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'.Vhe11 the standard fonnula of the amphiboles had been established (\\'. T.
SCh(ln(~r 1916, E. E. \Yarrcn 1929 and I930, \V. Knnitz I930) and its validity
also for the alkali- and sesquloxide-bearing hornblende~ proved (\\~8.rrc;l1

; 1930) .. an cLtte1llpt at a classification of the alkali-aulphiboles on the basis 01
the formula -\-vas Jllade b.y If. Bernlan and E" S. LcHsen (IQ31), and a nlorc
general classification by 13ernlcul in H)37. The latter divided the- elenl.ents present
in hornblendes into four groups \Y == Ca, Na, K and sornet1rnes Ll; X :..= l\Ig,
I1eJ

!, ::\1nll, ~\l jn part; Y = AI, Fe'if) Ti, prlncipally; and Z := Si principally

and AJ i;1 pan. The spl~cies cli~llngnlshed on this basis ~\'e-rc the follo\ving.
:'( y /. = S~ : AJ

n 7 : T Hry::nblencl(~-FAknit2
,1 ! () 2 Has t ~D-:.:;s.ite-,

8 : I,) GlclllCOp :.lanc.

4 r oS " Adv-cc1S!)!l i te

In the earlier paper of 8rnnan and Larsen a fornlula st.yled soda-tremolite
(,Ka2Ca.:\'Ig5Si8(\2(OH)~~, had al~o been introduced, besides SOIne fonnulas
without (}H or \vith one at01l1 of hyJrox.vle.

In 1943 A. J.... Hallimcmd published a list of no 1e:3s than Ig6 analys.es of lune­
bearing hornblencles calculated at atotnic ratios according to the stanuard
formula, and sho"\ved that they' can all be graphically reproduced if referred to

i·~ the fornlulas I) Ca))\[gFe"),jSisC\../OHh (trenlolite), z) Ca2 C\IgF"e") 81'\1 JSiC
;~
,1 022 (01-I)2 (styled as Ts), 3) NazCa~ (~rg Fe")/d::]Stl\:J(OIt1

2 (styled as IIa).
~. The third of these is not in accordance \vith the amphibole forrnula as sho\vn

TI-46206iJ. S. (;. l/.~ Ser. C, ;\':0 4~'O. Sundiu".
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by \Vinchell, who proposes that it be exchanged for hvo fonnulas NaCal~lgFe")5

AlSi,022l0H)2 (hornblende-edenite) and NaCalMgl:;'e'11Al:lSi6022(OH)2 (hastings­
ite).

The papers cited above pron1pt the conclusion that the seclningly cOlnplic­
ated and confused relations in the hornblende group in reality can be expressed
by a fairly small number of tenDS. Indeed all the forrnula.s used in the follo,v­
jng arc contained in the \\'orks rnentionecl, though they contain SOIne that are
not necessary. 1\1so Inost of the principles of the substitutions, on \vhich a gen­
eral classification rnust be founded) can be derived frOID the earlier papers. On
the other hand the earlier vlorks are incomplete, especially as regards the
alkaline hornblendes, nor a.re the relations \\'ithin the individual series trea ted.
For this reason it has seemed justifiable to take up the nlatter in C!. soule\vhat

broader connection.
-'.1\ calculation of diffErent types of hornblcndcs soon discloses that the chief

type-fanDing kinds of substitution in the group aTe restricted to the introduction
of alkalies and to the different l1'lanners in which this is accornplished and to the
exchange of Si and (JHgFc") for AI. CPOl1 applying this principle to trernolite
or actinolite, \ve get a srnall number of fornlulas in \v11ich the substitution
proper theoretically cannot proceed farther or in practice has not proceeded
further than to a certain lilTIit in the analysed amphiboles. Of these forn1ulas

the former correspond to \vhat n1ay be named end-melnbers) the latter not. in
the follo\vil1g both kinds arc called :;tandarcl types) frorn \vhich all Inixtures
in the group can be derived.

In an additional chapter the solid solutlon relations within the \vhole anlphi­
bole group are briefly discussed. For the questions occurring here the optic2.1
relations playa conclusive T61e and for this reason and as the optical properties
are a necessary Ineans lor the determination of the type of the specirnen,s,

they have to be included.

The general hornblende formula.

In its sinlplest forn1) as realized in trelTIolite-actinolite) the fornElla of lime­
bearing amphiboles can be \vrittcn X~Y,=;Si~O;!2~OH)z" In the lattice the 24
O-atoms are linked together by eight Si-atoll1s to fonl1 chains of Si-O-tetra­
heclrons \vhich are bound together bv ~C\'en rnetal atmllS. The latter are of

J ~ ~

hvo kinds, occupying positions \vith clifiercnt size oJ the space rOOll1S and ,vitI;
different co-ordination nUlllbers (S-co-onlination for the X-atoll1S, 6-co-ordina­
tion for the Y-atolns). The X-atorns arC' large: the Y-atolllS intenllediate or
snlaller. Furthermore, the presence: in the lattjce of the so-called vacant ..spaces
makes possible the introduction of further atolllS in the frarne-\vork of the horn­
blendes, and these nlay be of a size sirnilar to that of the =~-atolns. Rt'mern­
bering, too, that Sj can be replaced partly by }~.l the general forrnula of the horn­
blendes 111ay be written: X 2- 3 \T5~~B02:/0HL '\vhere ~< = }Tnl/ (in part) Na J Ca,

~ ., T \ rr" r< I I I :r II I " " , ,. - • ]" 1J~e"I"\. and Ba and ~~OnletImes Ll; Y "-----=:~' 1, -'-.1, Cr . C ,~dn ,::\tg, ~]) ..1,.1-' ,

'in '\In'' lin P'"it')" ~"= Ci .'\] and nq ..... ::.1' b'-' replaced b'~ F or C1 rn theL......Il. J ~L' \..L '-"1._ o.;} £ -' \,../ - J..1. ~. ~ . ..!.. \...., '-"- L "-...... (,.. ..x .
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[Standard types of substitution in the hornblende group.

The introduction of alkalies into the hornblendes can occur in three different
manners. 1£ \ve start fronl the trcrnolite formula Caz~.Ig-5Sil\/OH;ttbe C0111111on­
est case is probably that alkalies occupy the yacant 11ositi.ons. [n order to re­
esta1)lish the balance of the valences a corresponding number of Si-at0I11S

: must be exchanged for .A1. This process can proceed to the extent of I atoll1of
· }Ja and I atom of Al for I at0111 of SiJ \vhen the vacant spaces are filled. The
, resultant hornblende NaCa2~\ig3AlSi70z2(OH)2nlay thcTefore be regarded as an
; end-rnenlber.

In the second case Ca is exchanged for Na. If one atom, Ca is exchanged for
: the equivalent atnOl1nt of Na, thus Ca [or NazI no other change is necessary
· in the constitntion of the tTemolite. \Vhen this is accolnplished the vacant

spaces arc filled and this kind of substitution cannot proceed farther. The re­
sulting hornblende (Na2Ca11g::;Sis0 22 (OH)2) Inay therefore be regarded as ail

: ena-rnenlbeL

If the exchange of Ca for Na should continue further, it Inust be in the ratio
.: Ca : Na. The balance of the valences is then disturbed and a surplus of negativ'e
,1 valences arises \vhich rnnst be saturated by the exchange of a divalent atolll
~ of the group Y for a trivalent, i. c. ~[g hy Al (or Fe" by Fe"i). \\'hen this sub­

'stitution is cOlllplete \ve get a nc\v end-rnernber (Na;::31g1AISis022(OH)~).

The saIne kind of Suh~t1tution can also be realized under certain other C1rcllln-

stances. If we start again fronl trcrIlolite and substitute Na for Ca according
· to the ratio I : r; but inlagine that the vacant spaces are 110t filled, ~lgFe"

· must be exchanged for Al or .Fe/''. I f the substitution is cornplete, \ve arrive at
< the fonnula N~i2}Ig3l\12S1:/)22(OII)2, \~/hich elIsa represents an end-nlelnber.

If Al is jntroducec1 in the trenl01jtc fonnula \vithout the introduction of al­

: kalies, the vaJcnce balance is maintained by a contemporaneous exchange of

'·1Ig and Si for Al Al. I f this substitution occurs alone, \VC obtain the fonnulas
., Ca2r\lg4A12Si,022(()}-[)2, Cll~1\Ig:l-\1!SiH(\2(O}-{)2' and so on. This kind of sub.stitu­
~ hon is fairly COllllllon in the linle-bcaril'cg hornblende.::;, but practicall~:l it does
,.: not go farther than to the last-rnentiol1ccl £onnula, whi.ch is not an end-lllCmber,

~ but for practical reasons it \vill be cho.::en as ~ standard funnnia.

Thc. last-luentioned kind of sub:-ltitution can also be cOlnbineu with the one
" first mentioned. If \\?c substitute Al Al for ::.\Ig and Si in the formula ~aCa2

,~lG5A1Si70z2(OHh) \ve get the fODnula ~aC-a2::.\IglA10SiB(\2(O}i}~.This is not
; :in end-nlember either as, theoretically, the exchange of }Ig Si for Al Ai can
~: proceed further, and in nature it can be ShO\Vll to ha17"e gone further, but it
.1 15 fairly nncomInon for the hornblendes to contain Inore AI, and therefore the
,; formula Inay conveniently 1)c. set up as a standard fonnnla.
<' ----- - -'- -' -

~ 1 According to :vracl:.atschki (Zeibchr. f. Erist., 70, p. 2q, rg29).
:~;
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Trcmulite

Table 1.

The application of these kinds of substitution to tremolite leads to the six
fOrlnulas quoted in Table I. They represent the standard types frDm 'which all
other hornblendes can be derived. As l\lg and I-te" arc unlinlitedly exchange­
able) there is one :Mg- and one Fe"-lllcmber of each type, the name of the latter
being quoted bclo\v that of the former. The table ll1ay conveniently be divided
into hvo parts, corresponJing to the alkaline and the lin1c-alkali hornblendes,
\-vhiel! latter are also called lime-bearing hornhlendes.

Richt.crit(; (\': "

Fcrrori(:htcritc~- ~'

K a zCa(I\lgFe//) 5Si8(}~;/OH)~

_~c t~ I10li ~~

C8. 2 ( :\IgFe/J )"SisO z2 :' OH) z

Eckerm;-,,-nEi~e

Adved:.::oni.te

K2sC~T.gFe/l)4(Al Fe//fISisOdOH)z

GlaUCOph2::l8

Ricbeckite

K 2.:lMgFeJJh(AIFe"J;"

SiS0 22(OH)z

, I

I

1 SiO~ " ... ,., .... '
A..l20 3 .• , .••.•.••••

I
, ~i02"" .. ' .

FC2 0 3 ••••••• , • , - .•

, :'1;;0 , .
I FeO .
I MnO ,.
\ ~a20 , .
,CaO ", .
K~O .

I HzO .
,F .

I
-- 0 , .

Trcmolite

The trelnDlite-actinoIite series.

As regards the
nkD1bers of the s
fremolitc of olel de
inadequate. It see:
mol l}S FeO and
extrtn1cly Fell-riel

"actinolite has got
men1bers are quan
varieties v'lith a 1,

t ACc.OTding to mea~

2 \Vinchell, A. l\. E

1. Trernolite (,:,H(;x,

1033·
2. Actinolite (,:·felT

1 Plns c. 12 % CO 2

The formula is (
two N a. This typ
analyses J from an
f rorn richterite wit
'-'lith decreasing ar:

Tsc:1.crmaki'Lc

Ferro Ls(' 1-: ,·rnlaki H;

C32,:~IgF(;//)3( Al F(,JJI,I~

;\J~SjGO~)OH)2

Par:;3sile

H;l,;ting::::it"

NaCa/:H,g' l.'(;/r:~(_\lFcl")_\J;.!

