CazFeiFeBSisAlezz(OH)z
Magnesio-hastingsite NaCa2Mg4Fe5516A12022(on)2
Alumino-tschermakite Cazﬂg3A12816A12022(03)2
Ferro—alumino-tschermakite CazFe§u2s16A12022(on)2
Ferri-tachermakite 69.211531?92816&12022(03)2
Perro-ferri-tachermakite CazFe%'egSi 6A12022(0H) 5
Alumino-magnesio-hornblende Ca Mg 4A1817A1022(0H)2
Alumino-ferro-hornblende CazFeiAlSiTAlozz(OH) 5
Eaersutite FaCa, Mg 4m1316u2(0+011) 24
Ferro-kaersutite Na.Ce.zFeiTiSi6A12(0+OH)2 .

Limits for use of end member names snd nomenclature of the group

The nomenclature of the group is tabulated in ¥Fig, 3. Assi nt of the
name is as follows: If T120.50 go to Fig, 3D; If T1<0.50 and (Na+K),< O'SOVI
go to Fig. 3A; If T <0.3&> and (Na+K)s2 0,50, then go to Fig. 3B if FeIt <%1
and to Fig. 3C if Fe’2A1'1, Further subdivisions depend upon Si and Mg/(Fe“+ Mg).
These give the fundamental name of the particular amphibole. The final step is
to scan the range of the elements dealt with by prefixes to finally obtain a name
which implicitly or explicitly conveys an :Lndioa.t&gn of the composition with res-
peoct to no less than 19 variables — 5i, A11V, 41'%, Pe3, (Na4K),, Nap, Ca, Ti, F,
Cl1, K, Na, M, Zn, Cr, Pb, OH, O and Mg/(Fe%+¥g). Although it would appear that
very long and cumbersome names would be common, the reverse is true because the
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Fig.
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3

CALCIC AMPHIBOLES; (Ca+ No)B 2 134, Nap<067

(Mg+Fa?) A, (Na + K)A< 0.50; Ti<< 0.50
1.00(8.00 7:75 7.50 7,25 7,00 Si 6.75 6,50, 6,25 6,00 5415
TREMOLITIC
0.90 TREMOLITE HORNBLENDE
TSCHERMAKTTIC TSCHERMAKTTE
ACTINOLITIC MAGNESTO-HORNBLENDE
ACTINOLITE HORNBLENDE (ALUMINO-TSCHERMAKITE)
HORNBLENTE
0.50
FERRO- FERRO-
FERRO-ACTINOLITE ACTINOLITIC FERRO-HORNBLENDE TSCHERMAKTTIC FERRO-TSCHERMAKTTE
'HORNBLENDE HORNBLENDE
0.00
‘.00 B. (N¥a + X),2%0.50; Ti<< 0,505 PO A1
PARGASTTIC PARGASTTE
SILICIC EDENITIC HORNBLENDE
L EDENTTE
0.79 EDENTTE HORNBLENTE
FERROAN
.50 PARGASTTIC FERROAN PARGASTTE
FERRO- HORNBLENDE
0.30 SILICIC
=30 FERRO-EDENTTE EDENITIC
FERRO-EDENITE FERRO-
HORNBLENTIE PARGASTTIC FERRO~PARGASTTE
0.00 HORKBLENDE
C. (Na+E),220.50; TL0.50; Fe'dw a1
T MAGNESIO-
sILICIC EDENTTIC BASTINGSTTIC MAGNESIO-HASTINGSITE
EDENITE HORNBLENDE
0. 70 EDRNITE QB
MAGNESTAN
0.50 HASTINGSITIC MAGNESIAN HASTINGSITE
FERRO- HORNBLENDE
0_3% STLICIC
FERRO-EDENTTE RIENITIC )
FERRO-EDENTTE HASTINGSTTIC
TENDE BASTTNGSTTE
HORNE HORNBLENTE
[
D. T2 0.50 4
o«
2 RAERSUTTTE
g
3 0.5
@
g
8 FERRO-KAFRSUTITE
g
= ABSCISSA SCALE S .
a8
3 .
S .00 7.75 7.50 7.25 7.00 6.75 6.50 6.25 6.00 5.75
L . L 3 N N N A T
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prefixes are only used for unusual compositions and so over 80% of the available
analyses in this group give names containing two or fewer adjectives, including
adjectives which form part of the fundamental name.

Special prefixes for the calcic amphibole group
Alumino when Aln 21.00

Sodian when Na 21,00 (about 3.5% Nazo)
Subcaleic when Ca < 1,50 (about 9.5% Ca0)

The com gosltions of the two tschermakite end-members, one with AlVI and the

other with Fe?, can be clearly indicated and the prefixes ferri- or alumino- are
in practi ,sIdropped for most, but not all, natural tschermakites because neithexr
Fe? nor A1T reach or exceed 1.00. With tschermakite, tschermekitic hormblende,
ferro~tschermakite and ferro-tschermakitic hornblende, alumino- and ferri-
immediately precede the word techermakite, e.g. ferro-alumino-tschermakite. Other-
wise the order in which prefixes are used is not fixed. WNeither ferr:.— nor ferrian
should be used with hastingsite because hastingsite implies high Fe’*t

The problem of what to call amphiboles that have S5i 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 Fig. 1 and have compositions that fall outside the theoretical range of
possible substitutions. However, as some such compositions exist it is suggested
that they be prefixed, silicic if Si exceeds 7.25 when (Na+K)s2 0.50 but for the
compositions involved in which (Na+K)j <0.50 no special name is proposed as these
compositions are quite close to the names given in Fig. 3A.

This section was approved by 13 votes for and O against.
4, Sodic~calecic Amphiboles

This group is defined as monoclinic amphiboles in which (CQ.-I-NB.)B 21.34 and
0.67<Nag <1.34. Generally 0.67<Cap<1,34.

