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When the standard formula of the amphiboles had been established (W. T.
Schaller 1016, B. E. Warren 1929 and 1930, W. Kunitz 1930) and its validity
also for the alkali- and sesquioxide-bearing hornblendes proved (\Warren
1930}, an attempt at a classification of the alkali-amphiboles on the hasis ot

i the formula was made by H. Berman and E. 5. Larsen (1931}, and a morc

PRI

general classification by Berman in 1937. The latter divided the elements present
in hornblendes into four groups W = (Ca, Na, K and sometimes Li; X = Mg,
[, Mn”, Al in part; ¥ = Al, Fe’”, Ti, principally; and 7 == %i principally

and Al in part. The species diztinguished on this basis were the following.

X Y Zo= SE AL

5 o 5 +1  Horablende-FEdenite
4 L 6 :2  Hastingsite

3 2 8o Glaucophana

1 Y S: o Arfvedsonits

In the ecarlier paper of Berman and Larsen a formula styled soda-tremolite
(Na,CaMg5i,0,(0OH),) had also been introduced, besides some formulas
withont O or with one atom of hydroxyle.

In 1943 A. ¥. Hallimond published a list of no less than 196 analyses of line-
bearing hornblendes calculated at atomic ratios according to the standard
formula, and showed that they can all be graphically reproduced if referred to

“the formulas 1) Ca,(Mgle”);S51,0,,(0H), (tremolite), 2) Ca,(MgFe'),Al,8,

0,, (OH), (styled as Ts), 3} Na,Ca, (Mg Fe’');ALS QO (styled as Ha).
The third of these is not in accordance with the amphibole formula as shown

TI—462066. S. . U., Ser, C, N0 280. Sundius.
i :




4 N. SUNDIUS.

by Winchell, who proposes that it be exchanged for two formulas NaCa,(Mgle'),
AlSi,0,,(OH), (hornblende-edenite) and NaCa,{Mglie”),Al,S1,0,,(OH), (hastings-
ite).

The papers cited above prompt the conclusion that the seemingly complic-
ated and confuscd relations in the hornblende group in reality can be expressed
by a fairly small numbcr of terms. Indeed all the formuilas used in the follow-
ing arc containcd in the works mentioned, though they contain some that are
not necessary. Also most of the principles of the substitutions, on which a gen-
eral classification must be founded, can be derived from the earlier papers. On
the other hand the earlier works are mcomplete, cspecially as regards the
alkaline hornblendes, nor are the relations within the individual series trcated.
For this reason it has seemed justifiable to take up the matter in a somewhat
broader connection.

A calculation of different types of hornblendes soon discloses that the chief
type-forming kinds of substitution in the group are restricted to the introduction
of alkalics and to the different manuners in which this is accomplished and to the
exchange of Si and (Mglic”) for Al. Upon applying this principle to tremolite
or actinolite, we get a small number of formulas in which the substitution
proper theoretically cannot proceed [arther or in practice has not proceeded
further than to a certain limit in the analysed amphiboles. Of these formulas
the former correspond to what may bc named end-members, the latter not. {n
the following both kinds arc called standard types, from which all mixtures
in the group can be derived.

In an additional chapter the solid solution rclations within the whole amphi-
bole group are briefly discussed. For the questions occurring here the opticel
relations play a conclusive role and for this reason and as the optical properties
are a mnecessary means for the delermination of the type of the specimens,
they have to be included.

The general hornblende formula.

In its simplest form, as realized in tremolite-actinolite, the formula of lime-
bearing amphiboles can be written X,Y;51,0,,i0i).. In the lattice the 24
O-atoms are linked together by eight Si-atoms to form chains of Si-O-tetra-
hedrons, which are bound together by scven metal atoms. The Jatter are of
two kinds, occupying positions with different size of the space rooms and with
different co-ordination numbers {8-co-ordination for the X-atoms, 6-co-ording-
tion for the Y-atoms). The X-atoms are large: the Y-atoms intermediate OT
smaller. Furthermore, the presence in the lattce of the so-called vacant spaces
malkes possible the introduction of further atoms in the frame-work of the horn-
blendes, and thesc may be of a sizc similar to that of the N-atoms. Remerm-
bering, too, that Si can be replaced partly by Al, the general formula of the horn-
blendes may be written: X,_; Y;72.0,,(OH), where X = Mu" (in part) Na, Ca,

o

> - : 7 SNy re T - : Tl
K and Ba and sometimes Li; Y = Al, T3, ' Te'”’, Mn'”, Mg, N1, 14, Fe'

y -

Zn, Mn" {in part); 7 = Si, Al and O3 can be replaced by IF or €. 'n the

1
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Y are always taken in this sense! For the sake of convenience
lkalies will be referred to the vacant spaccs when the sum oi the ciements
in X 1s greater than 2.

gEStandard types of substitution in the hornblende group.

The introduction of alkalies into the hornblendes can occur in three different
manners. 1f we start from the tremolite formula Ca,Mg,Sig0,,(OH}, the common-
est case is probably that alkalies occupy the vacant positions. in order to re-
establish the balance of the valences a corresponding number of Si-atoms

- must be exchanged for Al. This process can procced to the cxtent of 1 atom of
‘Na and 1T atom of Al for T atom of 51, when the vacant spaces are [illed. The

resultant hornblende NaCa,Mg;AlS1;0,,(01), may therefore be regarded as an

" end-member.

In the second case Ca is exchanged for Na. If one atom Ca is exchanged for

s the cquivalent amount of Na, thus Ca [or Na,, no other change is necessary

“in the constitution of the tremolite.

When this 1s accomplished the vacant
spaces arc filled and this kind of substitution cannot proceed farther. The re-

sulting hornblende (Na,CaMg,Si;0,,(0OH),) mayv therefore be regarded as an

! end-member,

RN

If the exchange of Ca for Na should continue further, it must be in the ratio
(a: Na. The balance of the valences 1s then disturbed and a surplus of negative
valences arises which must be saturated by the exchange of a divalent atom
of the group Y for a trivalent, 7. e. Mg by Al (or Fe'” by Fe”’). When this sub-

stitution is complete we get a new end-member (Na,Mg,AlSigO,,(OH),).

“to the ratio 1: 1, but imagine that the vacant spaces are not filled,

The same kind of substitution can also be realized under certain other circam-
stances. If we start again from tremolite and substitute Na for Ca according
MgFe”

-must be exchanged for Al or Fe’”. If the substitution is complete, we arrive at

“the formula NayMg,ALSi Ont()u)), which

also represents an end-member.
If Al is Introduced in the tremolite formnmula without the introduction ecf al-

s kalles, the valence balance is maintained by a contemporaneous exchange of

‘Mg and Si for Al Al If this substitution occurs alone, we obtain the formulas

s

Ca,Me,ALST; O (O H),, Ca,Mg,ALS1,0,,{0H),, and so on. This kind of substitu-
tion is fairly common in the lime-bearing hornblendes, but practically it does
“not go farther than to the last- mentioned for rmula, which is not an end-member,
buL for practical reasons it will be chosen as a standard formula.

The last-mentioned kind of substitution can also be combined with the one

“first mentioned. If we substitate Al Al for Mg and Si in the formula NaCa,

‘an end-member either

Mz ALS1 O (0OH),, we get the formula NaCa,MgAl,Si;0,,(0OH),. This is not

as, theoretically, the exchange of Mg Si for Al Al can

i proceed further, and in natare it can be shown to have gone farther, but it
%1 fairly uncommon for the hornblendes to contain more Al, and thercfore the

; formala may conveniently be set up as a standard formula.

! Accordmg to Mackatschki (Zeitschr. f. Krist., o, p. 214, 1029).
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6 N. SUNDIUS.

The application of these kinds of substitution to tremolite leads to the six
forinulas quoted in Table 1. They represent the standard types from which all
other hornblendes can be derived. As Mg and Fe” are unlimitedly exchange-
able, there is one Mg- and one Fe’-mcmber of each type, the namc of the latter
being quoted below that of the former. The table may conveniently be divided
into two parts, corresponding to the alkaline and the lime-alkali bornblendes,
which latter are also called lime-bearing hornblendes.

Table 1.
Tremaolite
Actinolite

Cay(MaFe’},51.0,, OH),

Richterite 7 ; Fcekermannitfe Glaucophane
Ferrorichterite 7 Arivedsonite Ricbeckite
Na,Ca(MgFe”);8i50,,(OH), Nag{Mglie”){AlFe”"1Si50,,(OTT), Nay(Mglie”)(AlPe""),

SigOp(OH),
Tremolite
Actinolite

Cay{MgFe);Si,04{CH),
LEdenite
Ferroedenite
NaCa, MgFe)Al51,0,,(0H),

Parzasite Tschermakiie
Hastingeits
NaCa, Mglie" (.

S50, OTT),

Ferrotsclhermakite
Cai MeFa ) AR,
ALSi0.,(OH,

As regards the table it is logical that those hornblendes in which Ca is ex-
changed for alkalies be termed alkali hornblendes. According to this principle,
edenite, pargasite and hastingsitc do not belong to this category, but are
lime-alkali hornblendes, whcreas richterite belongs to the alkaline group.

The species ferrorichterite and ferroedenite set up in the table lack analogies
in the analyses. The former name is proposed here by the writer.
tschermakite is used according to the proposal of Winchell (19453},

Tschermakite-ferrotschermakite «nd pargasite-hastingsitc arc not end-
members; all other standard types are. '

In the following some representative instances of the standard types of the
table arc quoted from the literature, and the relations within the scparate
series are discussed. A good many ol the analyses reproduced here are from the
valuable papers of S. Kreutz and \WW. Kunitz. As a summary of the numerous
analyses of lime-bearing hornblendes the lists of Hallimond and VWinchell
have been very helpful.