Si G0 22 ( ()TT) ~

Actinolite

Ca2 ( :'vI;;Fe) 5Si ~Od: 0 H) 2

1\\'0 analyses \-vith very different ratios FeO : :\IgO a.rc shcl\vn in Table 2.

The optical relations in the series trc111olite-e.tctlcf:'!.olite \vill be discllssed in
vlith tbose of the 1ilne-bearin~ hOTnblenclc3.

Ec1enite

F erroedcni tc

:'-J"aCa z()lgFeJ/) JAlSi70~/ OH)~

As regards the table it is logical that those hornblendes in \vhich Ca is ex­
changed for alkalies be tenned alkali hornblencJes. According to this principle,
edenite~ pargasite and hastingsite do not belong to this category, but are
litne-alkali hornblendes} \vhcreas richtcrite belongs to the alkalin(~ group.

The species fcrrorichterite and ferroedcnite .set up in the table lack analogies
in the analyses. The former nan1C is proposed here by the \".Titer. The nalne
tschern1akite is used according to the propos:ll of \Vincbell (I945).

Tschermakite-ferrotschennakite and pargasite-hastingsitc arc not end­
Inembcrs~ all other standard types are.

In tbe follo\ving sorne representative instances of the standani types of the
table arc quoted from the literature, and the relations \vithin the separate
series are discussed. A good nlany o[ the analyses reproduced here are frOlu the
valuable papers of S. K.rcutz and \\-. Kllnit.z. As a S11J111narv of the nurnerollS

analyses of bIne-bearing hornblendes the lists or Hallin1(;n d 3.11 d \\-inchell
have been very helpful.

J
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Ricbee. ki te:

'N2 2(MgFc//h CA1Fe"\/
SisOdOH)2

)lite leads to the six
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llilnitedly exchange_
le nalne of the latter
'leniently be divided
=-alkali hornblendes,

1 PIlS O. I Z ~.{) CO~

r. Tremolite (ilHcxagon.itC:>i), EdwJ.rcls, N. Y., A112.1. by A. Byg'cien, T. ),:1. P. ]\,1. 4-3, p. 437,

i 1933·
2. Actinolite (:')feTruantLlOphyllitc:», Taruarack i\Ene~ IdallO, Sbannoll, ref. ljJ )j. J. 1924: 2.

As regards the nomenclature in the treJTIolite-actinolite series, the Fe-rich
membeTs of the series have also been nauJecl ferrotrcmolitcs ,2 A:-; the name

tremolite of olel designates 111embers \vith a. veTy high ~IgO-content this terrn is
inadequate. 1t seems appropriate to extend the term trcrnolitf' to about 15
mol c~<) FeO and to nalne the ]:,~e-rjchcr mernbers actinolites. If desirable the

, extremely Fe"-rich species can be sevarated as fcrroactinolites. That the term
i .actinolite has got so "viele an extension is due to the fact that the lUg-rich

melnbcrs are quantitatively prcclominant and the older analyses only included
varieties \vith a lo\v F e/l-COlltC-rlt.

The formula is derived froTn trelnolite by exchange of one atom Ca against
hvo Xa. This type has a130 been narned soda trerl10lite (d. above). Three
analyses! from an earlier paper by the \yritcr (I94S), arc shown in Table 3.
From richterite 'with about 2 atolll:; of :\'a (K) there is IOlO\\'n a series of members

i with decreasing amounts of alka1ies to auout n.7 atoms of X a(IZ).
1-~--"·_-

, 1 According to measurements b'y V. E. B(lrnb, d. A. K. vYinchcj1, 1931.
i ~ vVinchc:l1, A. ~. Elements of Optic,J l\Ii'leralogy, 1933.

~
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1 Plus o. 19 SO~. In a test for Li no greatecr Clil10unt of tbis rneial was £ouI~d than what was
contained in the reagents used for the anal'y'sis.

I. Ric11tHite, UmgbalJ, anal. R. Blix, opt. dc-tErill. by N. Sundiu; 19~.S.

2. l} and opt. determ. by S. Krcntz.

3. A. Bygd6n, opt. (:.eterm. by N. Sundiu~ 1945.

Sp. gr. (L
/)

I' i"-a c 2V OV t . orient.j"J
I U

r. 3.::; S 1. 62 2- I. 63)' r.6.p 0.0' 9 I9~ 66~30f b =- /1
2. 3. 0 4-4 I, 61 51 I, 62 94 r. 6 36 7 0.02 I 6 J6°55 1

(j8~31-1

3· 2·99 I. 60 5 I. 627 0.022 I7~ m.edluIll

The high content of I\'fn is note\vorthy in the analyses. This ls due to the fact
that the occurrences of richterites knovvn arc Fc-::.\'1n-deposits. To judge from
the atolnic ratios ::\In Inay partly enter in group X. It is possible that part of
the alllount in group Y Inay be present in the fOYlTl at ~rnl!), but the relations
in the Dlodern analyses make it appear ilnprobahle tJlat the ,'\'ho1e content of
l\In should he threevalent, as supposed by J. Jakob.

The substitution of Na 2 for Ca in trenlolite has had but Ettie influence on
the optical properties J except that the a:\:ial angle has cliJl1inishcd fr01l1 abOllt

82° in trenlolitc to 66-68°. This 11lay be due partly to the presence 01 jIn, but
it is not likelv that this should be the only cause an10IH2.· other thinzs because
the differenc~ in 11n behveen anal~lses I ~ and 2 J is con~iderable, 'wi~ereas the
variation in :2 V" is slnall.

Belov;.r are sho\vn the calculated figures of another five richtcrites representing
the Inore rece!ltly published analyses. The nun1bers refer to the list in the author 's

earlier paper. Ru refers to an analysis by I{reutz of hornblende trOIn RusseL

i
i-

6 , I
'J < •• I:
9· , ,. :
roo _ < •••• , :

~~ ~:::::::::::: :;
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K. Y. (p. 930), a b
substitution of edE

I I
~llmb. \

of atoms'

I I

3
.:-Jumb.

or atoms

r.q--1-! 1.8'\
o. J 810.08

I

I ,

56.:::·! 7·:\9 } 57.74 7.89\ i
O~41 0.02 . 7.9

1

1

0.370.06J7.95
, tr. I

2. 1 410.22 1 I o. 29 i O.~4l I
20·99 4·.t-/- ~S·c:::,! :23. 57'4' 0 -1}4.9 D;

--_·S I 6 f O.H} i ~1.'~'CI O.2~J !,

5· 1'1°' 9\O.35}r. 60 I' , I
8.29 I.z.~ g.oll1. 32 I.32:
3Jq 1.'JI ) 3.14- o.S,) I.

. • I, 1.°9' .. \
0.47

t

IO .')8 I I o.6,t, o. I 1 (c. g
-1-I .

I I
l '2.'Q 2.13) \
. 1. 9 T .• - l, 2.2]'

J 1_:'37' 0.c3J

,IO".J
i. ~---=-6
, 99. S"!

! 99. 66

I'~·:~I
99· 391

\ 2 - II'I .~

Table 3.

1\llrnb.
or a to:ll1l3

I

53. Sci 7.75 } _ J
1.37 1 0.22 /·9:

0. 1010.01 I I
1.S9 0.2! I

I8.4-5\3.9 8 f' S.C)'::,

" 6 r ( o. g~ Io. 0' 1. 0 :;.. '., -LO.2~} I
5.43 0.S4 !.cS

).6111.::7 'I \'. .. ~ , ? v q,~

1. 72. O. 3 1 I -. -'

0.3oio.~2 .' I
o. I 4-
1.9 1 , r. 8 3

I 0.3 6 \ 0.16

l-..-?~j 0.02

99. 83
, o. T 6

)-~;9.6;1

8

I
Numb.\

of I

atoms

in til(; I
fonn.

Si02 ..• ' .•••• , .. ,

A1 20 3 ••. , ••..••

TiO:! 'I'
Fe20~ .. , .
MgO ,... 5
FeO .
J.InO , .. . 1

CaO .,
1\8 20 ,)
K 20 , 'j' 2

~:g<.;~;~.::::: I
HolO::> 105" I}

I ~ "-

Ill..... "1

I --- 0 for F and C1. I

i
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~. Y. (p. 930), a trernolitc with admixture of richterite molecules and a slight
substitution of edenitic type (Na A1 for Si).

us 1945.

lius 194-5.

---j

x Rei

/5

r-- I

1 _

Tr
---...--.::J

2.e

Fig. 1.

, I I "

i • '. 8 I 61 6
o.~3,r.69'O.~ 11.4- iO.,~

10.:)9! 1.1 I 110..,0 2.64- 0.~4

,L~8! o.o~ . 0.62/ I.2~ I
I L+6 o'SJ, 0,16 LL I

I.:::: 2.1 1. 3GI 0.25 I. 36 I
11.7 2 0.68,0.13 I 1.9:): 0·37

0·5 S ....:... 0 . 2 :::>

1.15 + 0.39
0.82

0.69 + o.c+
0. 1 9....:... 0 . 18

0.02.

I Ft~,n1 Fe" I :Ug I
, I ,

i Si I Al

! ,. I I I

6. . . . . . . . . . . . . . . I 7·9! I I ' o. C) 2.~. 63
7.. ·· .. ····· .. ·· 7.8+' o.C:Z 3. 83

, ... s· ,9· . . . . . . . . . . . . . . I j. 7 i 0.:::; Io. 5'2 ! ~.• 1 2

! O. • . . • . . . . . . • . . i 7· 7 2 i o. 0 I) I o. 0 5 I 5. 1 2.
II 17.40 ',J.:.\-i;; 0.+6! '4.92

Ru.·.··· ···. 1 7. 6 :::: 0.3 0 ,O.u9,0.17,4. 61

\Vhere double figures are quoted lor ~.rn the second one sho\vs the amounts
that are to be united in the fonnula \vith Ca. The principle for the division is
that 2 Ka should substitute Ca. The arllount of WIn R

to be included with Ca is therefore 2. 8-a, a being £oT'c,-,----

equal to the sum of Ca and half of Na ·1- K. But in

no case is more :J,ln transported to group X than ,"
what corresponds to the snm of at least 5.:::;C' in /.5 ._.

the atom group Y.
i\S the substitution occurring in the richterites is

restricted to the exchange of Ca for alkalies the ana­
lyses can be reproduced in a diagrarn \vith the two ;e;

kinds of atOllls as coordinates as shcHvn in fig. 1. The
positions of the forululas of richterite and tremolite
arc marked \'vith the letters H. and 'Ir. The richtcrites
fornl a series extending fronl H. to sorne\vhat Inore C 51 -- r ---

J. ;

than half of the distance to Tr. The diagrarn also
5ho\vs the position of the Russel tremolite (Ru), :
plotted according to its content of Ca and the arllount ~

.' '-~

of XaK that can he calcu1a.tecl to substitute Ca (the Co --->

slllall arnount of ~a corresponding to edenite Inolc­
cules being neglected). The nature of this horn­
blende is cleculs' trell10litic (2\'" = 86.J14/). As the axial angle of the richterites
rernains similar at least frorn point i. to 2 (for 9 no optical deternlinations are
available) the change to the angle of trernolite Inay be rather sudden.

~umb.

of ~torns
3

I 100.82

I 0.16

g;.ss!