End Members
Richterite NaCaNaMg5818022(OH)2
Ferro~richterite NaCaNaFe 5818022(03) 9
Ferri-winchite CaNaMg Fe3818022(03)2
Alumino-winchite CaNaMg4AlSi 022(011)2
Ferro-alumino~winchite CaNaFe 4A181 0 2(OH)2
Ferro-ferri~winchi te CaNaI"eiFe 5140,,(0H),
Alumino~barroisite CeNaMg3A12817AJO 2(oxer)2
Ferro-alumino-barroisite CaNaFe Al 517.41022(011)2
Ferri-barroisite CaNaMg S:L7A10 2(011)2
Ferro-ferri-barroiaite ceum‘e%Fezsi?élozz(or:)2
3
Magnesio-ferri-katophorite Na,Ca.NaMg4Fe SiTA1022(OH)2

Magnesio-alumino~katophorite NaCaNaMg 4A1917A1022(OH)2
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Fig. 4. SODIC ~ CALCIC AMPHIBOLES

(CatNa);3 1.34; Nay between 0.67 and 1.34

A, (Na+K) 4, <050

&— Si in the standard cell ——>

8.00 7.% 7.00 6.50 6.00
Winchite Barroisite
Einchite Perro-barroisite
B. (Na+K) 4> 0.50
&~— 8i in the standard cell ~—>
8 . 00 7 B 00 6 . 00
i i . Magnesio-

Richterite Magnesio-katophorite tavamite

T Katophorit T it

richterite ophorite aramite
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Ferri-katophorite
Alumino-katophorite
Ferri-taramite
Magnesio-ferri-taramite
Alumino-tarami te

Magnesio-alumino-taramite

545
3
NaCaNaFeiFe 51,410, (0H),
2
NaCaNaFe4Alsi7A1022(OH)2
3
NaCaNaFegFeZSisAlzozz(OH)2

3
NaCaNaMg F92816A12022(OH)2

3

2
NaCaNaFe 3A12

sALo51A1,0,,(0H),

Si6A12022(OH)2

NaCaNalMg.

Limits for use of end member names and nomenclatures of the group

The nomenclature of the group is tabulated in Fig. 4.
if (Na+K), <0.50 go thFig. 4A_otherwise to Fig. 4B.
and then the Al

name is as follows:
then the ratio Mg/(FeZiMg),
mental name of the amphibole,

Analyses with A?LVE? 1,00 or Fed
name alumino- or ferri- respectively.

Assignment of the

si,
Fe> values decide the funda~-
21,00 have in the
The final step i8 dealt with by considering

the prefixes already given plua that given below which then gives a name which
implicitly or explicitly conveys an indication of the composition with respect to

15 variables.

Speoial prefix for the sodic-calcic amphibole group

Alumino  when A1'T 2 1,00

The words alumino- and ferri- immediately precede the fundamental amphibole

name (i.e. the noun) otherwise the

order in which the prefixes are used is not fixed.

This section was approved by 10 votes for, 2 against and 1 abstention.

5.

Alkali Amphiboles

This group is defined as monoclinic amphiboles in which ma':B 2 1.34.

End Members
Glaucophane
Ferro-glaucophane
Magnesio-riebeckite
Riebeckite
Eckermannite
Ferro-eckermanni te
Magnesio-arfvedsonite
Arfvedsonite

Kozulite

Limits for use of end member names

The nomenclature of the group is tabulated in Fig. 5.

N32M33A12818022(03)2
NaZFe§A12s18022(on)2
Na2M33Fe3518022(on)2
NazpegFe2518022(on)2
NaNaZMg4A1818022(OH)2
NaNazFeiAlsieozz(OH)z
NaNaZMg4Fe3s18022(on)2
NaNaéFeiFeasieozz(OH)z

NaNaZMh4(Fe5,A1)518022(on)2

Three factors decide

which fundamental name applies; the (Na+K) , Velues (Fig. 5A or 5B) then the ratio
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Fig. 5. ALKALI AMPHIBOLES
Na-B7/ 1.34
A, (NaA-K)A>, 0.50
0.00 0.50 1.00
0.00
Ferro-eckermannite Arfvedsonite
(Kozulite, if Mn in formula~
position C322.50)
0.50
Mg Eckermannite Magnesio-arfvedsonite
Mg + Pe’
1.00
Peo/(Feo+21"%)
B. (Na+K),<0.50
0.00 0.30 0.70 1.00
0.00
Ferro-
glaucophane Riebeckite
0.50 Crossite
Magnesio~
_1.48_2. Glaucophane riebeckite
Mg + Fe
1.00

Feo/(Fe +a1

)
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Fe’/(Fe+A1'T) and thirdly the ratio Mg/(Fe’+Mg). The final step is dealt with
by the prefixes already given together with those given below and 16 variables
are implicitly or explicitly conveyed by the name — Si, Ca, Ti, F, Cl1, K, Id,
Mn, Zn, Or, OH, 0, Fe3/(Fe3+A1V1), Pb, Fe2/(Fe®4Mg) and (Na+K)p. EKozulite'is
newly described (Nambu et al., 1969).

Special prefixes for the alkali amphibole group

Calcian when Ca 2 0.50 (about 3% Ca0)
Lithian when ILi 2 0.50 (about 1.0% L120)

The optical variations in this group are so complex and so irregularly related
to composition that no formal 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, O or R for the four different
orientations if it is required to emphasize this aspect.

This section was approved by 12 votes for, O against and 1 abstention.
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6. Pormal Resolutions adopting the Proposed Amphibole Nomenclature

Throughout, roman superscripts refer to co-ordination mubers and arabic
superscripte to charges.

1. For the purposes of the following resolutions the standard amphibole formula
is taken to contain 8 tetrahedral sites and the general form of the standard
formula is:

VI IV
5.1 Bp O5 Tg' 0,p(0B,F,C1),
In the calculation of the standard amphibole formula the following procedure
18 recommended:

(1) If the water and halogen contents are well established, or if there is
physical evidence that the amphibole is an oxy-amphibole, the formula
should be caloulated to 24(0,0H,F,C1)
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(2) If the water plus halogen content is uncertain the formula should be
caloulated on a water-free (and halogen free) basis to 23(0) and
2(0H,F.Cl) assumed.

(3) Sum T to 8.00 using Si, then Al, then Crs, then FeB, then T14.

(4) Sum C to 5.00 using excess Al, Cr, Ti, Fe> from (2), then Mg, then Fe>,
and then Mn,

(5) Sum B to 2.00 using excess Fe2, Mn, Mg from (3), 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.

The iron-magnesium-manganese amphiboles are amphiboles defined by possessing
(Ca+Na)B< 1.34 in the standard formula.

