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HASTINGSITES, AND AMPHIBOLES 

FROM THE E PID OTE -AMPHIBOLITE FACIES 

BY 

STEINAR FOSLIE 

With 2 figs. 

A series of rock analyses from my field work in the Tysfjord 
district of Northern Norway offered the opportunity for exact calcul
ation of a numher of horn'blende minerals, occurring more or less 
abundantly in some of the rocks. Optical determinations were carried 
out on the analyzed material. Afterwards a ferro-hastingsite was also 
analyzed chemically. 

The object of the work has be en: 

l. To give a contribution to the study of relations between the 
chemical composition and the optical properties within some parts 
of the complicat·ed group of common amphiboles, considering the 
newest concepts concerning the constitution of this group. 

2. To study the composition of the amphi!boles, formed in certain 
metamorphic facies of higher temperature, wihich have a very wide 
distribution in the Caledonides of Norway. 

3. To give a clue for the determination of the amphiboles, formed 
under these given conditions, by optical measurements alone. 

V a  lue of  calcula  ted  mineral  analyses. 

In mineral chemistry only chemical analyses of isolated material 
are taken irrto account. The result has been that among the analyses 
of rock-forming minerals registered, the predominant part comes from 
especially coarse-grained rocks, whose minerals may be picked out 
by hand or are easi:Jy separalbJ.e by mechanical means. The minerals 
of important groups, especially of fine-grained or metamorphic rocks, 
are only scantily represented. Not too rarely we come across analyses, 
which are unreliaible because the separation has been incomplete and 
the product not suffidently controlled. 
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If a quite complete separation can not be attained, the presence 
and the character of the impurities may be controlled in the micro
scqpe, indeed, but their quantity is very difficult to estimate in a 
fine-grained powder. In such cases the result of a calculation from 
the rock analysis, after volumetric measurement under the microscope, 
may be as reliabie or in certain respects even superior to a chemical 
mineral analysis. 

It must be kept in mind that for ordinary petrographical investig
ations rock analyses will generally be made, but only in special cases 
an analytical determination of the individual minerals follows. 

In petrological literature therefore an increasing number of 
caloulated mineral analyses occur, not all, however, made with the same 
conscientiousness. Presuppositions for re all y reliable results are: 

1. The rock analysis must be superior. The present analyses 
have been made by Olaf Røer (no. 2, 4, 15), by E. Klilver (no. 16, 18), 
and by M. Ktlilver (no. 17, 22, 28, 3f), all experienced silicate chemists. 

2. The thin sections for the planimetric measurements must be 
taken from the material used for the rock analysis. The structure of 
the rock must be tolerably homogeneous and the area measured be in 
an appropriate proportion to the grain size, in order to get a good 
average. The measured indicatrix is here on the average 150 mm. 
Porphyroblasts must be measured on a greater surface. For instance 
in the rock no. 4 - a garnet-hornlblende schist - only 2-3 garnets 
occurred in an ordinary thin section. It proved very effective to 
measure their quantity on the smooth surface of a diamond drill core 
and their inclusions microscopical'ly. 

When the diameter of certain grains get smaller than the thickness 
of the thin section (ca. 0.03 mm), the planimetric results will be un
reliabl.e for them. Especially the opaque minera•ls like iron ores will 
in such cases be considerably over-estimated. 

The results of the planimetric measurements serve as a guidance 
and are subject to smaller modifications during the calculation. 

3. By the calcu:lation it must be kept in mind that few silicates 
have a fixed composition in most r�espects. In  many of them enter 
components, not expressed in the standard formula. 

In literature it is often seen that by deducting the accompanyirug 
minerals, these standard formulas are used, in spite of the fact that 
e. g. biotite always contains more or less soda, soda feldspars contain 
potassium and potassium feldspars soda and so on, varying with the 
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rock composition and other conditions. These subordinate components 

generally can not be determined by the optical measurements, indeed, 

and therefore not be exactly establiSihed. By using the rich experience 

of mineral chemistry of to-day, one may in eaoh case chose the most 

probable figure for them, and the result for the mineral to be calculated 

is better, _ than if they were wholly neglected. 

Small faults in the composition chosen for the accompanying 

minerals do not influence the result perceptibly, wh':!n they are not 

predominant in proportion to that one searched. In the complete calcul

ation of a rock analysis so many factors have to correspond that the 

tolerance of composition will generally prove to be very IJimited. 