This is due to the fact
~posits. To judge from
~s possible that part of
vIn/'', but the relations
t the \\tho1e content of

6°30' b =- P
8°31.'

odium

2 V(( Opt. orient.

11 'was found than '\-vhat was

1mb.
ltoms

but little influence on

dil11inished frOIrl about

he presence of ThT11, but

g other things because
siderable, \vhereas the

richterites representing
J the list in the author's
Irnblende from l{ussel,

The formula assumes a further replacement in richterite of Ca by Na and
at the sanle time the introduction of a threevalent atOlll in the Y-group in

.. exchange for a divalent. \Vben the index of Na has arrived at 3J it has attained
its theoretically highest possible value in an arnphibole j and in reality it only
seldom surpasses this figure and then by inconsiderable anlonnts in the modern

" analyses.
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Only t\VO representatives of this species seem to be known, namely the
imerinitc described by Lacroix frOln contact-lnetamorphosed limestone In

~Jadagascar and the Li-bearjng eckenllannite hom the nepheline syenite at
Narra Karr in southern S\veden. Both the analyses are quoted in Table '-t.

Table 4.
I 1

I [i
I

Pleochroisll1: IJ. bluish green) /3 light bluish green or blue-violet, y pale
yello'\vish green.

I. Eckcnnannite, Narra Karr, S'\veden.
2. Inlerinite, Alnbatoharina) l\'Iadagascar.

Of the hvo alnphiboles the eckernlannitc accords well \vith the fonnllla. The
high FellI content in the Y-group 1S cau~ed by the presence of Li20 and partly
also by the presence of 0 instead of CHI (oxidation of Fell). The ilncrinite sho\vS
some departures from the theoretical ratios of the 11leial groups but evidently
belongs to the saIne substitution type. In tb.e choice of the ty-'pe HelIne pre­
ference may be given to the former.

Optically the ecket1nannites are lTIOst closely allied I'vith the ar£vecbonites}

their iron analogies, though tIle colour is more sirnilar to that found in
'---' c..;

glaucophane.

1 of \'vhich 0.C2 -in H~SOl·('xsi,:cator

~ Calc. by tee author r::-oTll ;3 E about I()O-'

: SiO.> , '" !
All)3 i

i Fe 20;j , , _
i ::Vl~O , ;
, FeO .

CaO .
I Na~O I ~
l(~O , .. i I

I H/) \
I

L S.ds

2.3. 136

1. Ghucophanc,

Holmqnist:'ic .
: G?:3t2! :lite _.

2.

Pleochroisnl y bl1
Besides by their,

terized also by the
1egative axial angl

lCunitz succeedet
treIno1 i te-actinalite J

mulas he con-cluded
cOlnponnds. On the
iained in the inti
compiled by Kunib

(glaucophane }\,ft. S
to gla.ucophane re~

series. Of the oi:her~

! internlediate nWlllb
1Lanjaron) a pargasi

1

amphiboles quoted;
Dlore, the sparse 01
continual tran.sitiOl

I To tIl e glancopha
~"\Neden) and the ga

t are quoted belovv.

1-

z. 7 6

1.6::

Numb.
of atoms

b =. (-J

a.so}
0.82

"""" _.:
IJ

2.73

255 :.:

o. S5
O.I):?

7··P
1. S~

Ioc.6~ I
i I
1---- -

Icc.liz I

53·/3 7.3 S
0.4- 2 } 8.0(;

2·72. O.4-(,{
0.':;- I

O·-:>t
0.8+

.1-.7 2 0.5 1

3.S S "20.68 4· 3 61 4.9 1

4-.7 0 0.55J

3· 14

::-JUElb.
of atoms

8.c~

LO:?

0.:)41
0.84
I. 92}
0,6;I
0.3 1

0.::'6J
o.c4

0. 051
2.66

1
,

0·43

O.47} 1.66
I. 1 9

I

roo. 1 .'

IOI. 28 I

I. I ~ !

57. L:J

6, Tt}

O. ~ 5
8.::: I

9· I? !
I. IS
2. 6 9
0·3)

0.)4­

o.~ I

9·7""
2,3 X

1 o.cS
0·5:::1

2.69
2

4-

3

8
I

Sp. gr. (f; fJ ;~) j'-a

J. 3· ItJ r. 6.l f) .r. 64-4 I. 649 0.01 ~

:2. 3· c ~ r. 63)) I. 6 j:) 1. 653 0.:::' I ~

i Numb.j
10£ atoms
- in the I
,I formula _

I I

Si02 • ., ••• , " •• , •••• I

~ii~~ ":::~ ~ :::::::::I

E~g~·:·.:::::·::·:::: :
I'eO , .. , .. , I
ZnO _ I
1\Il1() .•..... , > ,

CaO " ." .. _. I
Na20 , .. }
E:~p , .. , .. , i
H 20 < TO 50 •.• > ..... i
H 20> IOS

o
""'" 1\

F , , .. iJ

._- () for F .



THE CL_~SS£FIC;\TJOl'('OF THE HOENBLENDES

Glaucophane~N a2l'lg;jA12SiR022(O.H)2'

Table 5.

,v11 , nmnely the
:d limestone In
cline sveni te tj a
l in Table LJ-.

No. of
atoms
i.n t~c I

iormula

I ~Unlb. of atorns 2 KUlnb. of atom~

~umb.

of atoms

·5 Sf 0 ..4-2 } 8.c-o
.+6 L

0.84
. ::;4-
.5 1

.3 6} 4.9 1

·55 J

o+'}·°3 2.7 6
.3 2

.s::;}
To 62,Sz

)pt. OJlt'llt.

h = .'"

>violct, y pale

le fonnula. The
~i20 and partly
imerinite shows
s but evidently
spe name pre-

~ arfvedsonites,
that found in

Si02 • 8 57./31 7.79 { .sCi. 9',
i /'. s{, / I

0.2- I 8.')::' O.q J
8.:::"::

.-\.1;:>.03 2 12.'::4\
1. 9 '\ ro.83

~: ~;;\ I.6 }FC Z0 3 1. 1 G 1. " ~ I.~ I
!

1. 9 1; 0.11 2.9 2 '

i I\[gO 3 13_'2-2- 2. 0 l ~ J 0.+3 1
2.16 1:

5. +,I 3· 2 5 3. 1 r
FeO 0.6 I I 8.27 °93 J
raO I.c4- 1 c. 1

~ I o. ()S o. 10 l~a}J I

~ 6.).8 1.8 .\ ( 2.0,) 6.79' I.E 2 2·°3I z
fK;;O

!I 0. 15 o. T 1 o.!) 51 o. I I

I H~O 'J _.
2.0.~ 2. 2 3 2.:: 5

-_._--- ·---1
I

! Ion, 3 31 09. 7 7

Sp. :;r. a I ;'-(1 c : 'v :> \~ ()~L. uricnL
I - c:

1. 3·:::,8,) I. 6:::·6 1. 627 O.C2 I 8' b =
·'l

j
J~)

.--, 3. r 11) 1. 6 I 5 L()3+ 0.:2 I 9 6-8' ~1
~

1. Glaucophane, ZermaLt (J\IatterllornL KuniLz.

') , Cha:n:) dc~ Praz, ibidem

PIcochrois1n ? blue, {J violet blue, a colourless or yello\vish green.
Besides by their characteristic colour the glaucophanes are opticall}?' charac­

terized also by the srnall extinction angle c: y (0-88
) and a relatively snlall

negative axial angle.
Kunit2 succeeded in deducing frorn the a.nalyses the right formulas for

trernolite-actinolite, glaucophane and riebcckitc. Fronl the ratios of the ior­
mulas he co.neluded that there must exist isornorpbic series bet\yecn these three
CODlpounds. On the other hand, a calculation of the different rnolcculc3 con­
tained in the intcrnlCcl1atc 111enlbers of the series g1.auco1)hane-actinolite
cmnpilcd by Kunitz (TCLb I\7) I discloses th61n tn be quite ilnpllre. Only NO.2
(glaucophane IVIt. SaUve) and ::;0. 7 (\Vinchite, Piz \ralesa), lying fairly ncar
to glaucophane resp. trenl0lite, ca.I1 strLctly speaking be referred to this
series. Of the others 1 the analyses sho\v No. 3 (glaucophane, Berkeley) to be an
intermediate 11lenlber benvcen eckcnnanni.tc and trclnolite, and 6 (\Vinchite,
Lanjarol1) a pargasitc witll SOlne adrnixture chiefly of richterite. A.l~o the other
amphiboles quoted are rnore or less admixed with foreign cornpounds. Further­
more, the sparse optical cletenninations (e:;sentially c : y) no not indicate a
continual transition.

To the glaucophane group belong also the Li-bearing holmquistite frorn eto,
Svveclen, and the gastalu.ite froln St. }larcel, whose calculated atom nUlnbers
are quoted belo\v.

'; I --------ISi-MlF~;~i~LiI~a, K H-\-F-

~ i . . I i 'I 1 '1 II .! I
-_ Holrnql..llsnte 8. 1.21 0.9712 ..-1-1 o.~8 - 1.12 0.29' D.le Z.C2 O.IS

. ! Gast;Jditc , .. ,. 8.C] S.+~, 0.81 J.c::-~ 0.3~ 1.27

TZ-4620f]6'. S, G. [7., Ser. C~ iV~'() 4-So. SundiuJ'.
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Osann gives the follo\ving data for holmquistite: C : y ~.::.:: 2-3°, 2E it = 68°56',
Y = skyblue, lJ 1liolet, a light greenish yello\\'. The properties of gastaldite have
been studied by I{osenbusch1 and I{reutz: c : y = 6° and 4-8:), 2 V(l (1\a) =

= 43°58' and (gr) 4zooz', ('-a = 0.0 I 8, though the detenninations were
not made on the l11aterial analysed.

Unfortunately the analysis of gastaldite is rather old (18'75) and incomplete.
I-Io\vevcr, both 111inerals have in cornn10n the optical properties of glaucophane
but a fairly lo'.v content of atolDS in group X, alnounting in holmquistite to
1,5 I, if Li is included, in gastaldite to 1.57. The hvo alnphiboles are accordingly
exceptions from the rule that the sun1 of the X-atoms in a hornblende IDust

not be less than 2, and they seem io be unique in this respect. It should further
be noted that the place of :\"a and l( in hohnquistite is largely taken by atoms
of Li, \vhich has a small radius si1n11ar to that of }Ig. If the h\'o hOfnb:endes
should be interpreted as transitional ll1cnlbers they 'would chelnlcall:y ll103t
likely belong to a series glaucophane-culnnlingtonitc or -gedritc, but \vith close
connection to glaucophane.

In the iron-rich an1phiboles we Inl"et the cOITlplications occasioned by the
introduction of laTge amounts of Fc20::;. This oxide is generally present in excess
over the ratio required by the fonnula and by the quantity of alkalies. Further­
more the iron-rich alkali hornblencles often contain essential ~unounts of Ti02 .

The agreement \-vith the theoretical fonnula is often therefore poorer for these
mernbers than for the 1'Ig-rich ones. A contributing factor is also a certain
replacement of Si by Al (adn1ixture of hastlngsite), which is rather con1n1011.

Two analyses \vhich are fairly consistent \vith the theoretical fonnuJa are
quoted in Table 6.

Table 6.

• Arrvedsondes

)( Xatophorites

x Eck£J'Yl7o()nites

30/
,// \

./
!

/
/1

,-
2.o.!i-~--­

/ \
/

// \\
.I .\ ltl

\\

/ \
/0,:< -----------f
// \, Ii

/ /

/ \ /
/ \ /\\

" \ /L \

I
~O 50

2. (!!a K) ~
Fig-. 2. E = ed

Sp. gr.