- The formalised end-member formulae for the orthorhombic members are as

follows.
Magnesio-anthophyllite Mg7S18022(0H)2
2

Ferro-anthophyllite Fe7S:i.8022(0H)2
Sodium anthophyllite Na(Mg,Fe2)7Si7A1(OH)7
Magnesio-gedrite Mg5A12816A12022(OH)2
Ferro-gedrite Fe§M2316A12022(OH)2

X 2
Sodium gedrite Na(Mg, Fe )6A1316A12°22(°H)2
Magnesio-holmquistite uzMg5M2818022(0H)2
Ferro-holmquistite LizFe§A12818022(03)2

Magnesio—anthophyllite is to be used for orthorhombic amphiboles chemically
defined with respect to the standard formula as follows:

(CatNa) < 1,343 Li<1.00; SiZ7.00; Mg/ (Mg+Fe>)Z 0.90.

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

(CatNa) < 1.34; 11<1,00; SiZ7.00; Mg/(Me+Fe®) between 0.10 and
0,89 inclusive,

FPerro—anthophyllite is to be used for orthorhombic amphiboles chemically
defined with respect to the standard formula as follows:

(Ca+Na).<€1.34; I11<1.00; Si27.00; (Mg+Fe2) <0.10.
B

Magnesio—gedrite is to be used for orthorhombic amphiboles chemically
defined with respect to the standard formula as follows:

(Ca.+Na.)B<1.34; 1i<1.00; 5i<7.00; Mg/(Mg+Fe2)zo.9o.

Gedrite ie to be used for orthorhombic amphiboles chemically defined with
respect to the standard formula as follows:

(CatNa)p< 1.343 Li<1.,00; S5i<7.003 Mg/(Mg+Fez) between 0.10 and
0.89 inclusive.
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Ferro-gedrite is to be used for oxrthorhombic amphibdles chemically defined
with respect to the standard formula as follows:

(Ca+la), < 1.34; 14 <1.00; S1<7.00 Mg/ (Mg+Fe>) < 0.10.

Magnesio-holmquistite is to be used for orthorhombic amphiboles chemically
defined with respect to the standard formula as follows:

(Ca+Na) < 1.34; 1iZ1.00; Mg/(Mg+Fe2)Zo.9o.
B

Ferro-holmguistite is to be used for orthorhombic amphiboles chemically
defined with respect to the standard formmla as follows:

(CaA-Na)B<1.34; Li 21,003 Mg/(Mg+Fe2)<0.10.

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

Ca+Na),,<1.343 LiZ1.00; Mg+Fe2 between 0,10 and 0,89 inclusive.
B

The prefix sodium is tobe used within the orthorhombic amphibole group for
amphiboles with Na2 0.50 in the standard formula.

The prefix alumino- is to be used within the anthophyllite subgroup for
amphiboles with AleBO.SO in the standard formula.

The formalised end-member formulae for the monoclinic members are as followss

Magnesio-cummingtonite Mg7318022(0H)2

Grunerite Fe$318022(03)2
Magnesio-clincholmquistite 1;12141531112313022(OH)2
Ferro-clinoholmquistite m2Fe3A12s18022(03)2

Tirodite m2Mg5518022(03)2

Dannemorite 1~ax>121*e53j.8022(011)2
¥agnesig—cummingtonite is to be used for monoclinic amphiboles chemically

defined with respect to the standard formmla as follows:
(CasNa)y<1.34; 14<1.00; Mn<0.50; Mg/ (Mg+FeZ)Z 0.70.

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

(CasNa) < 1.34; 11<1.005 Mn< 0,505 Me/(Mg+FeZ) between 0.30 and

0,69 inclusive.

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

(Catla)y<1.34; I14<1.00; Ma<0.50; Mg/ (Mg+Fe>) < 0.30.

Magnesio-clinoholmquigtite is to be used for monoclinic amphiboles chemically
defined with respect to the standard formula as follows:

(CasNa);<1.34; 1121.00; Mg/(MgsFo®)Z 0.90.

549
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Ferro-clinoholmquistite is to be used for monoclinic amphiboles chemically
defined with respect to the standard formula as follows:

(CatNa).< 1.34; LiZ1.00; Mg/(Mg+FeZ)<0.10.
B

Clino~-holmquistite is to be used for monoclinic amphiboles chemically
defined with respect to the standard formula as follows:

(Ca+Na)B<1.34; 1iZ1,00; Mg/(Mg+Fe2) between 0,10 and 0,89 inclusive.

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

(ca+Na)B<1.34; 1i<1.,003 Mn20.50; Mg/(Mg+Fe2)<0.50.

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

(CatNa);<1.34; 1i<1.005 Mn20.50; Mg/ (Mg+Fe>) 0.50.

The prefix sodian is to be used within the monoclinic iron-magnesium—
manganese amphiboles when Na2 0.25 in the standard formula.

The prefix calcian is to be used within the iron-magnesium-manganese amphi-
boles when Ca2 0,50 in the standard formula.

The calcic amphiboles are monoclinic amphiboles in which the standard formula
contains (Ca+Na)Bz 1.34 and Nay<0.67. Usually Cay>1.34.

The formalised end-member formulae are as follows:

Tremolite
Ferro~-actinolite
Edenite
Ferro-edenite
Pargasite
Perro-pargasite
Hastingsite
Magnesio-hastingsite

Tschermakite
(Alumino~tschermakite)

Ferro-alumino-tschermakite
Ferri-tschermakite
Ferro~-ferri-tschermakite
Magnesio-hornblende

Ferro-hornblende

Oa Mes5140,,(0H),
CazFeSSieoza(OH)z
Na.CaZMgSSi.TAJ.Ozz(OH)z
NaCaZFeESi7AlO22(OH) )
NaCa, Mg 4A1316A12022(0H)2
NaCazFeiAlSiGAlzozz(OH)z
NaCazFeiFeBSiGAl2022(OH)2
NeCa Mg 4Fe38i6A12022(0H)2
Ca Mg A1,51,.41,0,, (0K),
CazFe§A12816A12022(0H)2
Ca2Mg3FeZSi6A12022(OH)2
CazFegFegSi6A12022(0H)2
Ca Mg 4A1817u022(0H)2
CazFeiAlSi,?AlOzz(OH)Z
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Kaersutite NaCa,Mg 4'1‘iSi6A12(0+OH)2 4
Ferro-kaersutite NaCa,Fe 4T1816A12(0+OH)2 4

Tremolite is to be used for amphiboles chemically defined with respect to
the standard formula es follows:

(Ca+Na)Bz1.34; Na < 0,673 (Na.+K)A< 0,503 Si27.50; Mg/(Mg+Fe2)Zo.