The name

The tremolite-actinolite series.

o)

Two analyscs with very different ratios e : 3MgO are shown in Table 2.

(8]

The optical relations in the series tremalite-actionolite will be discussed 1
connection with those of the lime-bearing hornblendes.

I. 2.g¢
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Table 2
S w | T s |
| | ! Numb. | i Numb. | toms
I £ g 2 N | in the
‘ ; of atoms | of atoms l formula ‘|
. \ | |
| , ‘ ‘ . |
| ! ]
e A 5838 7o\ . | 4gze | 782, 1 Boo |
i ! | - 797 [ISJ \
ALO; ool ]\ 44 | o7 f o 1.30 | o.zgl 6 | \
| TiO, . ' 0.c1 I oen : : |
| ) O 0.37 0.23 J 2,13 | 0.26 l | i
MgO oo 25.01 | 5.07 § s.tr 0.65 | o.1h Vo198 | 3 |
TeO.oovii s ) —- | ‘ 30.80 4.03
| MO o I.34 0.18 3.48 | 0.47 | i
I Na,O ... \ 0.756 |  ©.10 . I . ‘
(o710 IO 10.65 | T.59 p rg® | 1073 1.52 | 2
KO v ‘ o.c7 | 0.02 | | |
HLO 2.17 9z ., 213 | s ! 2
[ l 0.27 ] o.t1 2.03 } 225 I \
, \ " 100.01 | I 100.23 | | |
— O . 0.11 | il i | !
‘ - ' ' |
t9g.90 |
Y Plus ooz 9 CO,
Spee. gt o e R ooy 2V, Opt. orient.
1. 2.98 1.6cq4  1.629 0.023 157 797207 bh=23
z 1.668 1.685  o.ory  10—1270 ca 749

vee gy

1. Tremolite (»Hexagonitcs), Edwards,
1933.
2. Actinolite

N. Y., Anzl by A. Bygdén, T. M. P. M. 43, p. 437,

(»ferroanthophyilites), Tamarvack Mine, Idaho, Shannon, ref. in N. J. roz4: 2.

As regards the nomenclature in the tremolite-actinolite serics, the Fe-rich
members of the series have also been named ferretremolites.® As the name
tremolite of old designates members with a very high MgO-content this term is
inadequate. It scems appropriate to extend the term trcmolite to about 15
mol 9, FeO and to name the Fe-richer members actinolites. I desirable the
extremely I'e”-rich species can be separated as ferroactinolites. That the term

-actinolite has got so wide an extension is due to the fact that the Mg-rich

members are quantitatively predominant and the cider analyses only included
varieties with a low Fe”-content.

Richterite Na,CaMg,Si0,,(OH)..

The formula is derived from tremolite by exchange of one atom Ca against
two Na. This type has also been named scda tremolite (cf. above). Three

_analyses, from an ecarlier paper by the writer (I943), arc shown in Table 3.
+ From richterite with about 2 atoms of Na(K] there is known a series of members

§

St

B AR T 20

with decreasing amounts of alkalies to about 0.7 atoms of Na(K).

' According to mecasurements by V. E. Barnes, ci. A. N. Winchell, 1931,
* Winchell, A. N. LElements of Optiral Mineralogy, 1933.
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Table 3.
! Numb.\ ‘ \ \
) .Of Numb. \ . Numb. I . Numb. l
‘ , atoms T 1 ofatoms “ ' of atoms 2 of atoms’
I in tiac ) ‘
‘ form. \ l | l
[ l | / | | ' ‘
SiOp oo vv e 8 53.8c 7.75 _ I 36,21 7.89 B 57.74 7.89) '
AlLOg oo | 1.37{0.22 }/'9“l 0.14,0.02 }"91 0.37 o.o6f7'9c
TiOy oo oot o o0.10| 0.01 ‘ — | ir.
i Fegtz)n ........... ’ 1.839 0.21 | | 214l 0.22 I | 039! 0.94) \
[ MgO . ... ... 5 18.43] 3.98 [SO: 20.00 4.44 t5.000 23.67 4.643 4.96;
FeO......... ... — . . tr '
MnO ....... . ' &69% Ioj{Zf‘ { 5.31! 0,59{2 "‘f’ s wl o 2\’] .
| CaO { 1 \ 5.43 0.84 0}! cc 8.z9]1.23 ~}1,60 go:lI 32 1.3:}
NagO ool | 5.63) 1.57 V. i 3.f9 r.o1 3.14 0.82} |
[ I{Zg) e e f 2 | I_j;:l 0.31 ?‘ Q"i o.47i 0.08 }1'09 0.64, o.uf“ 94
BaO .... ‘ 0.30\1 0.02 ) i I ‘ i |
HEO<IO",..“K 0.14 |
] HSO:>IQ;) ..... l N 1.91, 1.83 12*1\ 1.94, 1.83 lx I! 2.1¢ 2.1812”\
[ T 0.36)0.16 £ 0.18] 0.08 jre 0.37 0,23 7
O | | _o.04{0.02 J o . i
o é 99.33 | 09.66 l100.02 '
} ~— O for F and ClL. : »0.16 \ _0.27, ( O,i(? |
| ' '99.67 ' 99.39 ‘ 99-85!

L Plus o.19 $0,. In a test for Li no greater amount of this metal was fourd than what was
contained in the reagents used for the analysiz.

Sp. er 72 5 7 y—t cy 2V, Opt. orient.
1. 3.28 1.622 1.633 1.641 0.019 16° 66°30° b — 73
2. 3.044 TL.61351 1.6294 TI1.6367 0.0216 1675 068%347 »
3. 2.99  I1.603% 1.627  0.022 177 medium »

]

. Richterite, Langhap, anal. R. Blix, opt. determ. by N. Sundius 1913.
and opt. b

A. Byvgdén, opt. determ, by N. Sundiug r9:

(8]
N

» 9 > determ. S. Kreutz.

3
3. » , » »

_‘A
(o1}

The high content of Mn is noteworthy in the analyses. This is due to the fact
that the occurrences of richterites known arc Fe-Mn-deposits. To judge {rom
the atomic ratios Mn may partly enter in group X. It is possible that part of
the amount in group Y may be present in the form of Mn'”’, but the relations
in the modern analyses make it appear imaprobable that the whole content of
Mn should be threevalent, as supposed by J. Jakob.

The substitution of Na, for Ca in tremolite has had but little influence on
the optical properties, except that the axial angle has diminished from about
82° in tremolite to 66—68°. This mav be due partly to the presence of Mu, but
it is not likely that this should be the only cause, among other things becaus®
the difference in Mn between analyses r and 2 is considerable, whereas the
variation in 2V is smalil.

Below are shown the calculated figures of another five richterites repr eqentlnc
the more recently published analyses. The numbers refer to the list in the author s
earlier paper. Ru refers to an analysis by Kreutz of hornblende from Russcl
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imb. - Numb,
\toms l > of atomys
| !
! ‘ |
5%. 2.89 i
}7.91 0'/! 0‘36}7.95;
tr.
] .29 0.24)
$3.90] 23.67 4.64%4.95
tr .
‘:5:] 2. 40! o.zsj ‘
l"":} 1.60 .
| 9.0T| I.32 1,32
L 3-141 0.83)
{ 1.09v 0.64 0.11[0'9+
|
\ 2.39:2.18] !
| 1-91! 0.37 0_03} -AZ[1
IIOO.CJZ
‘ 0.16
99.86| ‘
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NX. Y. {p. 930}, a tremolitc with admixturc of richterite molecules and a slight
substitution of edenitic type (Na Al for Si).

l Fc"”‘ Fe” | Mg | Mo K ‘ 1
| ' \ | B ‘
‘ | . | ’ ‘ ' | ! [ | r |
| B e ]7.97. Q ‘0.on 4,63 0.§8 —o0.20 0.33 I.69 028l1.46!o,-:-6l
L 7.84 0.c2{3.83] 1.15+0.39 0.89|1.11]0.30"'2.64 0.24!
o i7.87;o.:4. 0.5 432 0.82 lL()Slo_oS 0.62 1.28 '
TO i ;7.72€o.06J0.05| 5.11‘ 0.69 + 0.4 |1.46 ' 0.83 0,16/ 1,22 |
| II.o.ooo, \7.40‘.3.4“0.46! l4.02] o0.19 ~o0.1% 1.02 136}0 251 1.36 |
| Ro...ooooooon | 7.6c 0.36 0.09 0.17  4.61 o.c2 11.72\0“68‘0.:3‘1,9:-“0_37

Where double figures arc quoted for Mn the second one shows the amounts
that are to be united in the formula with Ca. The principle for the division is
that 2 Na should substitute Ca. The amount of Mn
to be included with Ca is therefore 2.5—a, a being
equal to the sum of Ca and half of Na |- K. But in
no case is more Mn transported to group X than
what corresponds to the sum of at least 5.c0 in
the atom group Y. .

As the substitution occurring in the richterites is
restricted to the exchange of Ca for alkalies the ana- 2
lyses can be reproduced in a diagram with the two «—— |
kinds of atoms as coordinates as shown in fig. 1. The I
positions of the formulas of richterite and tremolite =)
arc marked with the letters R and Tr. The richterites

20

—— T ——

x €

. « Ru
form a series extending from R to somewhat more c' T |
than half of the distance to Tr. The diagram also l
shows the position of the Russel tremolite (Ru), I {
plotted according to its content of Ca and the amount - : Tr};ﬁ

of NaK that can be caiculated to substitute Ca (the — co——
small amount of Na corresponding to edenite mole-
cules being neglected). The nature of this horn-
blende is clearly tremolitic (2V = 86°14'). As the axial angle of the richterites
remains similar at least from point 1 to 2 (for 9 no optical determinations are
available) the change to the angle of tremolite may be rather sudden.

g.