1 ~nkL Physiogr. d. Mi;leralicn und Gesteine, ~_th cd. p. :24-0: 1905.

."'·umb.
of atOI.:l3

Si02 ..•..••..•.....•• , .• I

~~:g: ~ ~ ::::::::::::::::: i
Ti0 2 •••.•••••••••••..•• _

:;\OlgO .........•..•.. _., >

;I~~-~ :::::::::::::::::: I
CaO , , .. , .. I

~~oo. ::::::::.::::::::., }
H 20.................. I

I
J

~urnl).

or atom::;
in the

formuh

s

4

3

1

-i s·7 h

1.~. I

10,7''';

I.e 3
0·3 G

25·52.
0·43
I.G 2

I. 53 i

2.::: 7 !

------,

7.6~J"l
0.26/

a. I2}
O. c 8

3· 35}
0.: 6 )

~: ~; l,

0.3°
2.18

7·9 :;

2

49. ;6
2·7 S
8.~4

2.12

5·l)2-

18.23

I n~ I

I ~:,~~ I
I--·_·---.~
! 100. I 6

Ncnb.
of a ton-:.s

~:~~} 7·99

0·95

~:;:l
2.32; -4-. 01

o. I I J

a.Fl'
....,,,,,, 2.79

~::; f
2. ='9

I. 3.4 21

2. 3.332

7. Arivedsonite, Kange:
') Los Aj

Behveen arfvedsc
st~yled by the resp
katophorite, anophl
gUished by high con
of Fe20 3 and low 1­
sonite. .A.s in the la1

adrnixture of hastin
tnannites, is ShO'Wll

coordinates Si, AIF



-3':, ZE(i = 68°56',
3 of gasta~dite have

80 1"" '1\-4-- , 2 v' ,: (1." a) :.=

~tem1inations were

'5) and incomplete.
ties of glaucophane
in holmquistite to

)les are accordingly
a hornblende must
t. It should further
ely taken by atoms
le hvo hornb~endes

.d chemically most
lrite J but \vith close

; occasioned b:y the
]y present in excess
)f alkalies. Further­
al amounts of Ti02•

)re poorer for these
,r is also a ccrta1Il
rather COID111on.

:etical formula are

TJ-fE (J. A SSl 1?let., TJOY OF TRZ }J:{'::RNBLEKDE3.

~ Katcphorites

x Eckermoondes

Fi~_;. 2. E = eckermamlite, Gl. = glaucophane, R =-= ricderite, Tr :-= Lremolite,

P = pargasite, Ed = edenite.

2
Numb.

of atoms

s~). gr. a .')
IS-a Opt. eh. e ~, Opt. ori~Il t./.J I

I. 3.42 I I. 69.~ I. 6S S 0.0:J3 8:> b = '/
;

2. 3· 33 ~ 1. 6S 3 1. 6S7 o.co+ 15 ~

49.3 6
2.7 8
8.24
2. I 'l.

5·1)2

I8.23
0.86
1. 8.1
7. 88
0.89
2·::::'5

[00. I ~I

7.491
a.5°(
0·95
0. 2 .1.)
I·34
2.]2 ;

~:;~}l
2.3 2

0.17

2·°9

7·99

2. i9

I. Arivcdsonitc, l{angcrcllu3.TSlllc Kunitz, P-;J. 2Ig ::LuI 2+)

2. Los Arc~lipcl,

Behveen arfT'.,Tedsonite and eckennannite there arc a number of hornblencles,
styled by the respective authors by different names} snch as arfvedsonite,

'. katophorite) anophorite, riebeckite, tararnite. Chernically they are all distin-
guished by high contents of alkalies (index of X = 2,6-2.9), moderate arnounts

:;< of Fe20 3 and low A120 3 contents, thus the same characteristics as of arfved­
'il sonite. As in the latter some Al enters in the Si group and causes a restricted
radmixture of hastingsite. A collection of such species, arfveclsonites and ecker­
'j mannites, is sho\vn in fig. 2, \vhere they have been plotted according to the
:~ coordinates Si, AIFe"', NaK, the twc latter being D1Ultiplicd by 2 to give a
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clearer picture. The localities corresponding to the points in the diagraln are
sho\vn in the follo\ving list ,,,,here also the atomic ratios of Fe"},·'In : ::\ig (calenl.
on IOO), the extinction angle and the optical orientation have been included.

j\,lg IFeN !\fnl c:a
I

x) Advec1sonite, I(angard Luarsuk, Kunin · . 2 9 8 8"
z) ;, Riebeckitc>;, Pikes Peak, Knnitz:

: !

5 95 1
3

~

3) Arfvedsonite, Sinai, Knnitz 7 9.)
,.,'-'. . . . .. /

,1 ) Lop arsky pass, Kunii..z ! 28 72 28~, · . . ~

: I5) , Kakas"!'ljujakok, .} · . . ~ . zg 72 3°c
0) , HJckmanscL1ucht, .> · . .. 33 6; z7~

7) , Los Archipel, · ~ . . . i 36 6·1 15~

8) Katophorite, Fuente Vaca, .... :)9 6r 3e
9) Taramite, l\lariupoJ, l\Iorozewicz 57 -13 2IZ-15~

TO) Anophorite, Katzcnuuckel, Freudenberg- · . 69 3 1 20-2 7
II) Katophorite, ChiLin pae-llk, Kunitz . . . . · . 71 29 56°

I
12) Eckcnnannite, Nona Karr: Bygden .. .. 86 14 25-:;:)°
13) Imeriniic, Am:,atoha!"ina, Lacroix .. . i 89 I I +5 C

opt.
orient.

b '-= /

Transition menlbe:
molecules seeln to b
alnphibole froIn Be
Tal1le IV, ~~0 3). The

marked h.

In conlparison \vit
allied filembers, the
exanlples of riebeck

1 c: ,8 or a hecause b == / and AE.--:; (010) (Kunitz, Ta"hle Ill, p. 193).
~c : ,8

1t seems appropriate to place the intern1tcl1ate rnenlbcrs frOll1 about 70 per
cent Fe" -+ ~In to about 70 per cent ~1g in one group and to use the nan1P kato­

phorite for these lTIenlbers. The nan1e advcc1sonitc should accordingly be re­
stricted to iron-rich 11lembers, optically distinguished by a srnall extinction
angle c: a. The nalTIC katophorite \vas originally propo~ed by Brc)gger for
amphiboles in tinguaite dykes in the Oslo region, \vhich 'were considered by
hin1 to be internlcdiatc Il)ernbers behvccn arfvedsonite and barkcvikite. Cn­
fortunately no analysis was given in the original paptT but the optical prop­
erties stressed by' Bragger arc found in the rDnphiboles belrl11ging to the transi­

tion series of the table above.
The diagram in fig. 2- discloses that the point~ of the \yho1e series are rather

scattered and spread out in the direction of 3nd beyond the position of glau­
cophane. However, this is Dot lnerely the conseguence of adrnixtures of glauco­
phane-riebeekite 1110lecules but is c11idly dne to tlle presence of hastingsite
11101eculcs and to the excess of Fe~O ::;.

The chelnical composition of the kat0l-lhorites is s0111e"\vhat conl]JEcated,
for instance Ti02 is present in an arnount oJ o. G'-2 per cent Un anophorite
5.37). This 111akes the OptiCflJ relations ,::;olll\v::'hat variable, but a. characteristic
featnre, besides the strong ah30rption colours and the low double refraction,
properties, which they have in COlnrnon with ar£ved~oT1ite, is a relati"\:ely large
extinction angle c: (1. A nOTlTI3.1 symnletrical position oJ the axial plane

\vith b =--= /' is a COlllH10ll feature, though not ahvays present. The variation
of the position of the axial plane is reasonable ',vhell considering the low
double refraction, on account of ~Nhich only slnall differences in the chernica1

COIllposition l11a:y be necessary to bring ab;ut a change in the rHutual size of
the chief in.dices.

Si02 ., •••••.••.•••.

ALl,03 , .
Fc20'J .
Ti0 2 ••..... , .

MgO .
FeO ····· .
MnO .
CaO ····· .
::\a 20 .
K 2() . - ...•..•......•

1100 .
I ~
IF .
I
i-o

Sp. ;r.

1. 3~ 352-
.., 3· 3 9 [

T. H.iE
'!

Opticall~/ the rieb
extinction angle of
difference is only s

The crossitcs n1

glaucophane and ri
an intern1ediate rat
the series gla.ucoph
in Table III p. 198
3L and the ratios F
A1 I is the quantit

1 \vith the cxcepti.on
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c:a

1 the diagram are
~" Ivln : IvTg (calcul.
ve been included

8"
13 c

7"
28 0

30 '"

27'J
IS'"
36"

212~-IS::

20-27~

56 0

25-53'"
45

c

);umb.
of atoms

2
);umb.

01 a tonlSI

Table 7.

~urab.

of atom~

in the
fonnula

[n comparison '"'lith arfvcclsonites and katophorites the ricbeckites and their
allied melnbers, the crossitcs, forn1 a chernically 1110re distinct series. Two
exanlples of riebeckite arc quoted in Table 7.

Transition lllembers with a considerable content of trenlol1te and actinolite
molecules seem to be UnC0!11!110l1. One instance of this k1nd is probably the
amphibole fron1 Berkeley, analysed by Blasclale (quoted by Kunitz p. 202,
Table IV, ~o 3). The position of it is shov;n in the diagrarn in fig. 2 by the point
Dlarked b.OPLI

orient. I

----.:-_-~!

i
h =;' !

!

i

I

!

1. l-Zicbecbte :',(),s2.!1r_ite::,";', Cevacaes, Portugal, Hlavatsch.

.:.. , Quincy, ell. Palache. and Ch. H. \ValTen.

s~). 1-2T • (~
-)

/-}---- Cl zV c a opt. orien t.;-)

I. 3~ 352 1. 6 93 O,C8 j great o -5~ 0 = 'J
I

Z. 3·:; 9 I 4-5"

).