Actinolite is to be used for amphiboles chemloally defined with respect to
the standard formula as follows:

(CatNa) 21,343 Fa,<0.67; (Na+K),<0.50; S127.50; Mg/ (Mg+Fe®)
between 0,50 and 0.89 inclusive.

Ferro-actinolite is to be used for amphiboles chemiocally defined with respect

to the standard formula as follows:
(cm:a)Bz 1.34; Nay< 0.67; (NMK)A< 0.50; S1i27.503 Hg/(}!g\+F92)<0.

Tremolitic hornblende is to be used for amphiboles chemically defined with

respect to the standard formula as follows:

(CatNa) 21,345 Nay<0.67; (Na+K),<0.50; Me/(MetFe®)Z0.90;
Si betwéen 7.25 and 7.49 inclusive.

Actinolitic hornblende is to be used for amphiboles chemically defined with

respect to the standard formula as follows:

(Ca+Na), 21,34; Na_ <0.67; (Na+K) 4 0505 Hg/(Mgw-Fez) between
0,50 and 0.89 inclusSive and Si between 7.25 and 7.49 inclusive,.

Ferro—-actinolitic hornblende is to be used for amphiboles chemiocally defined
with respect to the standard formula as follows:

(Ca+Na) 21,345 Nap <0.67; (Na+K),<0.50; Mg/(MesPa®)< 0.50;
Si between 7.25 T.49 inclusive.

Magnesio~hornblende is to be used for amphiboles chemically defined with
respect to the standard formula as follows:

(Ca+a),® 1,345 Nay<0.67; (Na+K),<0.50; Me/(Ma+Fe?)= 0,503
Si between 6.50 and 7.24 inclusive.

Ferro~-hornblende is to be used for amphiboles chemically defined with respect
to the standard formula as follows:

(Ca+Na)., 2 1.34; Nay< 0.673 (NMK)A<'0.50; Mg/(Hg\+F92)<O.50;
Si between 6,50 and 7.24 inolusive.

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

(Ca+Na),, = 1.34; <0,67; _(Na+K), < 0.50; M&/(Mg+Fe>) Z 0,505
Si betwéen 6.25 and 6.49 inclusive;  Ti<0,50.

Ferro-tschermakitic hornblende is to be used for amphiboles chemically
defined with respect to the standard formula as follows:

(Cas¥a),21,34; Na,<0,67; (Na+K),<0.50 Ma+Fe2)< 0,50
81 betwaen 6,25 &6.49 inolusive;? T1<50350?5/( ) ’
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Techermakite is to be used for amphiboles chemically defined with respect
to the standard formula as follows:

(Casla)g 21.34; Nay<0.67; (NatK), <0.503 Mg/ (Mg+Fe?) > 0,503
S1<6.28; T1<0.50°

Ferro-tschermakite is to be used for amphiboles chemically defined with
regpect to the standard formula as follows:

(Ca+la), 21.34; Nay< 0,673 (Na+K),< 0.50; Mg/(Mg+Fe2)< 0,503
8i<6. 25; Ti<0,50.

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

(Ca+Na);21.34; Nay<0.67; (Na+K),Z 0,503 Mg/(Mg+Pe’)Z 0.50;
51 between 6.75 and 7.25 i.nclusive.

Ferro—edenite is to be used for amphiboles chemically defined with respect
to the standard formula as follows:

(0a+Na) 21,343 <0,67; (Na+K),Z 0.503 Mg/ (Mg+Fe®) < 0.503
Ssi be en 6.75 Te25 inolusive.

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

(Cama) 21,343 <0.67; (Na+K),2 0.503 ¥g/(Mg+Fe®) 2 0.50;
Si betw en 6.50 a.ugBG 74 inolusive.

Ferro—edeni tic hornblende is to be used for amphiboles chemically defined
with respect to the standard formula as follows:

(CHNB-) Z1.343 an;B<o 673 (NMK) Z 0,505 M&/(HGWFG ) <0.50;
Si betwi en 6.50 6.74 inclusive.

Pargasitic hornblende is to be used for amphiboles chemically defined with
respect to the standard formula as follows:
(Ca+Na) 2 1,34; NaB<o.67; (M);o 503 ng/(ng v1° <703
Si betwgen 6.25 and 6.49 inoclusive; Ti<0.50; Fe’ <Al

Ferroan pargasitic hornblende is to be used for amphiboles chemically defined
with respect to the standard formmla as follows:

(Ca+Na)p>1.34; Nap <0.67; (Na+K)p=0.50; H&/(Mg+Fe ) between 0,30
a.nd 0. 6811n01u51ve; Si between 6.25 and 6.49 inclusive; Ti<0.503
Fed< Al

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

(Cosa)g21.34; Nap<0.67; (Navk)2 0.503 Ma/(Me+Fe®) 2 0,703
§1<6,25; T1<0.,50; Fed<Al

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

2
(C&&Ba 21,343 < 0,673 (HMK) 20.503 gg/( Fe ) between 0,30
and O, 1!10111!1'::3 81<6.25; T1<A0.50; S&.
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11,21 Fexro-pargasite is to be used for amphiboles chemically defined with respect
to the standard formula es follows:

(Ca+Na)p21.34; Na <O, 67; &“K)A' 0.50; Mg/(Mg+Fe?)<0.30;
S1<6.,25; Ti<0,50% Fed?<a1

11.22 Magnesio-hastingsitic hornblende is to be used for amphiboles chemically
defined with respect to the standard formula as follows:

(Ca+Na)_ = 1.34; Ne.B<0 675 (Na+K), 2 0.50; Me/( +F92 = 0,703
S1 betwlen 6,25 andb6.49 inclusivej® TL<0,50; Fe>> Al

11.23 Megnesian hastingsitic hornblende is to be used for amphiboles chemically
defined with respect to the standard formula as follows:

(Ca+Na), = 1.34; Nay, <0.67; (Na+K), 2 0,503 Hg/(Mg+Fe2) between 0.30
0.6 inolusive; Si between 6,25 and 6.49 inolusive; Ti<0.50;
Fe’> A1V1

11.24 Hastingsitic hornblende is to be used for amphiboles chemically defined with
respect to the standard formula as follows:

(CMN&)BZ1.34; Na, <0,67; (Na+K),=0,50; Hgé(ldngez)< 0.30; Si
betweenD6,25 and 6.39 inclusive; TE<0.50; Fe>> A1Vl