Practically it proves most difficult to find the corr·ect silica con

tent of the mineral in rocks carrying free quartz and the corr:ect iron 

content in rocks carrying free iron ores. 
Metamorphic rocks, recrystallized by higher temperatures, are on 

the whole very favour�ble for these calculations, because the new

formed minerals are dean, with well defined borders and the iron 

oxides almost wholly enter the silicates. By low-t·emperature meta

morphism on the contrary, none of these advantages occur. 

In the present case the calculated analyses of the amphiboles 
seem to lbe quite reliable, as appears from what follows. 

Methods of  opt ical  measurements. 

The indices of refraction were determined in sodium light with 
immersion fluids, whose refraction had lbeen recently controHed by the 
prism method. The determinations should therefore be correct within 
± 0.002. 

As is well known, the difficulty in measuring amphibole powder 

is that nearly all grains on account of the excellent prismatic cleavage 
remain Iying on the prism faces, which are not normal to any of the 
main optical directions. 

However, most amphiboles have a more or less distinct 01 O 
parting. By moving the cover glass and with some patience one will 
succeed in turning some grains on this side. With some amphiboles 

it is comparatively easy, with others difficult, but the method has never 

completely failed. The central position of the optical normal was 
always controlled conoscopically. 
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Thus a, y, and the extinction angle could be measured. By using 

high magnification the result should be more accurate in this way 

than obtainable on the turning stage. The extinction angle was also 

measured in thin s,ection, but where the interference colour happened 
to be nearly compJ.ementary to sodium light, it had to be done in 

dayJ:ight. 

The birefringences were measured in thin sections of the rocks 
with Bereks compensator, partly for a control, partly for the indirect 
determination of (3 and the axial angle. The thickness of the section 
was determined by the aid of known minerals, preferably quartz, and 
always in the neighbourhood of the object, on account of the varying 
thickness of most thin sections. 

The pleochroism was observed in sections of 0.03 mm thickness 

on the average. 

Correlat ion of chemical  and opt ical  data. 

On account of the many varying components such correlations 
among the amphiboles have proved very difficult. In reality it is only 
within the series of Ca-free amphiboles ( antophyllites, cummingtonites) 
and AJ-fr,ee amphilboles ( actinolites) that it is tolerably accomplished. 

It has further become apparent that among the optical data it is 
mainly the indices of refraction which vary so regularly and so con
sideraibly, that they are fit for general use in these correlations. 

Al ready in 1914 W. E. Ford ( 5) has shown the gener.al lines 

of variation, proving that the refraction increases with increasing 

FeO, Fe203, Al203 and with decreasing Si02 and MgO. Further it is 

proved that Ti02 rises and fluor lowers the refraction very consider

ably. To a lesser degree it is also lowered by MnO and alkalies. 

Later W. Kunitz ( 8) in his elalborate work of 1930 has system
atized the whole amphibole group, founded on a series of new, exact 
chemical and optical determinations. Very important is that the iron
rich members of the actinolite series, which so far had been unknown, 

were here treated for the first time. He also subdivided the amphiboles 

according to their varying con tent of Al203 (the old syntagmatite mole
cule) and proved that the amphiboles in crystalline schists were Iow 

in Al, in contrast to those of the eruptive rooks. It is curious to note, 
that his "crystalline schists" therefore obviously included only the 

greenstone facies · (Th. Vogt, 17), while those recrystallized under 

higher temperatures were not mentioned at all. 
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Both these works were written before the definite establishment 

of the crystal structure of the amphiboles lb y W arren l 930 ( 18). 

It is ;evident that when all these components are pr·esent in 

variable amounts as often in the common hornlblendes, it will be quite 

impossible to .get usable correlations. Therefore it is important that 

the disturbing accessories are either absent or at !east present in nearly 

constant amount. Consequently it otten gives a clearer picture to treat 

series of amphilboles, which are interrelated and formed under uniform 

conditions, as tried in the present case. 

When, like here, the influence of Ti, F, and Mn are excluded, 

there remains two groups of variables: Fe0-Fe203-Mg0 and Si02-

AI203-alkalies, the first group varying mainly with the chemistry of 

the rock, the second group mainly with the conditions of formation 

(facies). 

After it has been proved that 2-valent and 3-valent iron occupy 

similar positions in the lattice and that oxidations and reductions may 
be performed without disturbing the constitution, there is no reason 
any more to plot in the diagrams Fe203 in a special sesquioxyde group. 

The simplest form to treat the first group of variaibles is therefore 
to p lot them according to their mg-number (after Niggli), defined as: 

mg= mol. 
2Fe203 + Fe�� Mn O + MgO. As the influence of Fe"' 

is somewhat stronger than of Fe", we also state the oxidation 

d f t.h . 
1 2 Fe20s 

egree o e JTon: ox =mo 
. 2Fe203 + FeO. 