'rom about 70 per
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lccordingly be re­
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barke\Tikite. Un­
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5:'°2 -' , .... , ..
A1"-°3 , .. " ..
Fe 20:J ,. - ., ••••••••••••••

TiC\ .
}IgO .
FeO, ,., .
:\.JnO , .
CaO ,., .

~~~t:•••••••••••••• :•• :I}
--- 0

2

3

2

2

19· 5 5 7. 82 ~ 8.::: T
Sf. 79 8.2'::;

o. ~)7 o. [9, 0.68 o. 13 \
I. S 2.

r6·5 .: T. 9 5 q·SI L()9~

0·3--1- O.C 4 j 1. loS O. I (I
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20.:; S 2.68 ? 2·93 21. 4-3 2.7 0 j 3 4 c 3
1.:; ~ O. [7J 1. I ) O.15}
0·9:)

~:~;}
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6·33 2.:; J 6. 16
1. 84r 2.27

o. S5 o. r 7 1. I,::; 0.22.

I. 8 5 1. 9-'
I

1. 3,::; 1. 3 2. \
1.42.

I
O.2C O.lC,{

-----_.-

99· 35 100.9 8

!
o.c9

roo. 8 (j

\7hat complicated,
~nt (in anophorite
lIt a characteristic
double refraction,
a relatively large

f the axial plane

=-nt. The -variation
l11sidering the low

~s in the chemical
,he illutual size of

Optically the ricbeckites arc difficult to distinguish from arfvedsonites. The
extinction angle oJ the forrl1er is SOIllt\vhat sTnallcr than of the latter but the
difference is only SOlne fc\v degrees.

The crossites Inay he charactcri7:cd as intennediatc rnenlbcr.s bet\veen
, glaucophane and riebeckite with an intcrrnediate to high ratio Fe'!': Al and

an intermediate ratio Fe" : l\Ig. In order to give a SUJTlIDary of the relations in
the series glaucoFhanc::-cro~:;ite-liebeck1te all the ana].yses con1pi1ed b:-y Kunitz
in Table III p. Ig81 have bcen reproduced in the NaK-AIFc"'-Si-cliagrau1 (fig.
3), and the ratios Fell: 11g and Fe'" : Al I (calc. on IOO) are quoted in Table 8.

-Al I is the quantity of ld entering in the atOln-group Y. The table has been

1



r6 N. SU~DI-cS.
TH

l

80

] udging from
glaucophanes thE
relations behveen
be designated as

Fe" + l\.fn : 31g e:
but it can reach

40 ----

Ft

100,

made to include t1
orientation. ,

In the triangle 11

of the standard fc
corner of ,AI Fe'" > ;:

occurs in the series
richer in Al I have
relations as regards
rical position is pn
0.0 I 8-0.:::2 [ in glc
The axial angle is
stated to be fairly!
other hand, there ;;
of the series plott,

I

I
f
J

l'

I,

h =)'

Opt.
oriccnt.

\.

0--:"

c:a
0_~''''::::
~ J

6---R~

8"
5-6"

,f"

,'r

3° I

C : I) I
J.J. 13<01;

~
\
\.

\
\

\

98.9

'F·4

6. I

8.6
10.6

12. r I

15. 7 ;',' ~ ~I,):-> •

38 . S\

~p. 9 <;---5' LJ __ C J:1 and ;-'
roo ()"

100

Table 8.

i

I
[)! Fe II c.' l\lg

i

01 .-\1 I 01 1-i".III C • '1-'
/0 /0 /0 /0 ~, . ;

Glaucoph ane---eross ite-Ricbeckit c.

x 6/aucophanes

)( Cr05sites

I) G-l. Matter~lOrn g .I 8r.') 93· 9,1,-,. 1.J I
2) Cvklad,:,s

I

:')

5L~1 49·r:: 91. 4-1
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1
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7) Cr. Berkeley .1 8 .'::; 52. e'l 6r.2-
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- rnade to include the dcternlinations of the extinction angle and of the optical
orientation,

In the triangle in fig. 3 all the analyses arc concentrated around the point
of the standard formula, though they are somewhat displaced to\vards the
corner of Al Fe"', a result of the surplus of Fe"'. Table 8 5ho\vs that a difference
occurs in the series at about 40--.60 per cent .:\1 I (behvee117 and S). All rnenlbers
richer in Al I ha-ve b = /3, "\vhereas the illembers richer in Fe'" sho"\v varying
relations as regards the orientation of the axial plane, though a nonnal syrnmet­
rical position is predominant. At the sanll"; tinlc the birefraction changes from
0.0 I 8-0.02 I in glaucophane to lo\ver values in the crossites and riebeckites.
The axial angle is comparati,-ely slnall in the glancophanes (42-45°) but is
stated to be fairly great to \-ery great in the crossites and riebeekites. On the
other hand, there are no signs of a break in the series. Fig. 4 5ho\'7s the points
of the series plotted according to the ratio Al I : Fe"'.

--I
Opt.

b --= ",.

orient.

c:a
2

c :; I
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8° I b,=/]!

S--6~ I' I,
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i
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.)

c: /J I

b. r' 301 I

_--L_
I
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: 4--5" b --= ,3 ar:.d
0°

0-5" i b == Y

lOT X'),,-- r--- ------------­

x.Lt-

I )< 5
I

8[;'-----

-------1-- ---,
I

----l
i
I

Judging from these relations it "\vould seern convenient to distinguish as
glaucophanes the members vv'ith an Al I : Fe'li Tatio greater than I : 1. The
relations bchveen crossitcs and riebeckites are ruore diffuse. The latter 111a:y
be designated as the lllost iron-rich Dlembers of the series in which the ratio
Fe" + :Mn : J\lg exceeds 80 : 20. At the same tilne the ratio Al I : Fe'lf is lo\v.

-but it can reach sinlilar values in both riebeckitcs and crossites.
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The Iitne.bearing hornblendes.

The hme-beaTing hornblendes represent the bulk of the amphiboles, It is
therefore reasonable that most of the analyses published should belong here
and that several surveys of the relations v;lithin the series have been Inade.
Of the works published during the last fe\;v~ years that of I-Iallimond has especially
contributed to giving a sunrey of the cheIllical relations.

The substitutions characteristic of the the series are: XaAI for Si and AlAI
for l\IgSi. In the bille-bearing series, therefore, the silica content is ahvays less
than 8. The type fonnulas arising fronl the t"vo kinds of substitution are NaCa2

l\Tg5AlSi i(\~2(OHh = edenite. :0JaCa~:\TgJAI3Sil/)22(O H)~ = pargasitc, and Ca2

~Vrg sAl1Si60 22 (OH\! = tschermakite, and their iron analogi('~.

In order to give a survey of the chernical relations in the series HaJJil110ncl
used a graphical n1ethod of reproduction of the calculated analyses, based
upon the t\vo chief quantities introduced by the substitutions, nalnely the
anlount of Al in the silica tetrahedrons (8. oc less the calculated nUD1ber of Si)
and the quantity of alkali atoHlS in the vacant spaces (Ca + Na - Kless
2. oel ). In a triangular diagral11 this leads to a third cOlnponent \vith the fornlula
Na2Ca2l\'lg5A12Si()Ozz(OI-{)2 (cf. fig. 5), in \vhich should occur the double substitu-

Fig. 5.

hon of the kind occurring in edenite. This cOrnpCllC'11t is not consistent v/lth
the an1ph:ibole {orrnula and the possibk hornblende 111ixtures are therefore
restricted to the area between tbe fouT upper points of the triangle aLccl to its
,vicinit~7.

As the characteristic substitutions occurring in the series are NcL\l for 5i
and AlAI for l\lgSi .. a graphical rcproduc Uon can also be ad11evecl by usi"Z-g as
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consistent \vith
are therefore

and to its

coordinates the amount of Al that replaces Si (the saIne as the one coordinate
of Hallinlond) and the mnouni of A1 i- Felli that enters in the atollI-group Y.
Fe/

/! shuuld also be included in the latter figure, bf'causc it compensates AI.
A djagranl of this kind was recently employed by St. Foslie in his interesting
paper on C0l111Ilon hornblendcs and hastingsites J although he did Dot include
Fe'li. In the present paper the anlonnt of Al that replaces Si is designated as
Al II (8.00 less the calculated nUlllber of Si-atoms) and the amount of Al
present in the atonl-group Y as .\1 1. A number of calculated analyses have

. been plotted according to these principles in the hvo-axial diagrmn in fig. (-). ~fhe
.~ lac: of the standard types have been indicated in the usual way by open circles

and by the inibal1ctters of their ~Ig-representativcs.As the alkaline hornblendes
all have a full Si-contcnt (AlII ~--= 0), they are all situated on the bottom_ line
of the diagranl. Richterite has the saDIe position as tremolite, For the diagrarn

.. all the analyses in I-Iallilnond's list have been used, ISS in nurnbcr (hydrous
~. a.mphiboles not included)) 22 analyses from the hst of optically cletennined
1~ornblende.s by \Vi~chcll (1945)',10 analyses [rorn FosEe's p3.per,l and 4 ana­
~1 lyses, not Included In these \VOrKS, quoted below-.
;¢,
: ..~ -- ---- - -

1 Ni.ne of these analyses aTe calcnlated from .=-o2k 2nalyses_
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4· .. 7. S7 0.e,8 0·=7 0.67i 0.07 4··,P 1. 72 I 2·3:::;'

I

L Tibergite, Langban, ~. H. ~lagnusson. The follo\ving dcternlinations '\-vere
rnade by the present \\Titer on the material used for the analysis: a = 1. 662,

Y = L 674-, c : y = 30°, zVu = 78::'.
2. Iso1. if, granite) TV)nnc, Bornholnl, K. Callisen. Sp. v. = 3.33 3, 0. = L 67'.5,

Y -~ I "'02 '7 \l = ca 4' ")C> c' v = I)_c,- '.: ,.-..- iX ~, .. I ....

3) »Hexagonito>, Edwards, N. Y. Cf. p. 7 in this paper.
4. Actinolite, C), Silvergruvan, S\veden. G.F.F., 46: 157, 1924.

It should be observed that all the analY'ses collected have in cormnOl1 a cal­
culated Ca-,quantity > 1. 5 and slnall to 1110derate 3nlounts of alkalies! seldorn
exceeding N alC = I.

A.n inconvenience in the reproduction is caused by the contents of FeZ0 1

in the analyses. A study of the figures calculated discloses that also here the
alnounts of Fe'l! are often greater than \-vhat is denJanded by the balance of the
valences. This lack of agreernent rnay be clue partly to analytical errors, in
that the chance of getting too llluch Fe20::; in the analytical \vork is greater than
that of getting too little, .Another source of trivalent iron may be the reduction
of OR by Fe", occurring at or after the formation of the 111inerals. A fair calcula­
tion of the extent to \vhich the latter reaction Inay have advanced in the in­
dividual specilnens \yould be possible if reliable deteTminations of H 20 and
F \vere available, but in rnost cases this is not tbe case. On the other hand the
hvo possible source·s of the excess of FezO:i do not fully explain the surplus
found in S0111e cases, and in reality an exact balance of the O-valences does not
seem to be quite necessary. The surplus of Fe ' !! Inay be of some irnportance
in the iron-rich nlixhues and cause some displacement of the points tovvards
the right, but this \vil1 not disturb the general aspect of the diagralil.

As shown in fig. 6 the Inajority of the hornblendes fall in a zone bet\veen
tren10lite and pargasite-tschern1akite..Above the line pargasite-tschennakite
there arc scattered points up to ~\l II = 2.27, sho\ving that substitution of 5i
above the adopted boundary value Si = 6.88 is possible though unCOlnmon.
In the diagram there are points situated in the ilnn1ediate vicinity of pargasitc
and also in the neighbourhood of tschernlakite. On the other hand, no points
are founp. along the line trenlolite-edenitc above Al .U = 0.6 and none in the
vicinity of edenitc. Hornblendes of purer edenitic composition ma:y thus be
rare in nature. The distribution of the points sho\vs 110 gap, though an evident
concentration of the points is displayed in the neighbourhood of trenlolite and