11.25 Magnesio-hastingsite is to be used for amphiboles chemically defined with
respect to the standard formula as follows:

(Ca+Na)p21.34; Nay<0.67; g_rgux);o .50; Mg/(Mg+Fe?)Z 0.70;
Si< 6. 25; Ti<0,503 Fe > Al

11.26 Magnesian hastingsite is to be used for amphiboles chemically defined with
respect to the standard formula as follows:

(Ca+Na),21.34; Na,<O0.67; (Na.+K) 20.503 (MgyFe ) between 0,30
and 0.63 inolusive‘:.B S1<6.25; '1‘1<0 503 egg/ Hﬂ

11,27 Hastingsite is to be used for amphiboles chemicelly defined with respect
to the standard formula as follows:

(Ca+Na), 21.34; Na_ <O. 5 (Wa+K) 2 0.50; Mg/(Mg+Fe) < 0,305
51<6.25; m<o.5g];3 Fe W A

11,28 Kaersutite is to be used for amphiboles chemically defined with respect to
the standard formula as follows:

(Casia), 21,343 Nay<0.67; Mg/(MgsPe’)20.50; S1<6.50; TiZ0.50.

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

(CasMa);2 1.34; Nay<0.6T3 Mg/(Mg+Fe>) <0.50; S1<6.50; Ti20.50.

12,1 The prefix suboalcic is to be used within the calcic amphibole group for
amphiboles with Ca<1.50 in the standard formula.

12,2 The prefix alumino- is to be used within the calcic amphibole group for
amphiboles with Al in six fold co-ordination 21,00 in the standard formula.
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12,3 The prefix sodian is to be used within the calcic amphibole group for
amphiboles with Na21.00 in the standard formula.

12,4 The prefix silicic is to be used within the calcic amphibole group for
amphiboles with S1>7.25 when (Na+K) AE 0.50.

13. The sodic~calcic amphiboles are monoclinic amphiboles in which (CMN&)B?- 1.34
and Na.B is between 0,67 and 1.33 inclusive.

14. The formalised end member formulae are as follows:

14,1  Alumino-winchite Ca.NaMg‘iAlSisozz(OH)a
14.2  Perro-alumino-winchite cam'eiumeozz(on)z
14.3 Perri-winchite CaNaMg4Fe3818022(OH)2
14.4 Perro-ferri-winchite cmareiFJSieozz(on)z
14.5 Alumino-barroisite CaNaMg3M2817A1022(0H)2
14.6  Perro-alumino-barroisite CaNaFe§A12817A1022(OH)2
14.7 TFerri-barroisite Ca.NaMgBFeZSi,?AlOZZ(OH)z
14.8 Ferro-ferri-barroieite cmva.Fe%ma2317.410,‘,,‘,(0H)2
14.9 Richterite NaCa.NaMgSSiBOZZ(OH)Z
14.10 Ferro-richterite NaCaNa.Fe?Sieozz(OH)z
14,11 Magnesio-ferri-katophorite NaCaNaMg4Fe5517A1022(0H)2
14.12 Magnesio-alumino-katophorite NaCa.Na.4Mg4AISiTA1022(0H)2
14.13  Alumino-katophorite NaCaNaFeiAlSi.?AlOZZ(OH)Z
14.14 Perri-katophorite NaCaNaFeiFe3Si7A1022(on)2
14.15 Perri-taramite NaCaNaFe%FegSiGAlzozz(OH)z
14.16 Magnesio-ferri~taramite Na.CaNaMgBFezSiGA.lzozz(OH)z
14.17 Alumino—taramite NacaNaFe§A12516A12022(on)2
14.18 Magnesio-alumino-taramite NaCa.uaMg3A12316A12022(03)2

15.1 Winchite is to be used for monoclinic amphiboles chemically defined with
respect to the standard formula as follows:

(Ca+Na)B?-1.34; Na_ between 0,67 and 1,33 inclusives (Na+K)A<0.50;
2
512 7.50; Mg/(Mg+Fe )= 0.50.

15.2 Ferro-winchite is to be used for monoclinic amphiboles chemically defined
with respect to the standard formula as follows:

(Cama)Bz 1.34; N 2‘between 0.67 and 1.33 inclusive; (Na+K) 4~ 0503
81217.50; Mg/(Mg+Fe“)<0.50.
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Barroisite is to be used for monoclinic amphiboles chemically defined with
respect to the standard formula as follows:

(cmxa) 21,343 NEB between 0.67 and 1.33 inclusive; (Na+K) 5, <0.503
§1<7.504 Mg/ (Mg+Fe°) Z0,50.

Ferro-barroisite is to be used for monoclinic amphiboles chemically defined
with respect to the standard formula as follows:

(Ca+Na)_ 21,34; N 2between 0.67 and 1.33 inclusive; (Na+K)A<0 503
si<7. 58 Mg/(Mg+Fe )<0.50.

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

(Ca+Na)_21.34; N between 0.67 and 1.33 inclusive; (NMK)A>0 503
81 27.503 Mg/(Mg+Fe ) 20.50.

Ferro-richterite is to be used for monoolinic amphiboles chemically defined
with respect to the standard formula as follows:

(Ca.+Na) z1, 34; Nay between 0.67 and 1.33 inclusive; (Na+K), Z 0,503
2 A
siz17. 8 Mg/ (Mg+Fe ) <0.50.

Magnesio-katophorite is to be used for monoclinic amphiboles chemically
defined with respect to the standard formula as follows:

(Ca+Na) 21.343 Na, between 0.67 and 1.33 inclusive; (Na+K) A> 0.503
si between 6.50 and 7.49 inclusive; Mg/(Mg+Fe")20.50.

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

(Ca.-o-Na) 21.34; Nay between 0,67 and 1.33 inolusive; (Na4K) 4= 0.503
si 'between 6.50 and 7.49 inclusive; Mg/(Mg+Fe~)<0.50.

Magnesio—taramite is to be used for monoclinic amphiboles chemically defined
with respect to the standard formula as follows:

(ca,ma)B-1 34; Nay between 0,67 and 1.33 inolusive; (Na+K), 2 4= 0503
51<6.505 Mg/(Mg+Fe®)Z 0.50.

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

(Ca+Na) 21.343 N between 0.67 and 1.33 inclusive; (Na+K),Z 5> 0.503
si<6, 50; ng/(ng+re )<0.50.