Eckermannite, Na,Mg,A18i,0,,(0H)..

The formula assumes a further replacement in richterite of Ca by Na and
at the same time the introduction of a threevalent atom in the Y-group in
exchange for a divalent. When the index of Na has arrived at 3, it has attained
its theoretically highest possible valuc in an amphibole, and in reality it only
seldom surpasses this figure and then by inconsidcrable amounts in the modern
analyses.
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Only two representatives of this specics seem to be known, namely the
imerinitec described by Lacroix {rom contact-metamerphosed limestone in
Madagascar and the Li-bearing eckermannite from the nepheline syenite at
Norra Kidrr in southern Sweden. Both the analyses are quoted in Table a.

Table 4.
! o |
X | Numb. i i
[ lo:F atoms . ! Numb. . ; \ Numb. {
in the of atoms l - | of atoms
| | formula ! ! | l
{ : |
| i ‘ \
’ SiO4 . v i | 8 i 57.to | 8.c2 } 53.73 1 7.38 o 7} S oo %
PALOg oo | I 6.1 | Loz ‘ 2.72 0.46{ O‘:‘
TiOge oo iii 0.3% 0.54 | 0.41 ; 0.c1 4 ’
k Fe,Op oovviivie ont | | 8.cr | 0.%1 i 4.72 0.51
T MgO | 4 | g.12 ] T1.92% 3.85 20.50 4.36)  4.91 '
Li,O ool , I.t3 0,63 i ‘ \
TeO oo .. | e 2.69 } 0.11 \ 4.70 0.53 |
ZrO (oo o | 0.39 0.26 | { \
} MnO ... oL 034 0.04 i
| CaO ..ot } } 0.31 o.osl ‘ 2.73 0.4 1 #
Na,O oo . .77 2,66 3.14 | 742 ‘ 2.03 2.76 '
’ 1 O P | 2 ‘ 2.38 | 0.41[ i .82 ° 0.32 ;
| H,0 < 105° \ I 0.08 | : | ‘
H,O0 > 105°....... ‘L . 0.50 0470 L 4q 0.85 | 0.8 162
’ F oo 1J - ! 2.6y l I.16 ) | 0.92 0.82 e "
| | IoI.2d | I 1oc.62 l
! — O for oo ... ! | r.ry | \ ‘
[ - .
\ | roo.13 ! 1co.6z '
Sp. gr. o« I W S cl 2V, Opt. orient.
1. 3.16 1.636  I.644 1.64g  0.013 z25—33° 237 L= 2
2. 3.c2  1.638 .635c 1.653 0.0T% 43° 253¢ 3

! of which o.c2 in H,;S0,-exsiccator
2 Calec, by the author rrom 2 I about xno”

Pleochroism: « bluish green, £ light bluish green or blue-violet, 7 pale
yvellowish green.

1. Kckermannite, Norra Kirr, Sweden.
2. Imerinite, Ambatoharina, Madagascar.

Of the two amphiboles the eckermannite accords well with the formula. The
high Fe”’ content in the Y-group is caused by the presence of 1i,0) and partly
also by the presence of O instcad of OH {oxidation of Fe’"). The imcrinite shows
some departures from the theoretical ratios of the metal groups but evidently
belongs to the same substitution type. In tlie choice of the type name pre-
ference may bhe given to the former.

Optically the eckermannites are most closely allied with the arfvedsonites,
their iron analogics, though the colour is more similar to that found in
glaucophane.

11
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(
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THE CLASSIVICATION QF THE HORNBLENDES I

Glaucophane, Na,Mg,A1,S8i.0,.(0H),.

Table 5
f No. of 'l ' j
atoms - . I - . i
! ‘N ‘:rlll\ ’ I \ Numb, of atoms | 2 | Numb. of atoms |
L - i
formula [ [ : l
| s
, | ‘ !
Q105 e ie e ‘7.7"' 7,709 . . 30, A .86 1 e
R |8 sal g ) e | 00T 286 ) B
ALO; oo ool 2 | 12,24 I,JT) 1 10.83 Lx,l 161
FeyOa oo e 116 oorrt BT p LT8R 2.2 0.10 ’ } I.91
i MgO L 30 13.02 2.64 \ <2 | 10,43, 2.16 | i
FeO............ ‘ | 5.0t o.61 [ | 8.27  0.43 j 3 )
CaO ... ... ... ' 1ol oo 1 0.68 o010 l |
Na,O .. ........ L 6.98  1.83 L o209 | 6.7 1.82 2.0 |
KO oot E| - €8 o.r1 [ oo 651 o.rr l
‘H:O ............ ' 2 2.0 2.23 2.3 l
! - |
| . | |
l | | 09.77
Sp. gr. 7 W —a Coy 2V, Opt. crient.
1. 3.2853 I.656 1.627 0.0z §? b= 3
2. 3.126 1.61I5 I.63+ 0.019 6—8° 417 >

1. Glawcophane, Zermatt (Matterhomn), Kunitz.
2. 5 , Chamy de Praz, ibidem

Pleochroism + blue, f violet blue, a colourless or vellowish green.

Besides by their characteristic colour the glaucophanes are optically charac-
terized also by the small extinction angle ¢:9 (0—87) and a relatively small
negative axial anglc.

Kunitz succeeded in dedacing from the analyses the right formnlas for
tremolite-actinolite, glaucophane aund riebeckite. From the ratios of the for-
mulas he concluded that therc must exist isomorphic series between thesc three
compounds. On the other hand, a calculation of the different molecules con-
tained in the intermediate members of the series glaucophane-actinolite

. cornpiled by Kuuit7 (Tab IVj, discloses them to be quite impure. Only No. 2

{glaucophane Mt. Saléve) and No. 7 {Winchite, Piz Valesa), lying fairly near
to glaucophanc resp. tremolite, can strictly speaking be referred to this
series. Of the others, the analyses show No. 3 (glaucophane, Berkeley) te be an
mtermediate member betwcen eckermannite and tremolite, and 6 {(Winchite,
Lanjaron) a pargasite with some admixture chiefly of richterite. Also the other
amphiboles quoted are more or less admixed with foreign compounds. Further-
more, the sparse optical determinatious (essenfially c:y) do not indicate a
continual transition.

To the glaucophane group belong also the Li-bearing holmquistite from Uts,
Sweden, and the gastaldite from St. Marcel, whose calculated atom numbers

_are quoted below.

"

TIPS L

i | Si \ ”n Mz re"] Ca|Li|Na K |H ‘ F
: ‘ i .
f—
{ T ] — |
Holmquistite ... ... o ... S.cc I.21 '0.97 2. 41 0.48, —|1I. 12‘0 29' 0.1¢! 2.¢2 0.18
L Gastaldite . oo Seslses o z.eslos lf2s | !

T2—462066. S.G. 7., Ser. C, N0 4%0. 5%/‘2(112[.}.




12 XNX. SUNDIUS.

Osann gives the following data for holmquistite: C : v == 2—3°, 2E,, = 68°58/,
y == skyblue, j violet, a light greenish yellow. The properties of gastaldite have
been studied by Rosenbusch! and Kreutz: ¢ 1y =67 and 4—8°, ZVM (Na) =
= 43°58" and (gr) 42°02', y—a = 0.018, though the determinations were
not made on the material analysed.

Unfortunately the analysis of gastaldite is rather old (1875) and incomplete.
However, both minerals have in common the optical properties of glaucophane
but a fairly low content of atoms in group X, amounting in holmquistite to
1,51, if Liis included, in gastaldite to 1.57. The two amphiboles are accordingly
exceptions from the rule that the sum of the X-atoms in a hornblende must
not be less than 2, and they seem {o be unique in this respect. It should further
be noted that the place of Na and K in holmquistite is largely taken by atoms
of Li, which has a small radius siinilar to that of Mg. If the two hornb’endes
should be interprcted as transitional membetrs they would chemically most
likely belong to a scries glaucophane-cummingtonite or -gedrite, but with close
connection to glaucophane.

Arivedsonite, Na ,Fe",Fe'’Si,0,,(0H)..

In the iron-rich amphiboles we meet the complications occasioned by the
introduction of large amounts of Fe,O;. This oxide is generally present in excess
over the ratio required by the formula and by the quantity of alkalies. Further-
more the iron-rich alkali hornblendes often contain essential amounts of T10,.
The agreement with the theoretical formula is often therefore poorer for these
members than for the Mg-rich ones. A contributing factor is also a certain
replaccment of Si by Al (admixture of hastingsite), which is rather common.

Two analyses which are fairly consistent with the thcoretical formula are
quoted in Table 6.