in the upper part o( the diagralTI around and beneath pargasite. It should also
be observed that there is no special aggregation of the analyses aroUIl d the
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Ca . .. r.6s
~;l .. 0.6;
K i O.4 C

OH 1 2,1;

F 1

r. Bro\>vn hornblende ire

2. Iron Hill, E. S. Lars

3· Almunge, P. Quensel

4. Hornblende, isol. fro
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0.26 L4° 0.11:
0.02 1. 97 o. [I

2·3 C'

terminations "",vere

llysis: (1 = 1. 662,

points of the standard t~ypes. This is due to the fact that the luernbers selected
as standard types arc not true end-members but only represent a fair upper
boundary fOT the substitution of Si by Al and of :vIgFei! by Al and Fe!!! occur­
ring in nature. Hence all hornblencles sho\vn in the diagrarn o£ the fig. 61uay
be regarded as mixed compounds \vith the exception of the purer tremolites

• aD cl actinolites.
The distribution of the points is sirnilar to that sho\vn in the ea.rlier diagrarns

of Foslie and Hallirlloncl. The separation of the analyses into t\VO groups, onc
ill the neighbourhood of trer:_lOlitc, the other conlprising the sesquioxide-richcl
mixtures, is evident in both and is also more pronounced in Hallimond's triangle.

Belo\v are quoted SaIne exarnplcs of species that shovv a fair agreement \vith
the type formulas.

Table 9.·:~

1. Bro\vn hornblende from. U,lUmbura, "Crundi. R. Van de Putte.

:2. Iron lEn, E. S. Larsen

~. 3- Almunge, P. Quensel

,,:; '4. Hornblende, isol. from ampl:ibolite, Titianul, Hungary, VendI.

~.

6·::::'9 f 6~.l

Al I. 9 I
2.c:6\ ) 2

Fe/If o. I 5
0.9 2 f LOy I

'Ii .. 0.10

1Fe" 3.4 2
3, 9S

~'lg o. 33 f
4

}In 0. 1 3
Ca I.69 2

)Jet 0.65 \
K 1. 0:; r

0.4- 0 J
OH 2. 1 7 l
F J

2

- .. 1 1·99
0.83

2

I

2

6

:2

4

:2

6
2

I

Formub

1.22

4·· 2 S

0·99

Parg'Clsi tc I

~)[:n-;;;~-I
I I

I
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S.9
S

{ 2.:'.l
2.5 1

0·+9
L

0·53 1
O.~:J l0·72-

3·30
J0·°3

2·:J3

0.64 l
0·35 J
0.60 }0·35

4

6.°3{ r. 97
3. 2 5

I. 28 lo. :~;C J 2.08

o. 12

lI. 3c
3. 2 9

I. S3
0.04- I
LI) I

c -, 1. ) -
0·7 1

0. 1 9 r
0·99

5

7
I

2
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f 0.3 1
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The DOlnellclatuTc of the lirne-be~~ring hornblende's IS at present s()ll1e\vhat
confused. Of the 111any special and local nalnes given to different arid in some
cases sllnilar species, the following have acquired a broadcr rl1eaning: COffilTIOn
boniblende, hastingsite, pargasite, edenite, barkevikite and basaltic (or oxy-)
hornblencles. Of these the t\vo last-mentioned are generally distinbJUishcd by
sin1ilar optical and cheinical properties and rnay be included in one and the sarne
sub-group, which may bc called basaltic or oxy-hornblendes. The definition of
the tenn edenite \vas given above. In its present n1eaning it was first used by
Bennan (H)37). Because of its frequent CO:ltcnt of J\lFe' l/ substituting _\IgFc",
edenite I11ay practically be included in the sub-group of the ('on1n10n hornblende,.
O( the other nan1CS, hastingsite originally had a distinct lncaning, narnely

that at a hOD1bJcnde rich in iron and ahuniniurD ,vith moderatc arnonnts of
alkalies, and it \vas optically distinguishable by inter tlZ£a a very Slllall axial
angle. Latcr experience has proved that properties of this vcr:y kind are charac­
teristic of hornblendes of the chenlical c01nposition corresponding to the hastings­
ite formula. Billings later proposed the use of the Ilall1C also for 1Ig-rich mem­
bers and dividcd the relevant series into subgroups nall1ed 111agnesio-hasting3­
ites, felnag-hastingsites and fcrro-hastingsites, though he does not seen1 to
have realized the sirnilarity of the 11g-rich lnenlbers to pargasite. Bennan, on
the other hand, extended the tenn hastingsite to con1prise all melnbers \vith
Si : Al= 6 : 2, independent of their ratio of l\Ig and Fe/!. Foslie recently accepted
Billings's nomenclature.

The term pargasitc, dating from ISIS (Steinheil), ,vas at first rather diffuse
but through the \vorks of Laitakari and von Eckermaull it gained a lTIOrC

distinct Ineaning, an ..:\lz0s-rich hornblcncle ,vith a high jig-content, the quan­
titv of alkaJies at the saDIe tln1c being moderate. A_ considerable content of
F ~eelns to bc corDInon but is by no 1ncans constitutional. The formulas of the
analyses publishcd frorn Pargas and ~lansj(-Sn correspond fairly \vell to :\aCaz

:vlgLsA12Si e,5()z2(OH, F)2' but in analyses published frenn other localities there
arc instances of sesquioxide-richer n11xtures Ydth an jIg-content corresponding
to the atorn number of Fe" in hastingsite. For this reason it secrllS appropriate
to retain both the nanles paTgasite and hastingsite as expressions for the l\Jg­
and Fe"-extrelnc melnbcrs of the hornblende series \vith a content of Al JI

F II

approaching 2. The nU111CYOUS lnelnbers \\'ith intennediate ratios 1Jg: e
Inay according to Billing::;'s prop(lsal be 11eaned fenlag-hastingsites. The lov,'er
boundary of the Al II content against the cornrnon hornblcndes lnay be placed
at about Al II =-:: 1.4-1.). The boundary against the tschernlakites is quite
diffuse. It \vonld ::,eem convenient to restrict the ternl tschernlakjtc to cornprise

Dlembcrs in the neighbourhood of the fornlllla proper and outside and on the
conjllntion line tschernlakite-trenlolitc.

'I'he optical relations in the lilue-bearing hornbIendes.

Rather much has been "vritten on thls s\Jbjcct. \\'. E. Ford (1914) y\'as the
first to show that a cunnection existed betyvecn the refraction pO\.Fer anrl the

ratio of :Mg and total

value. The lattcr \va~
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ratio of lUg and total iron. Other properties \vere found to be of less diagnostic
value, 'The latter \vas verified also by N. I-I. Kolderup and. I-{. Van de Futte.
Billings couJd shc)\v a corl-ncctlon behveeYt ferrous Iron, on the one hand, and
refraction} specific gravity and optic axes, on the other, in the series nanled
by him ferro-11astingsite, femag-hastingsite and lllagnesio-hastingsitc. K unitz
\vas the first to realize that the refraction is not clne entirely to the ratio of
iron and magnesia but is influenced by the anlount of -e-\l/)s replacing SiO;<.
In consequence of this he clistinguished t\VO ~eries of hornblendcs, the green
ones and the basaltic hornblendes. in the latter the Inolecule H 2Ca2 (lvIgFe ff )J
A12SiG0 22 , nanled by hirn syntagrnatite, \yas predominant. Both series \vere
found to lie above that of trerl1olite-a.ctinolitc \vith respect of the refraction.
Cinlilar results \-vere eained bv Van de Putte, and reeentlv Foslie has sho\vn
~' l.", J ~!

that an1phiboles with a lo\ver qua.ntity of Al 11 have a lower Hlean refraction
than those \vith hastingsitic ratio .

A. 1'J. \Vinchel1 has tried in se'vcral '"'larks to establish the components i...n the
amphibole group and to deternline the optical relations of thern, In his latest
paper (I945) he has a very useful list of no less than I04 calculated analytses of
opbcally dctenllined hornblendes, containing rnost of the chemically alld
optically studied mCHlbers belonging to the series, with the exception of ba­
saltic hornblendes. On the basis of Hallirnond's tria.ngle and a fourth vertical
axis - the relation l\Ig + Al I : Fe" -- Fe'!1 - :JIn -: Ti - a graphical repro-

.~ duction \vas made sho\ving the connection betvveen physicai properties and
.. chernical variation. Tbe quantity chosen for the fourth axis of the prisln is cLn
~ approxinlation to the ratio used by Ford and later authors, but the inclusioll
. of Ai I is a not llnirnportan t difference. If) as \vould appear probable, the influ­
, encc of a substitution of Al for T\fg is of no great ilnportance at least not for
~ certain optical propertie~) the ratio c110SEJ1 by \Vinchell for the (ourth co-

ordinate is less 8.ppropriate than the older one. FrcnIl the space illOdc1 thus
~: erected and the sites of the 2.nalyses in it \Yinchc.ll. arrived at the follo\ving
~ figures tor the mixhlres, st~yled by hirn as encl-nlcrnbers.
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. According to \\"incheU the figures can OIlly be regarded as approxilnate
; because of the con1plex character of the individual hornblendes. As regards the
;1 table it may also be observed that several of the figures do not agree very \vell
.: with the dctcnninations IIlade b\~ c1iffereTl t authors directlV on specimens.4 ~ ~

"; whose composition closely rcn13emble~ those ot the >7end-n12Inbers'>. It should
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also be mentioned that the rather great difference behveen tschennakite ani
ferro-tschermakite, on the one hand, and pargasite-hastingsite, on the other,
found by \Vinchell is not consistent \vith that found recently by Foslie and
by the present vvriter.

~;\part frOlTI these reservations ,Vinchell's table also pr01l1pts the conclusion
that the properties of the calciferous amphiboles are not ll1erely a function of
the ratio Fe : :YIg or Fe + ~Il1 - Ti : ~\IgJ but that the introduction of sesqui­
oxides exercises notable 1110difications.

In order to study the question last nlentioned \ve can use a two-axial diagram
of the same type as in fig. (1 and divide the points in it into different groups
vdth different contents of Ai II, then erecting separate diagrams for the separate
groups and choosing as axes certain properties and the ratio of selected e] en1ents.
Accordingly all optically" detennincd lin1c-bearing an1phiboles kno\vn to the
writer, \'lith the exception of the basaltic ones, have been cOlupiled in the
diagralTI in fig. 7. It contains 127 llUIIlbers, nan1cly 103 numbers from \Vinchell's
list, the .four analyses quoted on p. 20, the follo\ving nUlllbers frOlIl Halliluond's
list: 123, 128, 143, 165, 184, and furthermore all analyses published by Foslie
and an anal:ysis fron1 a paper by O. Kulling. For the study of the optical
properties the points have been di-vided into three groups ~vith boundaries
at Al II :--:: 0.6 and 1.4. The three groups correspond fairly ,veIl to what has
been distinguished above as Strahlstcins (group J:: J comrnon hornblcndes
(group 1I), and pargasites-hastingsites (group I II). In order to test the influence
of greater amounts of sesquioxides in the atoIll group Y (All -f- Felli) only
the analyses to the left of the broken line indicated in fig. ? have been used
for the construction of the cnrves. These analyses have been n1arked with
points, \vhercas the scsquioxide-richer ones to the right of the line are 111arked
\vith crosses. A silui]ar distinction to the left of the connecting line pargasite­
tremolite is hardly necessary, as the content of _A.l I -~ Felli is only small in
the ll1embers belonging to the trelnolite-actillolite series. The properties of the
pure edcnite ~herefore relnain unaccessible. The properties tested in this \vay
are the refraction of i' and the axial angle. The horizontal axis of the diagrams
is the ratio Fe JJ + Fe,n + l\'1n ~ Ti : ~lg, the elcrnents knovd1 11103t greatly