The prefix alumino- is to be used within the soda calcic amphibole group
when Al in six fold co-ordination21.00 in the standard formula,

The alkali amphiboles are monoclinic amphiboles in which Na.BZ1.34.
The formalised end member formulae are as follows:

Glaucophane NaZHg3A1 S140,,(0H),
Perro-glaucophane NazF‘eSAleieOzz(OH)z



556

18.3
18.4
18.5
18,6
18.7
18.8
18.9
19.1

19,2

19.3

19.4

19.5

19.6

19.7

19.8

19.9

INTERNATIONAL MINERALOGICAL ASSOCIATION

3
Magnesio-riebeckite NaZMgBFeZ&B 22(OH)2
Riebeckite NazFezFe §140,,(0H),,
Bekermannite NaNazMg 41810 2(0}1)2
Ferro-eckermannite NaNa,Fe AlS:I.8022(OH)2
Magnesio-arfvedsonite Nala, Mg, Fe SJ.B 22(OH)2
Arfvedsonite NaNazFe%'e §140,,(0H),
Kozulite NaNa.ZMn Fe 518022(011)2

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

Nag21.34; (Na+k),<0.505 Po/(Fe’+Mg) <0.50; Fe’/(Fe’+41')<0.30.

Ferro-glaucophane is to be used for amphiboles chemically defined with
respect to the standard formumla as follows:

Nag21.34; (Na+K);<0.505 Pe’/(Fe’stig)X0.50; Feo/(Fe +a1"Y) < 0,30,

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

Nap21.34; (NasK),< 0,505 Feo/(Fe>+41'L) between 0,30 and 0.69
inclusive.

Magnesio-riebeckite is to be used for amphiboles chemically defined with
respeot to the standard formula as follows:

Nap 21,345 (Na+K),<0.50; Fo /(Fe’+Mg) <0.50; Feo/(Fe +A1' ) 20,70,

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

Nag21.34; (Na+K),<0.50; Fe 2/(7e? +Mg)>0.50; Feo/(Feo+A1' 1) 2 0.70.

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

Na._B-1 o343 (Na.+K)A>0 50; Pe /(Fe +Mg) <0.50; Fe3/(Fe +A1 )<o.5o.

Ferro—eckermannite is to be used for amphiboles chemically def:.ned with
respect to the standard formula as follows-

Nagz1.34; (Na+k),20.50; Fe’/(Pe’+lig) 20,505 Pe’/(Fe'+41'")<0.50.

Magnesio-arfvedsonite is to be used for amphiboles chemically defined with
respect to the standard formula as follows:

Nag21.34; (Na+K),20.50; Fe /(Fe +Mg) <0.50; Fe3/(Fe +A1 )>o 50,

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

NagZ 1.34; (Na+K),2 0.505 Po2/(Fe4Mg)2 0,50; Pe>/(Pe +A1Y)Z 0,50;

an< 2,504
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Kozulite is to be used for amphiboles chemically defined with respect to
the standard formula as follows:

NayZ1.345 (Na+k),Z 0,505 Ma’/(Mg+Fesn®)> 0,33; Foo /(a1 L4Fe’) =
0.503 Mnciz;so.

The prefix calcian is to be used within the alkali amphibole group for
amphiboles with Ca20.50 in the standard formula.

The prefix lithian is to be used within the alkali amphibole group for
amphiboles with 1i2 0,50 in the standard formula.

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

chlor when Cl 2 1.00

chromium when Cr 2 1.00

chromian when Cr = 0.25-0.99

ferri when Fe3 2 1.00 except in alkali amphiboles and hastingsite
ferrian when Fe3 = 0,75~0.99 except in alkall amphiboles and hastingsite
fluor vhen F Z 1,00

hydro when OH 2 3,00

lithian when ILi 2 0,25 except in alkali emphiboles when lithian is

used when Ii2 0,50, Not used with holmguistite
and clinoholmquistite.

manganese when Mn 2 1.00 except in end-members containing Mn
manganoan when Mn = 0.25-0.99 except in end-members oontaining Mn
oxy. when (OH+F+Cl) is confirmed as<1.00

plumbian when Pb 2 0,08

potassium when K 2 0.50

potassian when K = 0,25-0,49

subsilicio when Si < 5.75

titanium when Ti 2 1,00 except in kaersutite

titanian when Ti = 0,25-~0,99 except in kaersutite
zinc when 2Zn 2 1,00
zincian wvhen Zn = 0,25-0.99

Physically identified amphiboles should be named according to the nearest
identifiable end-member which should be made into an adjective to be followed
by the word amphibole,

Hornblende is to be used for calcic amphiboles identified solely or largely

by their physical properties and not confidently identifiable as near to an
end~member.,

Each part of the above section 6 was voted on separately and received at least 10,
and usually 12 or 13 affirmative votes (out of 13) except for sections 11 and 19
vwhich received 9 for, 2 against and 2 abstentions.
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7. Amphibole Kames Recommended for Extinction
1t is agreed that the following amphibole names be formally abandoned.

Abkhazite
Abriachani te
Achromaite
Actynolin
Actynolite
Actinote

Aktinolitischer tschermakite
Alkali-femaghastingsite
Alkali-ferrohastingsite

Alkali-hastingsite

Amiant(h)
Amianthoide
Amianthinite
Amjanthus
Amosite

Amphibole-anthophyllite

Amphibolite
Anophorite

Anthogrammatite
Anthogrammi te
Antholite
Antholith
Anthophylline

Anthophyllite reyorn#

Antiglaucophane
Arfwedsonite
Asbeferrite
Asbestinite
Asbestoide
Asbestus
Astochite
Astorit(e)
Bababudani te
Barkevicite
Barkevikite

Basaltic hornblende

Basaltine
Bedenite
Bergamagkite
Bergamaschite
Bergflachs
Bergfleisch
Berghaar
Berghaut
Bergholz
Berghork
Bergpapier
Bergwolle
Bidalotite
Borgniezite
Breadalbanite
Bysseolite
Calamite