Table 6.

|  Nuwnb. ! ‘

| o atoms | I . Numb. . Nu-nb.

| in the | of atoms = f of atoms

formula | '
| i
i

Si0, oo ‘\ 8 48.76 1 g’ | 19.36 746\ . ..
ALO, ..o i Iz 0.26} 7:95 i 2.78 0-5:} o
FeOp oo i 1 i 10,72 1.32 8.24 0.9%
TiOg oo : 1.03 0.12 2.12 0.24)
MeO oo n.30 0.c8 5.02 1.34
FeO ..o oo o .. } 4 25.52 3.35% 3.51 18.23 2.32} 4.01
MnO 3 c6 803
MnO ... . .. .. 0.43 0.c6) 0.%4 0.11]
CaO o, | 1.G62 0.17l 1.33 o.gcl
NIQO\ 3 712 2.18% 2,63 .68 232y 2.79
KO . oo o f 1.53 o.gc‘ 0.89 0.1’,7[
HO . ..o . 2 2.27 2.18 2.23 2.29

| ——— R |

| \ 09.89 | 100,16
' Mikr. Physiogr. d. Mineralicn und Gesteine, 4th ed. p. 240, 1905
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2{NaK) < - Si
Fig. 2. E = eckermannite, Gl. = glaucophane, R == ricrierite, Tr — tremolite,

P = pargasite, Ed = edenite,

Sp. gr o 3 d—a Opt. ch, c:y Opt orient,
I. 3.421 Y.6g3 1.668 0.023 — x° b=y
2. 3.332 1.6832 1.6€7 0.004 — 15°

L. Arfvedsonite, XKangerdluarsuk, Kunitz, po. 219 and 243
L2, » » >

, L.os Archipel, ) 5
Between arfvedsonite and eckermannite there arc a number of hornblendes,
styled by the respective authors by different names, such as arfvedsonite,
* katophorite, anophorite, riebeckite, taramite. Chemically they are all distin-
. guished by high contents of alkalies (indcx of X = 2.6—2.9), moderate amounts
~of Fe,O; and low Al,O, contents, thus the same characteristics as of arfved-

i sonite. As in the latter some Al enters in the Si group and causes a restricted
“ admixture of hastingsite. A collection of such species, arfvedsonites and ecker-
imannites, is shown in fig. 2, where they have been plotted according to the
" coordinates Si, AlFe’”’, NaK, the twc latter being multiplied by 2 to give a

.

a1
4

PRI R b
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clearer picture. The localities corresponding to the points in the diagram are
shown in the following list where also the atomic ratios of Fe''Mn : Mg (calcul.
on 100), the extinction angle and the optical orientation have becn included.

B | opt,
Mg |Fe” : Mn| ci:a | Dt ‘
i } orient. !
1) Arfvedsonite, Kangardiuvarsuk, Kunitz ..... 2 | 58 8° \ b=y
2) »Ricbeckites, Pikes Peak, Kunitz ......... ' 5 ; 93 197 y |
3) Arivedsonite, Sinai, Kunitz ............... i e ; a3 val » !
4) » , Loparsky pass, Kuniiz ...... .| 28 72 28° 5
) » ., Kakasnjujakok, Yo l 23 | 72 30° » ‘
0) » , Hackmanschlucht, » ....... : 33 6% 27° »
73 » , Los Avchipel, S \ 36 64 15°
I 8) Katophorite, Fuente Vaca, » 39 61 i 36° ! 5 |
.i 9) Taramite, Mariupol, Morozewicz ........... 57 ; 43 212—15° ‘ ) |
' 10) Anophorite, Katzenbucke!, Ireudenbers . ... 60 \ 31 20—27" | !
’ 11) Katophorite, Chibinpaehk, Kunitz ......... Fas \ 2 56° b= 3
12) Eckeriannite, Norra Kdrr, Bygdén...... .. &6 Y4 1 25—55°
) 13) Imeriniic, Ambatoharina, Lacroix ......... | 89 | 11 | 15° ) '

= and AE _ {oro) (Kunitz, Table IIT, p. 19S).

It scems appropriate to place the intermediate members from about 70 per
cent Fe”” 4+ Mn to about 70 per cent Mg in one group and to use the name kato-
phorite for these members. The name ativedsonite should accordingly be re-
stricted to iron-rich members, optically distinguished by a small extinction
angle c:«. The name katophorite was originally proposed by Brogger for
amphiboles in tinguaite dykes in the Oslo region, which were considercd by
him to be intermediate members between arfvedsonite and barkevikite. Un-
fortunately no analysis was given in the original paper but the optical prop-
erties stressed by Brégger arc found in the amphiboles belonging to the transi-
tion serics of the table above.

The diagram in fig. 2 discloses that the points of the whole series are rather
scattered and spread out in the direction of and bevond the position of glau-
cophane. However, this is not merely the consequence of admixtures of glauco-
phane-riebeckite molecules but is chicfly due to the presence of hastingsite
molecules and to the excess of 1'e,0),.

The chemical composition of the katophorites is somewhat complicated,
for instance TiO, is present in an amount of 0.6—2 per cent (in anophorite
5.37). This makes the optical relations somwehat variable, but a characteristic
feature, besides the strong absorption colours and the low double refraction,
properties, which they have in common with arfvedsonite, is a relatively large
extinction angle c¢: . A normal symmetrical position of the axial plane
with b =y is a common feature, though not always present. The variation
of the position of the axial plane is reasonable when considering the 10W
double refraction, on account of which only small differences in the chemical
composition may be neccessary to bring about a change in the mutual size of
the chief indices.

THE

Transition membe:
molecules seem to b
amphibole from Be
Table IV, No 3). The
marked b.

In comparison wit
allied members, the
examples of riebeck

o
T —
)

<
o

=
=
=t

o

o
N
[®)

Optically the rieb
extinction angle of
difference 1s only ¢

The crossites m
glaucophane and 11
an intcrmediate rat:
the series glaucoph
in Table 11T p. 108
3), and the ratios F
Al I is the quantit

1 with the cxeeption




y the diagram are
"'Mn : Mg (calen]
ve been included

—— e e m—
o
cla pt.
orient,
_—
8° b = -
13C »
7' )
287 )
bl
30 »
27° )
1}
157
36° »
212-—15° »
20—27° 5
567 b-=3
25—33°
45° »

rom about 70 per
1se the name kato-
wcordingly be re-
1 small cxtinction
1 by Brogger for
ere considered by

barkevikite. Un-
: the optical prop-
ging to the transi-

e series are rather
> position of glau-
nixtures of glauco-
nce of hastingsite

vhat complicated,
mt (in anophorite
1t a characteristic
double refraction,
a rclatively large
f the axial plane
ant. The variation
msidering the low
:3 in the chemical
he mutual size of

—y «‘M

THE CLASSIFICATION CF THE IIORNBLEXNDES. I

S

Transition members with a considerable content of tremolite and actinolite
molecules seem to be nncommon. One instance of this kind is probably the
amphibole from Berkeley, analysed by Blasdale (quoted by Kunitz p. 202,
Table IV, No 3). The position of it is shown in the diagram in fig. 2 by the point
marked b.

Riebeckite, Na,Fe",Fe”,8i,0..(0OH),.

In comparison with arfvedsonites and katophorites the riebeckites and their
allicd members, the crossites, form a chemically more distinct series. Two
examples of riebeckite are quoted mn Table 7.

Table 7.
' l |
Numb.
| | of atoms , Numb. ; , | Numb.
i P A
in the ’ oi atoms of atoms
formula
;
SiQ oo 3 49.55 7515 8 o 51.79 1 8.25
ALOg . o .97 o.tgf °7 0.6% 0,13{: 82
FeoOy oo 2 16.52 - T1.93 I4.51 .oof 77
TiO, . 0.3, 0.c4 1.28 0.13
MgO oo 0.16 1 0.0% 0.12 o.:gl
: FeOQ oo 3 ‘ 20.38 2.68% 2.93 2Y.43 2.70% 3.3
| MO L 1.35 0.17) 1.15 0.15]
i CaO ... o ‘ 0.g2 O.Isl 1.28 o.1[l
| Na.O oo | , ‘ 6.33 1.9g, 2.3! 6.16 I1.84, 2.27
| KO oo | - i 0.85 " oAl7l 1.1z 0.12[
1}\13() .................... 5 1.83 1.93 ‘ 135 | .32y -
I 0.20 | 0.12f '
| . .
| G9.33 100.98
=0 | 0.c9
i i ID0.%g
So. gr I 3 A=t 2V clu opt. orient.
I. 3.352 r.693 0.c93 areat 0—53° b=
2. 3.391 » 4—3°

1. Riebeckite /30sanritey), Cevacdaes, Portugal, Hlavatsch.
2, » . Quincy, Ch. Palache and Ch. H. Warren.

Optically the ricbeckites arc difficult to distinguish from arfvedsonites. The
extinction angle of the former is somewhat smaller than of the latter but the
difference is only some few degrees.

The crossites be characterized as intermediate members between
glaucophane and riebeckite with an intermediate to high ratio I'c”’: Al and
an intermediate ratio e’ : Mg. In order to give a suminary of the rclations in
the series glaucophanc-crossite-richeckite all the analyses compiled by Kunitz
in Table 111 p. 168t have been reproduced iu the NaI-Allve""-Si-diagram (fig.

may

3}, and the ratios Fe'' : Mg and Fe'””: Al (cale. on 100) are quoted in Table 8.