to influence the properties ll1entioncd.

As regards the refraction of )J (fig. 8) it is obvious that the introductjon of
Al into the Si-O-chains causes an increase in the index. The points arc sonle\vhat
scattered along the curves, but the scattering is not very great, especially
\vhen considering the unheterogeneity of the Inaterial used. SOlne slTIall uncer­
tainty cannot be avoicledvvhen dra\ving the curves, but the material available
leaves no doubt about the relatively higher position in the diagran1 of the
curves \vhen passing from I to II and Ill. 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 atorn-group Y as com­
pensation for ~Ig does not to seem exercise any note\vorthy influence on the
refraction.

1t remains to investigate to \vhat extent the positions of the curves ill the
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'. diagran1 can be influenced by the varying content of Fe'" and 1'i. Both are
'. regarded as strong agents in raising the refraction po\ver. As regards the first
due regard is paid to its greater refracting po\ver as cOlllpared \-vith Fe" \vhen
using the calulated atoIll nurnbcTs for the construction of the diagrarn, [or the

: atOlTIS in Fe20 3 are calculated twice. In the analyses reproduced 'Ii is generally
present in subordinate amounts, only in a few cases 8urpa~sing 0.3 (about
2,5 per cent Ti02). On the other hanc.L it is a fact that on the \vho1e Fe!!1 and

~:. Ii increase \-vhen passing from the StTahlsteins to groups II and Ill. A calcula-
,c; Han of the rnean figures for Ti alone in the different groups gives 0.02 in group

I, 0.08 in group II, and 0.14 in Ill. 1£ Felli alone is considered, the upper limit
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Fell

Fig. 9.
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',lor the poin ts \vo111d be al)proximately the broken hnes ShO\\'11 in the special
.iagranl in fig. 9.
~ It is not likelv that the differences in 1) found at the ::}I~:-extrerne side of the
'.j , L

!:~agram should be due to different aIllOunts of Fe'l/ and Ti, for the amounts
'!of these susbstances are very slDaU here. The differences appearing here 111ay
;therefore be the result of the exchange of Si for AI. The indices at the :\Ig-side
of the diagrarD are: trernolite 1. hZ 5, ::Ug-extTeIl1e COITnllon hornblende I. 629,

;pargasite 1. 634.

'~ If Fe"I and Ti should have an influence on the position of the curves it would
therefore be restricted to the iron-richer parts of them and becornc apparent
~n a generally higher position of the analyses \vith larger anlonnts of these hvo
,~~iemcnts. On the other hand, the relations sho\vn in fig. 9 do not tall~l \vith this,
? is demonstrated by the irregular distribution of points and crosses) the former
~:leferring to analyses situated abo-ve the i-curves in fig. S and the latter to those
,~m or beneath the curves. This fact may be interpreted to indicate that Fe'li
-;
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is fairly '\vell compensated \vhen calculated hvice, and no perceptible influence
of the probably Inore strongly active Ti beCOlnes apparent on account of the
restricted alllounts of this metal. It '\vould therefore sccnl reasonable to conclude
that the relatively higher position of curves II and III is also in the iron­
richer parts of the diagran1 chiefly due to the higher amounts of Al II in groups
II and III. The values of )J read at the right side of the diagralTI are actinolite
I.69, ferro-extreme COlllmon hornblende I. 7 2 ::::! hastingsite I. 7 2 j. Ho,\vever

j

the second of these is rather approxilnate.
A note\vorthv feature in the diaiZran1 is the different course of cur\'"e I as

~ c

cOITlpared 'with the others. \Vher<."as II and III run about parallel, I has a
distinctly flatter course. The same thing reappears in Foslic's diagranl. This
fact v\Till be discussed further on.

The relations of the ax£al angle have been studied less than those of the re­
fraction. i\ diagran1 by ,Vinchell frorn 1931 may be mentioned and also his recent
figures for the \>en(1-n1embers~)of the series quoted above. Other contributions

arc Billings's paper 011 the hastingsitic group of alnphiboles and a diagram
published by S. Gavelin. In the present paper the san1e horizontal coordinate
(Fe" + Felli I Ti) is used as in the case of the refraction, as the axial angle is a
function of the chief indices. The attendant diagram is shown in fig. IO. As in
the case of the refraction, the analyses \vith high contents 0'£ All i Fell! are
n1arked \vith crosses J those with lo\ver alllounts of those substances \vith points.
Both kinds are irregularly distributed here, tooJ so the presence of varying
arnonnts of tschennakite does not seeln to influence the size of the axial
angle very greatly.

The points of the analyses are 1110rc scattered than in the case of the refrac­
tion and the uncertainty \vhen dr<Hving the lines is greater. The distribution

of tbe points could also invite to the construction of an S-shaped curve. at
the groups II and I.l1. Ho\vever for the follo\ving discussion the right choice
alTIOng the tvvo possibilities is not of conclusi\-e in1portance. In any case! the
diagralTI leavcs no doubt but that a sudden c11angc in 2 V occurs in the interval
between trcrYlolite-actinolite and cornnlon hornb~el1de:;;. The diagram shov~·s

that the axial angle is sin1ilar in groups 11 and III, vilhid1 is rfasonablc in view
of the similar course of the :J-bnes found abovc. In the series pargasitc-hastings­

ite there is a rnarked decrease in 2 "-r--, extending froD1 about 1250 in pargasite
to about roo in hastingsitc, ar_d as far as analyses are available the relations
are similar in the COInnlon hornblendes. In strong contrast hereto 2 \7 is little
altered in the trernolite-actinolite series, only changing hOln about 83 c

> in trenl0­
lite to about 74° in actinolite. It is true there is but one point on the actinolite
side but the relations in the }[g-richer part of the cliagraTl1 are in palpable
accordance ''lith the position of the actinolite poir~t.

-This is a remarkable fact, \vhich corresponds to the difference in the­
courses of the y curves I and II --TII. found in fig. 8.

The influence of Al II on the properties of the hornblendes \yill be seen nl0re

distinctly if \Vc confine 01..1rseivcs to the .r.:rg-extrelne n~ernbrrs ,vith 90-----100

parts of ~Jg and constrnct cliagran1s \vith AlII as the one axis and the res;>eetive
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',optical property as the other. Siluilar diagrams could be erected for other
"vertical sections of the cbagrarns in figs. Rand IO, but the axial angle is Inore
~ alike in all curves for the intcrnlediate T111xtures, and in the irotl-extrelnc sec­
j han, vvhere the difference in 2\7 grovvs greater again and the difference in
1refraction is greatest, the nunlher of detcrnllnations is sInall. The section along
~ the l\lg-side of diagralDs 8 and 9 is sho\vn in fig. I I. It will be noticed that
{there is a break in the series sornewhere beb'.reen about 0.6 and 1. 2 Al II.
i The discontinuity is most marked for 2"r but is evident also for ?

• I
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Tbe reJatiulls of the axial angle 2jd us in distinguishing the ::\:Ig- and 1"e"­
richer rnixtures of comrnon hornblendcs, pargasite and tschennakite frOln trem­
olite and actinolite, but the numerous intennediate mixtures cannot be dis­
tinguished b:y this Inea11S. In fact for these melnbers the oDly difference ~eelns

to be the generally deeper absorption colours of the forn1er.
It \voulcl thus seem justifiable to conclude that the rnen10ers of the trclnolite­

actinolite series optically behave as a separate group as c0111pared with tlJe
sesquioxide-richer hornblendes. The boundary between the two grnups lies
some\vhere between Al II = 0.6 and AlII =~ 1. ~ \vherc the general diagran1s
also have a zone \vith fe\\! or no points.

!
j

Ikite are n1arked wit]

I
,~n10nd.a_nd \Vinchel]

InCreasIng content 0:

according to the rd
The curve sho'\vn is t

Basaltic hornblendes.

Basaltic hornblcndes are generally understood to be species (listinguished
b:y deep bro\vnish colours, relatively slnall extinction angles of c : y and high
refracting and birefracting po'\ver. Chelnically they should be characterized by
high contents of Al Fe20 3 , generally also of Ti02 , and a relatively 10\v percentage
of H 20. The barkevikites 111ay con\~(~niently be included in the san1e group,
The lllelllbers of the group have also been narned oxyhornblencles becaus'~ of
their high content of Fe203 being ascribed to a reduction of OH and a contempO­
raneous oxidation of F e".1 IIowever, the tern1 oxyhornblcndes has a v.'ider
extension than that of basaltic hornblende~) as every mnphibole containing
Fe" can sho'\v a corresponding reduction of OH. The latter tenn has t11ere­
fore been preferred here.

In Table TO are collected a nU111ber 0-( hornblendes, statr~d in the literature
to be basaltic or barkevikitic, sho\ving their content of 1'1) the atomic number::
of Fe" and Fe''', 01-1, and the extinction angle. The nlembers called barkevi-

J .:.\.3 rc~anls tl:e Ji tcr~durc on OXyhOrTl bJt:ndcs see ~:)C ~Japl'r:,; of Hallimonc1 and \Y~ncbelJ
( 19-15).

I) H 133 Slu
2) H IZ(j St;=t
~) H 175 St.
__~) H 167 Si­
.5) H 134 Grc
0) H I5S Tej
7) H 179 Ba}
8) H r63 IslE
9) H 138 KH:

10) H 17I };fa
II) H 18: FUE

12) \V 103 Loc

t A c0111parison bet
j lIT, demons trates tl
t hvo first (133 and]

is 1!enerallv the caSEc.: _-

are not basaltic bu
are 111e111bers of tbe

i to lie 011 the boundaiTi would seem to j 1

j
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Fi;. 1:2.

kite are rnarked ,vith B. The figures before the nalnes refer to the li.sts of ITal­

limond and \\:inchcJl (,\\'). The sequence in the table has been detennined by the
increasing content of Ti. Tn fig. 12 the points of the analyses have been plotted

-according to the refraction of }' and the ratio Fe" - FellI - ::\fl!. - 'Ii: J·lg.
The CllIVe sho\vn lS that of the nornlal pargasites and hastingsitcs (U [ jn fig. 8).

Table 10.

Ti lic l
/' Fe/! H c /

r ~ H r"''' SkudC'~L.ndsl-\:jaern 0·°3 0.S8 .... .:.. ~ I. -;:.-: 1b~
.).)

2) H 126 S tav;J,crnsjo J3 ':J.GS 0·77 2.:: 4- 1.+9 rt;'

3) H 175 St. Vin<:cnt B : 0.1+ I .. 37 2. 1 7 I. 28 zou

4) H 167 St. Vincent 0.20 0·')7 o.So 0.6:; n. d.
5) H Grose; pr~es;:,eIl

i
0.86 3°134

I

~·~9 0·47 0·59
G) H r-- Tcjedata1 c·30 I. 37 I.e 3 0·4-7 0JJ
7) H 179 Bala tr)~l C.~ I 0.60 0·73 2.05 8c

8) H rGj Is ~ d;:-~-1<r del' ::::'.1 6 0.84 o.So 0.7 2 n. U.
9) H 1:;8 KiErnandj ;),1'0 o.p 0.j2 0·73 0.20 II ---r2~

ro; H 17.1 l\Iadeira .. c.+S 0.7 6 0-74- 0.67 6c

II) H J. 87 Fuente \'en:'"ua B ::::'._~ 5 1. I ~ 1. ~ ) LoG lOc

12) \V I03 Lo:~kkow 0.: 7 ().'78 o·~9 °-43 I ~ c
J

A comparison behveen the figures for Fell! and the relations in fig. 9, curve
~ III, dcnlonstrates that all the hornblcndcs in the list \vith the exception of the
~hvo first (133 and 126) reaHy'" contain relati'Fely higher anlounts of Fe"I than