[ O Y Y - S O 1T (O BT O |

tremolite

riebeckite

hornblende

actinolite

actinolite

actinolite

magnesio- or ferro- hormblende

sodian potassian magnesian hastingsite

sodian potassian hastingsite

sodian potassian (hastingsite to magnesio-
hastingsite)

asbestos

asbestos

asbestos

agbestos

asbestiform grunerite or anthophyllite pre 1948

cummingtoni te

hornblende

titanian calocian magnesio-arfvedsonite

anthophyllite

anthophyllite

anthophyllite and cummingtonite

anthophyllite

anthophyllite

anthophyllite

glaucophane or orossite

arfvedsonite

asbestos

asbestos

asbestos

asgbestos

manganoan richterite

richterite

magnesio-riebeckite

(sometimes sodian) ferroan or ferro-pargasitic
hornblende, but has been used for other compo-—
gitions and has never been chemically defined

an oxyhornblende, often ferri- or ferrian
titanian (magnesio or magnesian hastingsite)

oxyhornblende + augite

ferrian actinolitic hormblende

hastingsite

hastingsite

asbestos

asbestos

asbestos

asbestos

agbestos

asbestos

asbestos

asbestos

gedrite

sodium amphibole

hornblende

asbestos

tremolite
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Carinthine = hornblende, often pargasitic hornblende
Carystine = asbestos
Cataphorite = kataphorite = katophorite
Catophorite = katophorite
Cataforite = katophorite
Chernyshevite = sodium amphibole
Chiklite = manganoan ferri-ferro-richterite
Chrome~-tremolite = tremolite or actinolite
Clino-anthophyllite = magnesio-cumingtonite
Clinokupfferite = cumningtonite
Crocidolite = asbestiform riebeckite
Daschkesanit = chlor potassian hastingsite
Dashke(s)sanite = chlor potassian hastingsite
Diastatite = hornblende
Eckrite = winchite
Eisenrichterite = ferro-richterite
Fasgciculite = hornblende
Femaghastingasite = magnesian hastingsite
Feranthophyllite = ferro-anthophyllite
Ferrian pargasite = podian manganoan magnesio-hastingsite
Ferri- edenite = ferro-~edenite
Ferriglaucophane = magnesio-riebeckite
Ferrihedrite = ferri-gedrite
Ferririchterite = manganoan magnesio-arfvedsonite
Perri-tremolite = ferri~-ferro-actinolite
Ferrohastingaite = hastingsite
Perro-tremolite = ferro-actinolite
Gamsigradite = manganoan (magnesio~hornblende or edenite)
Gastaldite = glaucophane
Girnarite = pubsilicic titanian sodian magnesian hastingsite
Grammatite = tremolite
Gramatit-strahlstein = tremolite
Griqualandite = crocidolite
Grinerite = grunerite
Heikolite = crossite
Heikkolite = crossite
Heterotype = amphibole and pyroxene
Hexabolit = oxyhornblende
Hexagonite = manganoan tremolite
Hill4ngsite = damemorite
Hoepfnerite = +tremolite
Holzasbest = agbestos
Hudsonite = hastingsite
Imerinite = magnesio-arfvedsonite
Iron-anthophyllite = ferro-anthophyllite
Iron-hornblende = oxy-manganoan potassian ferrian ferro-hornblende
Iron-richterite = ferro-richterite
Isabellite = richterite
Juddite = manganoan magnesio-arfvedsonite
Kalamite = tremolite
Kalio-magnesio-katophorite = titanian potassian richterite
Karinthin = hornblende, often pargasitic hormblende
Kidney stone = actinolite
Kievite = ocumningtonite
Kirwanite = impure altered amphibole
Kokscharowit = edenitic amphibole
Kokscharovite = edenitic amphibole
Krokidolite = orocidolite
Krokydolith = orooidolite

=

Eupfferite (Allen & Clement) magnesio-anthophyllite
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Kupfferite 2Hemnn)
Kupfferite (Koksharov)
Kymatine

Labrador hornblende
Lamprobolite

Laneite

Linosite

Li thionglaukophan

Li thium-amphibole

Maganthophyllite
Magnesia-arfvedsonite
Magnesian glaucophane
Magnophorite

Magnesium anthophyllite
Mangan-actinolite
Mangan amphibole
Mangan crocidolite

Montasite
Natrongrammatit
Natronrichterite
Naurodite
Nephrite
Noralite
Nordenski¥ldite
Orniblende
Orthoriebeckite
Osamnite
Philipstadite
Picroamosite
Pilite
Pseudoglaucophane
Prismatic sohillerspar
Raphilite
Rezhikite
Rhodusite
Rimpylite
Sebesgite
Silb8lite
Sillbdlite
Silfbergite
Simpsonite
Smaragdite
Smaragditic grammatite
Smaragditic tschermakite
Soda asbestos
Soda hornblende
Soda richterite
Soda tremolite
Soretite
Speziatite
Strahlstein
Strelite

chromian anthophyllite

chromian anthophyllitic amphibole

agbestos
orthopyroxene
oxyhornblende

ferroan or ferro-pargasitio hornblende

ferri or ferrian oxy kaersutite
holmquistite

lithian amphibole, holmquistite and olino-

holmquistite

magnesio—-anthophyllite

magnesio-arfvedsonite

glaucophane

titanian potassian richterite

magnesio-anthophyllite
oan actinolite

thodonite (not an amphibole)

manganoan riebeckite

manganoan riebeckite

tirodite

manganoan tremolite

manganoan magnesio—arfvedsonite

manganoan richterite

potassian taramite

asbestos

asbestiform grumerite

richterite

manganoan richterite

alkali amphibole

actinolite

ferro-hornblende

tremolite

hornblende

riebeckite

riebeckite

ferrian ferro-hormblende

ferrian anthophyllite

actinolite pseudomorph

glaucophane or crossite

anthophyllite

tremolite

magnesio-riebeckite or magnesio-arfvedsonite

magnesio-riebeckite
hornblende

tremolite

actinolite

actinolite

dannemorite

titanian potassian richterite
actinolite or hornblende
tremolite

tschermakite or tschermakitic hornblende

magnesio-arfvedsonite
arfvedsonite

manganoan richterite
richterite

magnesian hastingsite
bornblende

actinolite

actinolite or anthophyllite
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Subglaucophane

Svidneite

Syntagmatite (Troger 1952)
Szechenyiite

Szechonyit

Ternovsekite

Thalackerite

Tibergite

Titanhormblende
Tonerdehaltiger gtrahlstein
Torendrikite
Tremolite~glaucophane
Tschernischewit