Al I is the quantity of Al entering in the atom-group Y. The tablc has been

1 with the excepilion of 13, Pikes Peak, which may be referred t» the arfvedsonitic series.
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Table 8. made to include tl
Glaucophane—Crossite—Ricbeckite. orientation. .
| ‘ ‘ i | ﬁ In the triangle i1
/ s 7 M ee | SRR TIY o Opt. | |
% Fe % Mg | % A1l 9% Fe coy i ori‘_r:nt. “ of the standard fc
i | P 177
: i corner of AlFe,:
1) Gl Matterhorn .......... 18.13 81.5 93.9, 6.1 8° b= 3 occurs in the series
z) » L":‘yklades e 3T Dl 4g.c QL. 4 8.6 5—67 » richer in AlL have
3} » Swyrona ...l 40.7 39.% 89.4| 10.6 1% 5 C.
4) v Rocca Biarca.... 32.1! 67.6 7.9 I2.1 i y ’ ' relations as rega.rds
5) » Chawp de Praz ...... 30.3 69.3 84.3 15,77 6-—R8° 5 ; . <Stion is Dr
P N i ~ N J ’ : a S 1N 1S Pre
6) » Isle Groix ........... ‘ 17.2 82.3 65.¢ 3;,0’ 5e 1 N } rical Po 110 i p
7y Cr. Berkeley ... . 0] 4.8.:‘ 5-2‘:-‘ 61.2 38.8 3% b ! 0.018—0.c2( 1IN glz
’ ‘ c: axial angle is
8) » » e 30 O; 64. 40.4 59.1 ab. Isq\ b = y The axial g '
9) » Ternowsky mirce ..... 33.3] 66.7 15.8 §4.2 b=23 | stated to be falrly
|
; oo P - d, there ¢
o) » Askvss river ......... : 34.7 (5.3& I.1 98.9! =37 b=y other han L ¢
11) R. Krokydolith .......... J 84.3 IS.7 7.6 {;:.4! I | of the series plOtt'
| ; | :
12) R. Quiney .............. ! 9g.o h¢ V‘| 7.1 93‘9‘< =—3° b = Fand ;.4' /50;
13) Cr. Payerb. Graben ...... 04.2 5.8 ) 100 | o° <
9
i Xx
14) R. Cevadaes . ........... 98.5] T.4, 0 100 0o—3’ b=y |
1 According to E. S. f.arsen ¢: 3 = 7° 2o |
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made to include the determinations of the extinction angle and of the optical
orientation.

In the triangle in fig. 3 all the analyses are concentrated arcund the point
of the standard formula, though they are somewhat displaced towards the
corner of Al Fe'”’, a rcsult of the surplus of Fe””’. Table 8 shows that a difference
occurs in the series at about 40—-60 per cent Al T (between 7 and 8). All members
richer in AlL have b = f3, whereas the members richer in Fe'”’ show varying
rclations as regards the oricutation ot the axial plane, though a normal symmet-
rical position is predominant. At the same time the birefraction changes from
0.c18—o0.c21 in glaucophane to lower values in the crossites and riebeckites.
The axial angle is comparatively small in the glaucophanes (42—435%) but is
stated to be fairly great to verv great in the crossites and riebeckites, On the
other hand, there are no signs of a break in the serics. I'ig. 4 shows the points

117

of the series plotted according to the ratio All: Fe'”.

11
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Fig. 4.

Judging from these relations it would seem convenicnt to distinguish as
glaucophanes the members with an Al I: e’ ratio greater than 1:1. The
relations between crossites and riebeckites are more diffuse. The latter may
be designated as the most iron-rich members of the series in which the ratio
e’ 4 Mn: Mg exceeds So: 20. At the same time the ratio ALL: Fe'”’ is low,

"but it can reach similar values in both riebeckites and crossites.
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The lime-bearing hornblendes.

The lime-bearing hornblendes represent the bulk of the amphiboles. It {3
therefore reasonable that most of the analyses published should belong here
and that several surveys of the relations within the series have becn made.
Of the works published during theé last few years that of Hallimond has especially

contributed to giving a survey of the chemical relations.

The substitutions characteristic of the the serics are: NaAl for 51 and AlAl
for MgSi. In the lime-bearing series, therefore, the silica content is always less
than 8. The type {formulas arising from the two kinds of substitution are NaCa,
edenite. NaCa,Mg,Al;S1,0,,(0H), = pargasite, and Ca,

Mg AlSH; 0 (OH), =
Mg AlSi0,,(OH), = tschermakite, and their iron analogies.

In order to give a survev of the chemical relations in the series Hallimond
used a graphical method of reproduction of the calculated analyses, based
upon the two chicl quantities intreduced by the substitutions, namely the
amount of Al in the silica tetrahedrons (8.oc less the calculated number of Si)
and the quantity of alkali atoms in the vacant spaces (Ca + Na — Kless
2.00). In a triangular diagram this leads te a third component with the formula
Na,Ca,MgALSi,0,,(OH), (cf. fig. 5), in which should occur the double substitu-
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7

/
// =
N
a
VAN

7
/

S NN

s y
Vg9 (\b s

!

— NaGc, Mg, Al S

/ al

tion of the kind occurring in edenite. This component is not consistent with
the amphibole formula and the possible hornblende mixtures are therefore
restricted to the area between the four upper points of the triangle and to its
vicinity.

As the characteristic substitutions occurring in the serics are NaAl for St

and AlAl for Mg&i, a graphical reproduction can also he achieved by using as
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Iig. 6.

coordinates the amount of Al that replaces Si (the same as the one coordinate
of Hallimond) and the amount of Al |- Fe' that enters in the atom-group Y.
Fe'”” should also be included in the latter figure, because it compensates Al

. A diagram of this kind was recently employed bv St. Foslic in his interesting
* paper on common hornblendes and hastingsites, although he did not include
* Fe””’. In the present paper the amount of Al that replaces Siis designated as
CALTT (8,00 less the calculated number of Si-atoms) and the amount of Al

N A e

present in the atom-group Y as Al L. A number of calculated analyses have
been plotted according to these principles in the two-axial diagram in fig. 6. The
loc. of the standard types have been indicated in the usnal way by open circles
and by the initial letters of their Mg-representatives. As the alkaline hornblendes
all have a full Si-content (Al 1l = o), they are all situated on the bottom line

. of the diagram. Richterite has the same position as trernolite. For the diagram
- all the analyses in Hallimond's list have been used, 188 in number (hydrous
;', amphiboles not included), 22 analyses from the hist of optically determined

MEIRRE, B A T

hornblendm by Winchell (r945), 1o analyses from Foslie's paper,! and 4 ana-
¢ lyseg, not included in these works, quoted below.

! Nine of these analyses are calenlated from -ock analyses.




20 N. SUNDIUS.
’ i Al Ti | Fe” ¥e” | Ma | Mg ‘ Ca | Na } K | Hu F
| ! |
i ‘ 1 | | | —
l1...] 6.04 =214 o002 0.880 o.12| o0.27] 3.31] 1.7¢ 1.14  0.03  2.32 !
2. ‘ 6.51 1.611  0.13 0.6¢ 2.77 0.c7 I.30  T.91 0.62. 0.26 .47  o.I1.
3. .- 7.9% 0.07  0.%1 0.03 | 0.18 .07 I.5¢ 0.7, O0.c2 I.97  O.r1
‘4. . ‘ 7.87 0. 0.c7 0.67; 9.07 4.42  I1.72 2.3°
1. Tibergite, Langban, N. H. Magnusson. The following determinations were

made by the present writer on the material used for the analysis: o = 1.662,
y = L.674, c:y = 30°, 2V, = 78

2. Isol. fr. granite, Ronne, Bornholm, K. Callisen. Sp. v. == 3.338, ¢ = I.673,
y == I.702, 2V, =ca 42°, c:y = 15"

3) »Hexagonites, Jidwards, N. Y. Cf. p. 7 in this paper.
4. Actinolite, O. Silvergruvan, Sweden. G.F.I., 46: 157, 1024.

It should be observed that all the analyses collected have in common a cal-
culated Ca-quantity > 1.5 and small to moderatc amounts of alkalies, seldom
exceeding NaK = 1.

An inconvenience in the reproduction is caused by the contents of Fe,0,
in the analyses. A study of the tigures calculated discloses that also here the
amounts of Fe'’” arc often greater than what is demanded by the balance of the
valences. This lack of agreement may be due partly to analytical errors, in
that the chance of getting too much Fe,O; in the analytical work is greater than
that of getting too little, Another source of trivalent iron may be the reduction
of OH by I%¢”, occurring at or after the formation of the minerals. A fair calcula-
tion of the extent to which the latter reaction may have advanced in the in-
dividual specimens would be possible if reliable determinations of H,0 and
F were available, but in most cases this is not the case. On the other hand the
two possible sources of the excess of Ie,0, do not fully explain the surplus
found in somie cases, and in reality an exact balance of the O-valences does not
scem to be quite neccssary. The surplus of I'¢””” may be of some importance
in the iron-rich mixtures and cause some displacement of the points towards
the right, but this will not disturb the gencral aspect of the diagramn.

As shown in fig. 6 the majority of the hornblendes fall in a zone betweel
tremolite and pargasite-tschermakite. Above the line pargasite-tschermakite
there arc scattered points up to Al IT = 2,27, showing that substitution of Si
above the adopted boundary value Si = 6.0 is possible though uncommon.
In the diagram there are points situated in the immediate vicinity of pargasitc
and also in the neighbourhood of tschermakite. On the other hand, no points
are found along the line tremolite-edenite above Al LI = 0.6 and none in the
vicinity of edenite. Hornblendes of purer edenitic composition may thus be
rare in nature. The distribution of the points shows no gap, though an evident
concentration of the points is displayed in the neighbourhood of tremolite and
in the upper part ol the diagram around and beneath pargasite. It should also
be observed that there is no special aggregation of the analyses around the
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points of the standard types. This is duc to the fact that the members selected
as standard types arc not true end-members but only represent a fair upper
boundary for the sabstitution of Si by Al and of MgFe” by Al and Fe”’ occur-
ring in nature. Hence all hornblendes shown in the diagram of the fig. 6 may
be regarded as mixed compounds with the exception of the purer tremolites
and actinolites.

The distribution of the points is similar to that shown in the earlicr diagrams
of Foslie and Hallimond. The separation of the analyses into two groups, onc
in the neighbourhood of trenolite, the other comprising the sesquioxide-richet
mixtures, is cvident in both and is also more pronounced in Hallimond’s triangle.

Below are quoted some examples of species that show a fair agrecment with
the type formulas.