1is geneTally the case in the pargasite-hastingsitc series. These hvo hornblendcs
~::~are not basaltic but ordinarv nlcillbers of the series Inentioncd. 'The others
~are members of the basaltic g~01~PJ though :\os. 179 and 138 ma~y be considered
,%to lie on the boundary. A study of tte diagram in fig. 12 and of the fif.,rures for
';Ti \-'loulel sccrn to justify the conclusion tl1at the nlost active agent in the in-
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The nliscibilitylrelatiolls:in the aUlphibole group.

The data available arc not sufficient to settle all questions pertaining to the
solid solution relations in the ver:y differentiatcd aU1phibole group, but SOlne

conclusions can be dra\vn.

crease in the refraction is the content of Ti, though greater amounts of Fe'Jl

Inay possibly have some contributing effect..A sim~lar conclusion has earlier
been dra'wn by I{uni-tz. The fe,v determinations of 2 'V/x available (138, 179,
103) agree \vith the normal relations.
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Table 11.

I
I

103"301 : 0.5+G : I: 0.293
107~34-1 i 0·554 : I : 0. 2 9 6

I06°02' 10.55' :1:0.295 1

106°02/ '10.5:; I I : 1 : 0.293 8
105°451 ,0.5?1: I: 0.292
I 0 5 c4 5 f o. 54- 2 : I : o. 2 97
IOSc4S/ O.5'P: I : 0.29 2

105°45/ 0.5+2: I : 0.291

r04-°14-/? 0·5+99: r : o . zS q
1°4-°15,51 0.539 : I: 0. 2 9 1

104°10/ ,O·S43: 1 : O ·30:J

Cumming-tonite .
Grlinerite .

Trcmoliic . _ .
I<arinthine (Actin.) .
C01ll1110n hornblo:::ndc .
Kaersutite .
Basalt. hornblende .
Barkevikitc .
Rich teri te .
Arfvedsonite .
Glaucophane .

Riebcckitc .
Osannite (Riebcckite) .

Anthopbvllite .
___________- . - I

In Table II aTe collected the values of the constants of the unit cclls and
of jJ, as cornpiled by H. Struntz, and the 111easllrec1 cleavage angles. As ,vill
be seen [roll1 the table the ratios and dilncnsions of the axes of the unit
cells display but small ancl iTregular variations and do not pern1it of any
distinction betwt-en the separate groups except in the case of anthophyllite.
As regards the cleavage angle a distinction can be 111ade betvv'een the Erne-poor
rnonoc1inic species and all other monoclinic c.u11phiboles, but the difference is
not great. The most instructi'vc relations arc found in the figures for (3. A study
of the species in groups clisclo;:es that the value of 11 in the :rl1onoclinic Ca-poor
group is I09c34/, in the trc1l1olite actinolite series Io6c'02'J in the group of
con1IllOll hornblende-pargasite-hastingsitc 105045', and in the alkaline horn­
blende group I03°30/-I04c rs '. The on]? ~XCCI)tiOl1 found i3 osannite "\,;jth

fJ = 10'7°34', 'i,vbich ditfers frorn all otheT arnphibo1cs. FroIn these relations nO
conclusion can be drawn as to the degree of llllscibility bct\veen the variouS
subgloups, but the relations found indicate tbat if a restricted :T_niscibility
does exjst in the JH"JTnblende group, it lTEtY be fOl~nd bet\vec~ the fOln sl1b-
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sary to thro\v further light upon the InattcL

A..s regards the Ca-poor anlphiboles it has long been kno\vn that 2. ratber
marked area of immiscibility separates the1n frorn trcITlolitc--actinolite.1 In
nO case does the calculated figure for the X-group (NaCaK) in the lin1e-alkali­
group SCC111 to be less than 2, and \vith the exception of hollllquistite and
gastaldltc (p. 12) the san1e is true of the alkaline hornblencles. If t.he hvo horn­
blendes mentioned be understood to represent the lcn,vest possible llulnber of
atoms in group X in the alkaline group, the boundary should lie at about 1. 5.
At the saIne tilne the content of the corresponding elements in the Ca-poor
group is very small. BetvYcen the general formula of the latterY,Sic;022(OH)2
and that of tremolite-actinolite and hornblendes X 2- 3Y5Z8022(OHL~ no inter­
mediate fonns seell1 to be knoyvn.

In the Ca-poor group there is a distinction behveen the Fe"}fn-richer l11ono­
'~linic members and the antohophyllites, the dividing zone lying at about
'37--40 mol. per cent l\IgSiO~. Only '\vhcn greater alllonnts of sesqllioxides arc
present in the rhonlbic £1Inphiboles does their content of Fe and nIn exceed
the linlit given above .

The relations bebrveen the Strahlsteins and the hornblencles are 1110re nn­
certain. In a paper of 1929 G. Beskow puhlished a general diagram OIl the
amphiboles and concluded that there may exist considerable gaps between the
Strahlsteins, the alkaline; and the Erne-bearing hornblendes, \vhcreas at about
the same tin1e (1930) E.unitz supposed transition relations to exist bet\vccn
Strahlsteins and liTDe-bearing hornblendes and also behveen the fonner and
glaucophane and betvveen basaltic hornblendes and arI-vedsonite, though Yvith
the IIloc1ification that nlay be attributabJe to the tClTIperature. Foslie seems to
be of the san1e opinion as Kunitz as regards the relations of Strahlstcins to
.~onlnlon hornblencles and pargasite-hastingsite. Berman's conclusion \vas that
',vithin each of the four series recognized by hirn (anthophyllite, curnrlling­

:onite, tren10lite-actinolite and hornblcnclcs) there is iscnnorphisn1 to the extent
indicated in the formulae, but behveell these series httle overlapping is found

.'(p. 387).
~; Leaving aside, to begin with, the relations Df tlle Strahlsteins to alkaline
hornblendes, it is apparent frorn the diagrarn in fig. 6 in th(~; present paper

::~that if an unmixing area exists bet\yeen trcrnohte-actinolite, on the one hand,
,and cornman hornblcndes, pargasite-hastingsite and tschcrrnakitc, on the other,
;"It cannot be \lcry great. The relations or refraction and axial angJe as den1on­
i::~trated above are incompatible \vith the exi.stcnce of transition relations. V,7"hZLt
,~has been said in this paper seenlS to pronlpt the conclusion that the pattenl
~::orresponding to tremolitc-actinolite cannot continuously change to that of
.jlhc sesquioxide-richer hornblendes. But is the unmixing area is small the C011­

~~temporancous formation of the hvo amphiboles Inay" occur fairly seldom in
:~atnrc. They may also easily be overlooked in a specirnen, unless the optical
:~opeTties are carefully studied. Especially in the quantitatively predominant

" 1 1-'01' litel'aturc on thi3 subj(~ci sec S·,lll.c1ius, IC)-t4.
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X R/cnten'tes

mixtures \vith an inteTmcdiate content of jIg and Fe the tVvTO kinds of horn­
blende \vill be fairly similar and difficult to clistingui~h.

In the alkaline hornblendes t11C' rclatlol1s are nlorc c0111pliGded and the nUlllber

of analysed speciElens is srnaller. There is not available any cOlnpJetc series of
111ixturcs between the end-rnelnbers wbich cDuld settle the question. Conse­

quently no definite conclusion can be dra\vn regarding the solid solution rela­

tions within this group.: it can only be said that the sinli12T ,,"alues of pfound for

the different standard types do not indicate uTIlnixing. It is doubtful hoW

the abnornlal value ot j3 in the riebeckit~c osannitc should be interpreted.

Fig. I3 is a compilation of aU the alllphiboies treated ill this paper in a triangu­
lar diagram \vith the coordinates Cal Xa -.:- K arid ;\1 -i- Fe"!. As the atoIIl
nUlnber of Si theoretically rell1a_i~lS silni'_ar 1:1 all c~lka]ine llornhlendc3, the co­
ordinates chosen should ~be appropriate fOT a gTc.:.phicJ.l reproduction of the
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,ny eOlnplcte series of

the questioll. Conse­

le solid solution rela­
. values of pfound for
. It is doubtful hmv
be interpreted.
his paper in a triangu-
+- Fe"!. 1\S the atom ....

hornbiendes, the co­
reIJrodll etlon of the

.e hii/O kinds of horn-

rnelnbers of this group. In reality a slight rcplacenlcnt of Si by Al occnrs. In
the lime-bearing group the replacelncnt of Si by Al is the nwst characteristic

'feature. III the cliagrarn this is evident by the equally raised values 01 Al + Fe' ".

The greatest shortcoming of tbe present as of all hornblende diagrarns tha.t in­

elude Fe is the already discussed excess of Fe"! in the analyses, 'which ha~,

caused tnany of the points to be dislocated to\vards the top corner. C,bieU:y
for this reason lnost of the points of the c~ckenllannite-arfvecl.sol1itc series
and of tIle richtClite group have rnovf:d up\\Cards,so that the fonne:- partly
Inix witti glaucophanr-rieheckites. But this is of minor ilnportance as regards
the relations behvccn thl" alkali l1C and the linle-bearing hornblencles.

A StUd)7 of the c1iagraIH ~ho\v3 that the tvvo chief group~ Inentioneo do n()t

lllix \vith each other, their points clustering al()11;~ diilercnt sides of the tric'.n.~_:r1c.
5D ~

\ This is rnost conspicuous in the case of the Erne-bearing hornh1cEde~, the par-
\ gasitic, hastingsitic and t~chean(lkitic rrlelllbcrs of \vhich fonn a rather dense
\

_}\,~Q aggregation round the theoretical point of pargasite, \vhercas COHunon horn-
/ \. blcndes and tremolitcs-(~ctinol:tcsferrn a ill.ore sparsely occupied lone tO~vva.rd "

/,,"/ /\\ the la-corner. The broken line lnarks the 2"pproxin1ate position of the llnnlixing
~--;----7\LfO zone between the Strl~Jllsteiil~2.nd the sesLJuioxide-TichcT hornb]cn(lE-~s. The a1k2.-
'\ ~" / \ line hornhlendes tencl to aggregate along the utbrT ::,icies of the i rianglc, A::.:

. _.\/:/::<,_..,:/~ . \/~/\\,,5{) regards the richtcrites thi:;;: ,;;:hOllld beC011H~ eVl'n 1nor8 noticeable if regard could
. be taken. to tbe eXCC:3S of I·-e ul in the ca.lculation for the di:::-grar:1. 1--Jracticall:y

/1 : "'\:~, ;/ \\ all the dislocations of tbe points frorn the bottorIl line, - the theoretical site

\ / '. \ of the richterites - -- are attributable to this. in an:,' C8~(~ there are only few
-~._----7\20
\. / \. . / \ points in the central part of the tri~lIlgk and l.h(' onl~< instance \\-h~~re a horn-
" i/ . .:\: / \ b1cncle referred to the alkaline group cornes in tellch \vith the lime-bearing

--" ,>x(u"--;_. ).<-:~~\/() series is the point of richtcrite (No. q in the tu.ble on p. 9L \vhich is sitllatcd
/ '\ /" \ ".I \, in the outcnnost zone at the area occupied h:r trernoJ.ite-actinolite, Its P03'i.li()J1

,I \ ,/ .\'\ / \
/ \,/ \://. \ nl2.Y be influenced by ar1 excess 01 Fe!" 8Ecl furthcnr.. on: its optical properties,

80 90 • \vhcther tTtrnolitir or not, arc unetetcflnincd (cf. p, 9).

( It should be noted that ~1so the aTnphibcles corrcspcn~diIlg to the outenno~t

points of the alkaline group ahvays bchaTe as DlcrnbtTS of tllat group \\/hen

optic<ll dctenninations arc C1\.-al1aLle, and the COrIf'SpCnd1ug P011F:S of the: lin1l~'­

bearing series 1;('Da\-e optically as Il12111 bers e,f this series. Tl~e dlangc i~l tItJ
optic::.] prorerLies nlay thcre[orc also generc:~lly be Ljrl..v c-,udclc-,1, as is ShOV.hl

to be probable jn tlw indisicluc'l case o( richtcrite-trernolitc.
Tliesc facts Ta t lief sEIJpnrt the SllPPOSlt1011 tha.t there C'xist::; 2.11 nnTuixl,i.;

zone bchvt:cn the alkaline ;:ul.d the lilne-alkaline hon1 b1ende:3) thoug-h the lEl-
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