Uralite

Valleite

Waldheimite

Wallerian

Weinschenkite

Zillerite

Zillerthite

Zinc~-manganese-cummingtonite

naean e nw e nRuR

crossite

oxy magnesio-~riebeckite
titanian hastingsite

richterite

richterite

magnesio-riebeckite
anthophyllite

manganoan sodian magnesio-hastingsite
aenigmatite

tremolite

magnesio~riebeckite

richterite

sodium amphibole

actinolite pseudomorph

calcian manganoan anthophyllite
richterite

hornblende
ferri-magnesio-hornblende or magnesio-hastingsite
actinolite

actinolite

zine tirodite

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

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

The compiler particularly draws the attention of mineralogists to the
abandonment of barkevikite, basaltic hormblende, carinthine, ferrohastingsite,
grammatite, 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+FeZ)
from electron microprobe analysis.

obtained and so
to calculate Fe2

accurately obtained

) cammot b
S+Fe 5) could not be

Agreement to use Mg/(Mg+Fe

it will_be essential to examine critically the procedure adopted
and Fe3 when only the total Fe has been determined.
procedures could give different names to same chemical analysis.

Different
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
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be most conveniently dealt with 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?*/Fe3* 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 4 and
B sites, and then adjust the Fe?*/Fe3* ratio to

bring O+OH to 24 (or, if H,O 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 for the Al-free or Al-poor orthoamphi-
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 propertics and paragenesis as, for
example, ‘not far from richterite’, it should be
termed a ‘richteritic amphibole’, et sim. 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,
Ca,Mg;Mn,SizO,,(OH),, 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 -ian 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 = calciféere  (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(1)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 arc formally defined. Limits are proposed
in the Report (pp. 3-4) for the use of the adjectival
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modifiers chromian, ferrian, lithian, manganoan,
plumbian, potassian, titanian, and zincian.

Actinolite 11.2

Actinolitic hornblende 11.5
Alumino- 5.2, 12.2, 16
Alumino-barroisite 14.5
Alumino-katophorite 14.13
Alumino-taramite 14.17
Alumino-winchite 14.1
Anthophyllite 4.2

Arfvedsonite 18.8, 19.9
Barroisite 15.3

Chlor- 21.1

Chromium- 21.2
Clino-holmquistite 7.6

Crossite 19.3

Cummingtonite 7.2
Dannemorite 6.6, 7.8
Eckermannite 18.5, 19.6
Edenite 10.3, 11.13

Edenitic hornblende 11.15
Ferri- 21.4

Ferri-barroisite 14.7
Ferri-katophorite 14.14
Ferri-taramite 14.15
Ferri-tschermakite 10.11
Ferri-winchite 14.3
Ferro-actinolite 10.2, 11.3
Ferro-actinolitic hornblende 11.6
Ferro-alumino-barroisite 14.6
Ferro-alumino-tschermakite 10.10
Ferro-alumino-winchite 14.2
Ferroan pargasite 11.20
Ferroan-pargasitic hornblende 11.18
Ferro-anthophyllite 3.2, 4.3
Ferro-barroisite 15.4
Ferro-clinoholmquistite 6.4, 7.5
Ferro-eckermannite 18.6, 19.7
Ferro-cdenite 10.4, 11.14
Ferro-edenitic hornblende 11.16
Ferro-ferri-barroisite 14.8
Ferro-ferri-tschermakite 10.12
Ferro-ferri-winchite 14.4
Ferro-gedrite 3.5, 4.6
Ferro-glaucophane 18.2, 19.2
Ferro-holmaquistite 3.8, 4.8
Ferro-hornblende 10.14, 11.8
Ferro-kaersutite 10.16, 11.29
Ferro-pargasite 10.6, 11.21
Ferro-richterite 14.10, 15.6
Ferro-tschermakite 11.12
Ferro-tschermakitic hornblende 11.10
Ferro-winchite 15.2

Fluor- 21.6

Gedrite 4.5

Glaucophane 18.1, 19.1
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Grunerite 6.2, 7.3

Hastingsite 10.7, 11.27

Hastingsitic hornblende 11.24
Holmgquistite 4.9

Hydro- 21.7

Kaersutite 10.15, 11.28
Katophorite 15.8

Kozulite 18.9, 19.10

Magnesian hastingsite 11.26
Magnesian hastingsitic hornblende 11.23
Magnesio-alumino-katophorite 14.12
Magnesio-alumino-taramite 14.18
Magnesio-anthophyllite 3.1, 4.1
Magnesio-arfvedsonite 18.7, 19.8
Magnesio-clinoholmquistite 6.3, 7.4
Magnesio-cummingtonite 6.1, 7.1
Magnesio-ferri-katophorite 14.11
Magnesio-ferri-taramite 14.16
Magnesio-gedrite 3.4, 4.4
Magnesio-hastingsite 10.8, 11.25
Magnesio-hastingsitic hornblende 11.22
Magnesio-holmquistite 3.7, 4.7
Magnesio-hornblende 10.13, 11.7
Magnesio-katophorite 15.7
Magnesio-riebeckite 18.3, 19.4
Magnesio-taramite 15.9
Manganese- 21.9

Oxy- 21.11

Pargasite 10.5, 11.19

Pargasitic hornblende 11.17
Potassium- 21.13

Richterite 14.9, 15.5

Riebeckite 18.4, 19.5

Silicic 12.4
Sodium-anthophyllite 3.3, 5.1
Sodium-gedrite 3.6, 5.1
Subcalcic 12.1

Subsilicic 21.15

Taramite 15.10

Tirodite 6.5, 7.7

Titanium- 21.16

Tremolite 10.1, I1.1
Tremolitic hornblende 11.4
Tschermakite 10.9, 11.11
Tschermakitic hornblende 11.9
Winchite 15.1

Zinc- 21.18

Errata:

page 534, step (5) of the calculation of the standard
formula should read: (5) Sum B to 2-00 using
excess Fe?, Mn, Mg from (4), . . ..

page 536, fig. 1, the point labelled 067 Nag along
the left-hand back edge should read: 1-34 Nag.

page 538, resolution 3.3, for (OH); read (OH),.

page 549, resolution 6.4, for Fe; read Fe3.

page 549, resolution 6.6, for Fes read Fe.

page 551, resolution 11.1 should conclude:
Mg/(Mg+Fe?) = o-9o.

page 551, resolution 11.3 should conclude:
Mg/(Mg+Fe?) < 049.

page 554, resolution 14.12, for NaCaNa* read
NaCaNa.