In the second group of variables there is, as Warren has proved, 
a mutual state of dependence between Si02, part of Al203, and part of 

the alkalies. Instead of plotting, like Winchell (19), the Al-bearing 

molecules (total Al) in the ordinate, we will here try to make separate 

curves for the amphiboles formed under similar conditions, in order 

to find the influence of the facies on this group of variables. 
For sake of simplicity the refradion is presented by only one 

curve, the mean index n = a +:+Y. For most of the amphiboles, 

this curve Iies closely below the {3 values, in the hastingsite group, 

however, considerwbly below. 
As a base for comparison is given the curve for the tremolite

actinolite series, mainly after Kunitz. See fig. l. 
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For its construction are used the amphiboles tabulated below, all 
low in fluor and with full Si content, with a minimum substitution 
by Al. 

It therefore represents the lowest limit for the refraction of fluor

free Ca-amphiboles, found in nature: 

Tab le  l. 

mg n Locality Source 

0.995 l 615 St. Gotthard Kunitz, no. 2 
0.935 1.621 Kupferberg . 4 
o 93 1.620 Pierrepont Rosenbusch- Wiilfing V 
0.87 1.627 Arendal Kunitz, no. 5 
0.87 1.628 Greiner, Zillertal Rosenbusch- Wiilfing VII 
0.85 1 .630 IX 
0.84 1.629 Russell, N. Y. VIll 
0.753 1.6363 joma mine, Grong, Norway Foslie, unpublished analysis 
058 1 .649 New Hampshire Kunitz, no. 8 
0.515 1.653 Rhode Island 9 
0.273 1.668 Nordmarken » lO 
0.03 1.6775 Tamarack mine > Il 

The curve is drawn just above Kunitz no. 11 because it contains 

a little more Mn than the others. 

T h e  mother  rocks  of  the amphib o les invest igated. 

All the rocks are from the map area "Tysfjord" in Ofoten, 
Northern Norway. The numbers used are the current numbers of the 
rock analyses. The amount of hornblende in the rock is given as a 
due for the exactitude of its calculated composition. The main mineral 

paragenesis is given to judge the temperature of formation of the 
amphiboles. 

l. Conzplex of canzbro-silurian crystalline schists with caledonian 

intrusives. 

Six of the rocks given here are of intrusive, o ne (no. 28) of 

sedimentary origin. All are completely recrystallized under pretty 

uniform temperature conditions. They betong to the epidote-plagio

clase-anzphibolite facies ( corresponding to the upper part of Th. Vogts 
epidote-amphibolite facies 1). 

' See publications 3, 11, 12, 17. 
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Locality 

No. 17. Ossipitic amphibolite. North of Geitvann 
• 16. Amphibolite. North of Geitvann ... . .  . 
• 18. Quartz-diorite gneiss. North of Geitvann 
• 31. Hornblende gabbro. Mellemslåttfjell, 

In. Tysfjord ...... .. ..... . .. ..... . 

No. 1 5. Green hornblende schist. Brattåsen .. . 
4. Garnet-hornblende schist. Bjørkåsen 

mine .. . ...... . ...... . .. ....... . 
• 28. Lime-silicate mica schist. Rusløkvann, 

In. Tysfjord .... .......... ....... . 

0/o Horn-
blende 

42 
66 
17 

54 

61 

60 

13 

81 

Ofo l Plagioclase 
Epidote composition 

28 An2o-1s 14 An2o-s2 
1 Ann- 21 

13 Anso - •s 
Rhomb. 
zoisite: 

l An21-as 
o Anso-26 

5 Anu-so 

The thæe first named belong to a dlifferentiation series from one 
locality. More acid differentiates occur, but without hornblende. No. 31 
is from another locality, but dosely related to the former. No. 15 and 
4 are from neighbouring localities of another intrusive. 

Neither diopside nor chlorite belong to the paragenesis of the 
above rocks. The epidote (resp. rhomlbic zoisite) forms independent 
individuals (no saussuritization). The plagioclase is dean, with irre

gul ar inverse zoning. Biotite occurs in no. 28 ( 32 %) , no. 15 ( 11 %) , 
and no. 18 (3.5 %). Quartz is present in all of them (1-21 %). Iron 

ore minerals are praJCtically absent, except some hamatite in no. 18. 

The main minera>ls of no. 28 are: Quartz, plagioclase, biotite, 

hornblende, rhombic zoisite, gamet, and often some calcite. 

Il. Råna norite field. 