Table 9.-8
Fdenite ’ Pargasite
I Formula 2 " Formaula
|
I
Sl .01 R | 7 5.0% . 6
Al 1‘.[5{ é;‘ \ ‘- 1 2.51{ Z"; \
Ye' L. 0.16 > [ 031 ‘I 0.53 A 1 X
Tiooooooo.. o 0.20 |
Fe” oo 1.32 )k . | 0.72 l i
‘ Mg......... 2.89 j 451 > i 3.30 425 4
Mnoo.ooooL | 0.03 [
Ca . | 1.99 ‘ 2 2.23 i 2
Na " 0.82 { ' 0.64 l
b ’ 0.99 | I
} K.......... | f 0.353 J 9 ’
i OH . ..., I.983 \ 0.60 ‘
Fo .. joe | 0.33 } 0-95 2
Hastingsite ‘ Tschermakite ‘
3 ‘ Formula ‘ 4 Formula
! | ‘
S "6 ‘ ’ .03
o S e I TR s |
Sl ="\ o.rs ) . 3250 128 =
Fe”” L. 0.92 Jj 107 I 0.8c j 2.08 2
Tioooooo oL 0.10 i 0.12
Fe/ ... ... I3z I ‘ 1.30 2
Mg ..o ... | 0.33 ¢ 3.95 I + 1.83 329 > |
Mn ...l ‘ 0.13 [ ‘ 0.04 } \
Cfl, 1.69 2 r.0r 2
Na......... b o6 i c.32
K. ... ... ‘ 0,4; } T.05 I ‘ o,;g } 0.71 !
i OH 2.17 ‘ o.
T | = | } 2 77 } 2

. Brown hornblende from Usumbura, Urundi, R. Van de Putte,
. Iron Hill, E, S. Larscn

. Aliunge, P. Quensel

. Hornblende, isol. from amphibolite, Titianul, Hungary, Vendl.
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The nomenclaturce of the lime-bearing hernblendes 1s at present somewhat
confused. Of the many special and local names given to different and in some
cases similar species, the following have acquired a broader meaning: Common
hornblende, hastingsite, pargasite, edenite, barkevikite and basaltic (or oxy-)
hornblendes. Of these the two last-mentioned are generally distinguished by
similar optical and chemical properties and may be inciuded in one and the same
sub-group, which may be called basaltic or oxy-hornblendes. The definition of
the term edenite was given above. In its present meaning it was first used by
Berman {1937). Because of its frequent content of AlFe”’ substituting MgFe”,
edenite may practically be included in the sub-group of the commmon hornblendes.
Of the other names, hastingsite originally had a distinct meaning, namely
that of a hornblende rich in iron and aluminium with moderate amounts of
alkalies, and it was optically distinguishable by infer alia a very small axial
angle. Later experience has proved that properties of this very kind are charac-
teristic of hornblendes of the chemical composition corresponding to the hastings-
itc formula. Billings later proposed the use of the name also for Mg-rich mem-
bers and divided the relevant series into subgroups named magnesio-hastings-
ites, femag-hastingsites and ferro-hastingsites, though he does not seem to
have realized the similarity of the Mg-rich members to pargasite. Berman, on
the other hand, extended the term hastingsite to comprise all members with
Si: Al=6: 2, indcpendent of their ratic of Mg and IFe”. Foslie recently accepted
Billings’s nomenclature.

The term pargasite, dating from 1815 (Steinheil}, was at first rather diffuse
but through the works of lLaitakari and von Eckermann it gained a morc
distinct meaning, an Al,O4-rich hornblende with a high Mg-content, the quan-
tity of alkalies at the same timec being moderate. A considerable content of
I¥ seems to be common but 1s by no means constitutional. The formulas of the
analyses published from Pargas and Mansjon correspond fairly well to NaCa,
Mg, sALLSIg;0,,(0OH, F),, but in analyses published from other localities there
arc instances of sesquioxide-richer mixtures with an Mg-content corresponding
to the atom number of Fe’” in hastingsite. For this reason it secms appropriate
to retain both the names pargasite and hastingsite as expressions for the Mg-
and Fe’-extreme members of the hornblende series with a content of Al 1l
approaching 2. The numecrous members with intermediate ratios Mg: Fe"”
may according to Billings’s propesal be named femag-hastingsites., The lower
boundary of the AlII content against the common hornblendes nay be placed
at about Al Il ==71.4—1.5. The boundarv against the tschermakites is guite
diffuse. It would seem convenient to restrict the term tschermalkite to comprise
members in the neighbourhood of the formula proper and outside and on the
conjuntion line tschermakite-tremolite.

The optical relations in the lime-bearing hornblendes.

Rather much has been written on this subject. W, 7. Ford (1gr4) was the

first to show that & connection existed between the refraction power and the
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ratio of Mg and total iron. Other properties were found to be of less diagnostic
value. The latter was verified also by N. . Kolderup and R. Van de Putte.
Billings could
refraction,
by him ferro-hastingsite, femag-hastingsite and magnesio-hastingsite. Kunitz
was the first to realize that the refraction is not due entirely to the ratio of
ron and magnesia but is influenced by the amount of ALO; replacing SiO..
In consequence of this he distinguished two scries of hornblendes, the green
ones and the basaltic hornblendes. In the latter the molecule H,yCa,(MgFe'),
ALSigOy,, named by him syntagmatite, was predominant. Both series were
found to lic above that of tremolite-actinolite with respect of the refraction.
Similar results were gained by Van de Putte, and recently Foslie has shown
that amphiboles with a lower quantity of Al Il have
than those with hastingsitic ratio.

A. N. Winchell has tried in several works to establish the components in the

" amphibole group and to determine the optical relations of them. In his latest
paper (1945) he has a very useful list of no less than 104 calculated analyses of
optically dctermined hornblendes, containing most of the chemically aud
optically studied members belonging to the series, with the exception of ba-
saltic hornblendes. On the basis of Hallimond’s

;axis — the relation Mg + Al L : Fe” — I'e’” — Mn -} 11 — a graphical repro-

*duction was made showing the connection between physical properties and

chemical variation. The quantity chosen for the fourth axis of the prism is an

“approximation to the ratio used by Ford and later

“of All1s a not unimportant difference. If, as would appear probable, the influ-

“ence of a substitution of Al for Mg is of no great importance at lcast not for

*certain optical the ratic chozen by Winchell for the [ourth co-

ordinate is less appropriate than the older one. From the space model thus

"erccted and the sites of the analyses in it Winchell arrived at the following
f1nuref~ tor the mixtures, styled by him as end-members.

show a connection betweer. ferrous iron , on the one hand, and

specific gravity and optic axes, on the other, in the series named

a lower mean refraction

triangle and a fourth vertical

authors, but the inclusion

properties,

0

- —
. |
| Sign. 2\ » y-—¢t ciy Sp.gr
; | ' |
| !
© | CaMgSig0,./0H, e — SRE 0,23 I8 2.98 |
K ! Ni@a;MquISl OQ,(OH> e 50° 0,02 23° 3.06
_i NaCa, M ALSIO, O Y, oo - g5° 5.22 28° 3.13
H | qu\II:{AIS OuwlOF 1y _— .86t D.na 2057 3.13
¢ ,’ Ca,Fe’ 5Slg02,<o Ty R 0.c235 127 ‘ 3,40
I 1 NaCa,Fo”/sA1Si.0,, O11) ., — 1 z20% o.ez 15 | 342
i ‘ NaCa,Fe”,Fe'”* \1,51@:._.{011,‘2 .......... N T c.oz IR L 345
| Ca,Fe”;Fe,"ALSi;0,{(0TL, ... . ... — 70° | ;.03 ! 18° | 73.42
‘According to Winchell the figures can only be regarded as approximate

“ because of the complex character of the individual hornblendes. As regards the
3 table it mayv also be observed that several of the figures do not agree very well
- with the determinations made by different authors directly on specimens
whose composition closely remsembles those of the send-meamberss. It should
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also be mentioned that the rather great difference between tschermakite ang
ferro-tschermakite, on the one hand, and pargasite-hastingsite, on the other,
found by Winchell is not consistent with that found recently by Foslie and
by the present writer.

Apart from these reservations Winchell’s table aiso prompts the conclusion
that the properties of the calciferous amphiboles are not merely a function of
the ratio Fe: Mg or Fe + Mn — Ti: Mg, but that the introduction of sesqui-
oxides exercises notable modifications.

In order to study the question last mentioned we can use a two-axial diagram
of the same type as in tig. 6 and divide the points in it into different groups
with different contents of Al 11, then erecting separate diagrams for the separate
groups and choosing as axes certain properties and the ratio of selected elements.
Accordingly all optically determined lime-bearing amphiboles known to the
writer, with the exception of the basaltic ones, have been compiled in the
diagram in fig. 7. It contains 127 numbers, namely 103 numbers from Winchell's
list, the four analyses quoted on p. 20, the following numbers from Hallimond'’s
list: 123, 128, 143, 165, 184, and furthermore all analyses published by I‘oslie
and an analysis from a paper by O. Kulling. Tor the study of the optical
propertics the points have been divided into three groups with boundaries
at A1 1T -= 0.6 and 1.4. The threc groups correspond fairly well to what has
been distingnished above as Strahlsteins (group I}, common hornblendes
{eroup 1), and pargasites-hastingsites (group IL1). In order to test the influence
of greater amounts of sesquioxides in the atom group Y (All - Fe”'} only
the analyses to the left of the broken line indicated in fig. 7 have been used
for the construction of the curves. These analyses have been marked with
points, whercas the sesquioxide-riclier ones to the right of the line are marked
with crosses. A similar distinction to the left of the connecting line pargasite-
tremolite is hardly necessary, as the content of Al 1 -~ Fe'”’ is only small n
the members belonging to the tremolite-actinolite series. The propertics of the
pure edcnite therefore remain unaccessible. The properties tested in this way
are the refraction of  and the axial angle. The horizontal axis of the diagrams
is the ratio Fe” - Fe’”” - Mn — Ti: Mg, the elements known most greatly
to influence the properties mentioned.

As regards the refraction of y (fig. 8) it is obvious that the introduction of
Alinto the Si-O-chains canses an increase in the index. The points arc somewhat
scattered along the curves, but the scattering is not very great, especially
when considering the unheterogeneity of the material used. Some small uncer-
tainty cannot be avoided when drawing the curves, but the material available
leaves no doubt about the relatively higher position in the diagram of the
curves when passing from I to IT and [11. On the other hand, there is no regular
difference in the distribution of the points and the crosses in relation to the
individual curves. Thus the introduction of Al into the atom-group Y as com-
pensation for Mg does not to seem exercise any noteworthy influence on the
refraction.

It remaws to investigate to what extent the positions of the curves il the
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and Ti. Both are

tregarded as strong agents in raising the refraction power. As regards the first
¢ due regard is paid to its greater refracting power as compared with Fe”” when
using the calulated atom numbers for the construction of the diagram, for the
.atoms in Fe,O; are calculated twice. In the analyses reproduced 11 is generally
present in subordinatc amounts, only in a few cases surpassing 0.3 (about

2.5 per cent Ti0,). On the other hand, it is a fact that on the whole Fe””

and

“Ti increase when passing from the Strahlsteins to groups II and 111. A calcula-
" tion of the mean figures for Ti alone in the different groups gives 0.0z in group

1, 0.081in group I, and o0.14 in I11. Tf Fe

Iy

alone is considered, the upper limit
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r the points would be approximately the broken lines shown in the special
Glagram 1n fig. 9.
- It is not likely that the differences in y fonnd at the Mg-extreme side of the

dagram should be due to different amounts of Fe”
g

’

and Ti, for the amount

S

f these susbstances are very small here. The differences appearing here may
therefore be the resuit of the exchange of Si for AL The indices at the Mg-side

of the diagram are: tremolite I.62:, Mg-extreme common homblende 1.620,
f;pargasite I.6734.

If I'e””” and Ti should have an influence on the position of the curves it would
“herefore be restricted to the iron-richer parts of them and becomc apparent
i1a generally higher position of the analyses with larger amounts of these two
é‘:iements. On the other hand, the relations shown in fig. g do not tally with this,
sis demonstrated by the irregular distribution of points and crosses, the former
Zferring to analyses situated above the ~-curves in fig. 8§ and the latter to those

DP or beneath the curves. This fact may be interpreted to indicate that Fe

SO e S ok

B,

rsr
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1s fairly well compensated when calculated twice, and no perceptible influence
of the probably more strongly active Ti becomes apparent on account of the
restricted amounts of this metal. It would therefore scem reasonable to conclude
that the relatively higher position of curves II and III is also in the iron-
richer parts of the diagram chiefly due to the higher amounts of Al [T in groups
IT and III. The values of y tcad at the right side of the diagram are actinolite
I.69, ferro-extreme common hornblende 1.722, hastingsite 1.7235. However,
the second of these is rather approximate.

A noteworthy feature in the diagram is the different course of curve [ as
compared with the others. Whereas II and IIl run about parallel, I has a
distinctly flatter course. The same thing reappears in Foslic’s diagram. This
fact will be discussed further on.

The relations of the axial angle have been studied less than those of the re-
fraction. A diagram by Winchell from 1931 may be mentioned and also his recent
figures for the send-members» of the scries quoted above. Other contributions
arc Billings's paper on the hastingsitic group of amphiboles and a diagram
published by S. Gavelin. In the present paper the same horizontal cocrdinate
(Fe” -+ Fe””” — Ti) is used as in the case of the refraction, as the axial angleisa
function of the chief indices. The attendant diagram is shown in fig. T0. As in
the case of the refraction, the analyses with high contents of A11 — J¢””” are
marked with crosses, those with lower amounts ol those substances with points.
Both kinds are irregularly distributed here, too, so the presence of varying
of tschermakitc does not seem to influence the size of the axial
angle very greatly.

The points of the analyses are more scattered than in the case of the refrac-
tion and the uncertainty when drawing the lines is greatcer. The distribution
of the points could also invite to the construction of an S-shaped curve at
the groups 1I and 1LI. However for the following discussion the right choice

amounts

among the two possibilities is not of conclusive importance. In any case, the
diagram leaves no doubt but that a sudden change in 2 V oceurs in the interval
between tremolite-actinolite and common hornblendes. The diagram shows
that the axial angle is similar in groups 1l and 111, which is reasonable in view
of the similar course of the +-lines found above. In the series pargasite-hastings-
ite there is a marked decrease in 2 V., extending from about 125° in pargasite
to about 10° in hastingsite, and as far as analyses are available the relations
are similar in the common hornblendes. In strong contrast hereto 2 V is little
altered in the tremolite-actinolite series, only changing from about 837 in treno-
lite to about 74° in actinolite. Tt is true there is but one point on the actinolite
side but the relations in the Mg-richer part of the diagram are in palpable
accordance with the position of the actinolite point.

This is a remarkable fact, which corresponds to the dilference in the
courses of the y curves I and IT-—III {found in fig. 8.

The influence of AITI on the properties of the hornblendes will be seen mor®
distinetly if we confine ourselves to the Mg-extreme members with QO#I_OO
parts of Mg and construct diagrams with Al 11 as the one axis and the respective
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?refraction is greatest, the number of determinations is small. The scction along
les will bc seen more Tthe Mg-side of diagrams 8 and g is shown in fig. 1. It will be noticed that
mbers with go—I00 there is a break in the scries somewhere between about 0.6 and 1.2 Al Il
is and the respective § The discontinuity is most marked for 2V but is evident also for 4.
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The relaticns of the axial angle aid us in distinguishing the Mg- and ['e’-
richer mixtures of common hornblendes, pargasite and tschermakite from trem-
olite and actinolite, but the numerous intermediate mixtures cannot be dis-
tinguished by this means. In fact for thesc members the only difference seems
to be the generally deeper absorption colours of the former.

It would thus seem: justifiable to conclude that the members of the tremolite-
actinolite series optically behave as a separate group as compared with the
sesquioxide-richer hornblendes. The boundary between the two groups lies
somewhere between Al II = 0.6 and Al Il == 1.2 wherc the general diagrams
also have a zone with few or no points.

Basaltic hornblendes.

Basaltic hornblendes are generally understood to be species distinguished
by deep brownish colours, relatively small extinction angles of ¢ : y and high
refracting and birefracting power. Chemically they should be characterized by
high contents of Al Fe,O,, generally also of Ti0,, and a relatively low percentage
of H,0. The barkevikites may conveniently be included in the same group.
The members of the group have also been named oxyhornblendes becaus? of
their high content of Fe,0; being ascribed to a reduction of OH and a contempo-
raneous oxidation of Fe” ! Ilowever, the term oxyhornblendes has a wider
extension than that of basaltic hornblendes, as every amphibole containing
TFe” can show a corresponding reduction of OH. The latter term has there
fore been preferred here.

In Table 10 are collected a number of hornblendes, stated in the literature
to be basaltic or barkevikitic, showing their content of Ti, the atomic numbers
of Fe'” and Fe'’, OH, and the extinction angle. The members called barkevi:

I As regards the litcrature on oxyhormblendes sce the papers of Hallimond and winchel

(19.43).
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kite are marked with B. The figures before the names refer to the lists of TTal-
imond and Winchell (W). The sequence in the table has been determined by the
increasing content of 11. In fig. 12 the points of the analyses have been plotted

Fe’ — An — Ti: Mg.

The curve shown is that of the normal pargasites and hastingsites (111 in tig. 8).

Table 10,
I " ‘
| Ti | Te” ve” . H ey
I
]
1 H 133 Skudesuvndskjaer)s  o.03 0.83 2.23 I.22 I6°
2) H 126 Stavaernsjé B ... .05 | o077 1 2.3% I.49 18"
3) H 175 St. Vincent B ..., c.1y 1.37 | 2.17 1.28 20° ‘
4) H 167 St. Vineent ......: <.20 0.97 ‘ 0.80 0.6> n, d. |
35) H 134 Grosspriessen ....; a.29 0.86 ‘ 0.47 0.59 3° \
5) H 155 Tejedatal ........ | 2.30 .37 ' 1.3 0.47 o] ¢
7y H 179 Balaton ......... ST 0.60 ' 0.73 2.93 §° i
- 8) H 163 Isleta-Krater ..... o.16 0.84 | o.50 0.72 n, '
! ¢) H 138 Kilimandjaro . ... i 0.4% 0.32 1 0.73 0.20 Y -~-12° ‘
v 10} H 171 Madeira......... i c.18 0.76 | o.74 0.67 ‘ £° !
, 11} H 187 Fuente Veniura B| o.35 Iz I35 r.o6 | 10° !
| 12) W zo3 Loskkew ........ too.z7 0.78 | o.29 | o0.43 | 13° )

. A comparison between the figures for Ve
%IH , demonstrates that all the hornblendes in the list with the exception of the
stwo first (133 and 126) really contain relatively higher amounts ot Fe'”’ than
:ls generally the case in the pargasite-hastingsite scries. These two hornblendes

and the relations in fig. ¢, curve

sare not basaltic but ordinary members of the series mentioned. The others
b3 . - - - .

Zare members of the basaltic group, though Nos. 179 and 138 may be considered
0 lic on the boundary. A study of the diagram in fig. 12 and of the figures for

:Ti would seem to justify the conclusion that the most active agent in the in-




32 N. SUNDIUS.

4

crease in the refraction is the content of Ti, though greater amounts of Te’”
may possibly have some contributing effect. A simllar conclusion has earlier
been drawn by Kunitz. The few determinations of 2 V, available (138, 179,
103) agree with the normal relations.

The miscibilityirelationsin the amphibole group.

The data available arc not sufficient to settle all questions pertaining to the
solid solution relations in the very differenitiated amphibole group, but some
conclusions can be drawn.

Table 11,
e —— ;
, | | |
3 a,:b,icy ‘ a, b, ’ ¢, ,1ro:Tro
5 |
I
Anthophyllite .. ....... | I.027 1 I:0.292 1 18.52 ’ 18.04| 5.27 3427
i
Cuinmingtonite . ....... 109%34" | 0.345:1:0.293 l 9.93 18.22 35.32 54°207
Griperite ............. 0.325:1:0.294 } 9.4 ? | 7.9 5 :—:

- - [ - - v___‘i - T T - |
Tremolile ...t 106°02" | 0.535° :1:0.29% g.78 ’ 17.8 ‘ 3.286 55°367
Karinthine {Actin.) . ... | 106%2" [o0.551::1:0.2938 h ! ! |
Common hemblende ... " 105°23" | 0.341:1:0.2 9.94{5} 18.38 3.36) o
Kaersutite ............ 105°43"  0©0.342:1:0.29 9.35(1:) 18.17 5'3?i 525c—
Basalt., hornblende ... .. . 103°45" 0.341:1:0.292 9.94(:?) 18.3 5.36; ~—3530
Barkevikite . .......... | 105°43”7 0.542 :T:0.291 Q9.92(7) 18.30|  5.33 .
Richterite ............. 104°14’? 1 0.5499: 1 :0.2854 : . /]

. . . “ a =622
Arfvedsonite .. ........ 104°13,§ [ 0.539 :T:0.297 948,(?); 18.31 5.33: 0:,6,‘4
Glaucophane .......... 104°10" | 0.54311:0.300 0.72(7) 17.98  5.37| 54°s3 -

! ! l—55730" |

| H ! _s0
Riebeckite ............ 103°30" : 0.546 :I:0.293 9.88(?)i ol 531, 367
Osannite (Riebeckite) . . . 107°34" [ 0.534 :1I:0.266 9.93 8.2z 5.33

In Table 11 are collected the values of the constants of the unit cells and
of p, as compiled by H. Strantz, and the measured cleavage angles. As wiill
be seen [rom the table the ratios and dimensions of the axcs of the unit
cells display but small and irregular variations and do not permit of any
distinction between the separate groups except in the case of anthophyllite.
As regards the cleavage angle a distinction can be made between the Iime-pOf?f
monoclinic species and all other monoclinic amphiboles, but the difference 13
not great. The most instructive relations are found in the figures for §. A study
of the species in groups disclozes that the value of 7 in the monoclinic Ca-poot
group is 10¢°34’, in the tremolite actinolite series ro6%02’, in the group of
commeoen hornblende-pargasite-hastingsite 105°43", and in the alkaline horn-
blende group 103°30'—7104°13". The only exception found i3 osannite with
8 = 107°34’, which differs front all other amphiboles. From these 1‘elati0n§ 11'?
conclusion can be drawn as to the degree of miscibility between the various
subgroups, but the relations found indicate that if a restricted miscibility
does exist in the hornblende group, it may be fonnd betwaen the forn sub-
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groups just mentioned. Chemicalstatistical and optical researches arc neces-
sary to throw further light upon the matter.

As regards the Ca-poor amphiboles it
marked area of immiscibility separates
no case does the calculated figure for the X

known that a rather
from tremolite-actinolite.r In

has long been
them
-group {NaCak) in the lime-alkali-
sroup scem to be less than 2, and with the exception of holmquistite and
ugastaldi’ie {p. 12) the same is truc of the alkaline hornblendes. If the two horn-
plendes mentioned be understood to represent the lowest possible number of
stomis in group X in the alkaline group, the boundary should lie at about 1.5
st the same time the content of the corresponding elements in the Ca-poor
group is very small. Between the general formula of the latterY;SijOg,(OH),
snd that of tremolite-actinolite and hornblendes X, Y20, (O11), no inter-
mediate forms seem to be known.

In the Ca-poor group there is a distinction between the Fe''Mn-richer mono-
“Jinic members and the antohophyvllites, the dividing zone lying at about
17-—40 mol. per cent MgSiO,. Only when greater amounts of sesquioxides are
present in the rhombic amphiboles does their content of Fe and Mn exceed
the limit given above.

The relations between thc Strahlsteins and the hornblendes are more un-
certain. In a paper of 1929 G. Beskow published a general diagram on the
mmphiboles and concluded that there may exist considerable gaps between the
Strahlsteins, the alkaline and the lirne-bearing hornblendes, whereas at about
the same time (1930) Kunitz supposed transition relations to exist betwcen
Strahlsteins and lime-bearing hornblendes and also between the former and
glaucophane and between basaltic hornblendes and arfvedsonite, though with
the modification that may be attributable to the temperature. Foslie seems to
be of the same opinion as Kunitz as regards the relations of Strahlsteins to
common hornblendcs and pargasite-hastingsite. Berman's conclusion was that
within each of the four series recognized by him (anthophyllite, cumming-
‘onite, tremolite-actinolite and hornblendes) there is isomorphism fo the extent
indicated in the formulac, but between these series little overlapping is found

“ip- 387).

l.caving aside, to begin with, the relations of the S Lrahlsteins to alkaline

tornblendes, it is apparent from the diagram in fiz. 6 in the present paper

:'uat if an unmixing area exists between tremolite-ac tu\ohtk, on the one hand,

and common hornblendes, pargasite-hastingsite and tschermakite, on the other,
‘it cannot be very great. The relations of refraction and axial angle as demon-
strated above are incompatible with the existence of transition relations. What
‘as been said in this paper seems to prompt the conclusion that the pattern
“orresponding to tremolite-actinolite cannot continuously change to that of
i;;lthc sesquioxide-richer hornblendes. But ds the unmixing area is small the con-

5empomneous formation of the two amphiboles may occur fairly seldom in

mature. They may also easily be overlooked in a specimen, unless the optical
pmpertles are carcfully studied. Especially in the quantitatively predominant

¢ ! For litervaturc on thiz subject sce Sundius, 1912,
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Al+ Fe

Eckermannitss
Arfvedsonites
Kotapherites
Glavcophanes
Grossites

frebeckites

Richierites

Ca - bearing bornblendes

mixtures with an intermcdiate content of Mg and Fe the two kinds of horn-
blende will be {airly similar and difficult to distinguish.

In the alkaline hornblendes the relations are more complicated and the number
ol analysed specimens is smaller. There iz not available any complete series of
mixturcs between the end-members which could settle the guestion. Conse
quently no definite conclusion can be drawn regarding the solid solution rela-
tions within this group; it can only be said that the similar values of 2 fonnd for
the different standard types do not indicate unmixing. It is doubtful how
the abnormal value ot § in the riebeckitic osanmte should be interpreted.

Fig. 13 is a compilation of 2l1 the amphiboles treated in this paperin a triangi
lar diagram with the coordinates Ca, Na -- Fe'”’. As the atom
namber of Si theoretically remains similar in all alkaline homblendes, the €7

K and Al -

. . . 4 P v . - L 2}
ordinates chosen should be appropriate for a granhical reproduction o1 the
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members of this group. In reality a slight replacement of Si by Al ccenrs. In
the lime-bearing group the replacement of 51 by Al is the most characteristic
feature. In the diagram this is evident by the cqually raised values ot Al + e’
The greatest shortcoming of the present as of all hornblende diagrams that in-
clude Fe is the already discussed excess of Fe'”” in the analyses, which has
caused many of the points to be dislocated towards the top corner. Chietly
for this reason most of the points of the eckermannite-arfvedsonite series
and of the richteiite group have moved upwards, so that the former partly
mix with glaucophanc-riebeckites. But this ig of minor importance as regards
the relations between the alkaline and the lime-bearing hornblendes.

A study of the diagram shows that the two chief groups mentioned do not
mix with each other, their points clustering along different sides of the triengic.
This is most conspicuous in the case of the lime-bearing hernblerdes, the par-

gasitic, hastingsitic and tschermakitic members of which form a rather dense
aggregation round the theoretical point of pargasite, whercas common horp-
blendes and tremolites-actinolites form a more sparsely occupied zone towar

the Ca-corner. The broken linc marks the approximate position of the nnmixing
zone between the Strahlsteins and the sesquioxide-richer hornblendes. The atka-
Jine hornblendes tend to aggregate along the other sides of the tnangle. A.-_:

regards the richterites this should become even more nouccable if regard con
be taken to the excess of Ie”” in the calenlation for the dizgram. L’l'-»chca_djy
all the dislocations of the points from the bottom line - — the theoretical site
of the richterites - - are attributable to this. In any case there are only lew
points in the central part of the triangle and the only instance where a horn-
blende referred to the alkaline group comes in touch with the lime-bearing
serice is the point of richterite (No. ¢ in the table on p. ), which is sitnated
in the outermost zone ot the area occupied by tremolite-actinohite. Its posiiion
may be influenced by an excess of Fe'” and furthenmore its oprical properiics,

. whether tremolitic or not, are vundetermined (cf. p. o).

It should be noted that also the amphibeles corresponding to the outermost
points of the alkaline group always behiave as mernters of that group when
optical determinations arc available, and the correspending points of the lime-
bearing series behave optically as members of this series. The change iy the
optical properiies mayv therelore also generally be fairly sudden, as is shown
to be prot arle in the individuel case of richierite-tremolite.

These facts rather support the supposition that there cxists an unmixicg

zone hetween the alkaline and the lime-alkaline hornblendes, though the un-

mixing arca may be restricted.
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