For comparison with the for:egoing is taken an interesting rock, 
originally a norite, very rich in bytownite. The f.emic constituents 
bronzite and diallage have become unstable and changed to a colourless 
.edenitic horniblende with only scanty remains of the d�aUage, the rock 
retaining its massiv·e structure and a remarkable light colour. A great 

deal of the bytownite has been used in the reaction, but any consider
able decalcifilcation has not occurred, the remaining plagioclase carry

ing still for the greater part An70• Furthermore kyanite has been formed, 
but no clinozoisite or epidote. Accordingly it should belong to the lower 

part of the amphibolite facies. 

No. 2. Edenitic norite. North of Simlefjell 

Norsk geo!. tidsskr. 25. 

Ofo Hornb lende 
55 

Plagioc1ase 
ca. An1o 

6 
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Ill. The Tysfjord granite area (Basal complex). 

"lo Hornblende 
No. 22. Quartz-syenite gneiss. Tepkilnes, Æfjord . . . . !3 

• 21. Tysfjord granite. Lille Hulløy, Tysfjord . . . . . 8 

Plagioclase 

Anu-n 
An10 

The mineral paragenesis of the syenite is: Quartz, microcline, 

plagioclase, biotite, hornblende, epidote (3 %) . It is r·ecrystallized. 
The paragenesis of the granite is: Quartz, microcline, microcline

perthite, oligoclase-albite, lepidomelane, ferro--hastingsite. It is doubt
ful whether the femic minerals are of late- or post-magmatic formation. 

It is not possible to parallelize these 2 rocks directly with one 

of the facies of the basic eruptives, but it must be concluded that the 
conditions of formation for their amphiboles have been very different 
from �he others. 

Composit ion (calculated) and opt ical  determinat ion  

of  the  amphiboles. (See table 2.) 

A review of the midd'le series of 7 analyses shows a striking 
homog.eneity in composition, except for the proportion Mgjfe with 
unlimited variation. They are all normal Ca-amphiboles with their 

lime content as usual in the neighbourhood of 25 mol-% of the femic 
oxides. They are a11 rich in alumina and with a moderate, but per
sistent alkali content. Both Ti02 and MnO are inconsiderable. As 
to the fluor, qualitative tests on the rocks show that it is absent or 
quite insignificant. 

Even the amphibole from the Råna norite (no. 2) falls pretty 

. 
closely into line with the others (see p. 93). 

The same is the case with the indices of refraction (fig. l, middle 
curve). The y form a smooth, nearly straight line. Of spe ei al interest 

and a proof of complete equilibrium is, that no. 28 accomodates itself 

with the others, as well in composition as in optical properties, although 
it has, as a sedimentary rock, attained this state after a development 

in the opposite direction of the others. 
To be noted is the state of oxidation. The differentiation series, 

no. 17, 31, 16, and 18 have practically the same degree of oxidation 
( ox), irrespective of their different acidity, because they are re

crystallized under similar conditions. The Råna amphibole is very 

low in ferric iron, Hke most rocks in this eruptive body. The diff.erence 

seems not sufficient, however, to have any marked influence on the 
indices of refiraction. 



No: 

Si01 • . . .  
Ti01 . . . •  
AI20a . . . 
Fe,Oa . . . 
Cr20s . . .  
Fe O o . o .  
Mno .. .. 
MgO .. .. 
CaO ... . 
Na��o 
K10 
Hl O 

. . .  
• •  0 0  
o • • •  

v,o6 . . . .  

mg ...... 
OX • • • • • •  

a . • . . . . .  
{J Ca!. . . . 
r . . . . . . .  
n . .. . .. .  

r-a . . . . .  
r-.8 • . . . . . {J-a ...... 

2VaCal. . . 2Va0bs.1 
c:y . . . . . 
Pleo-
chroism 

2 

50.15 
0.18 
12.82 0.45 
0.14 6.86 0.09 

1 5.90 10.42 
0.73 
0.48 1.78 

100.00 

0.795 
0.055 
1.631 1.643 1.654 
1.6421 

0.023 

85°±5 
18° 

.., 
c 
o 

z 
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Table  2. 

17 31 15 28 16 4 18 22 21 

48.15 47.55 47.55 47.00 48.08 46.74 46.97 41.30 38.25 
0.38 0.56 0.33 0.61 o 20 0.23 0.66 0.62 0.4 
13.28 13 82 15.28 14.98 13.00 13 .45 13.40 11.63 12.4 2.00 2.44 0.92 2.13 4.22 2.60 4.97 5.77 6.0 0.06 6.08 7.16 9.61 9 .82 9.63 13.00 12.51 12.41 24.25 
0.28 0 .24 0.12 no ne 0.26 0.18 0.18 0 .70 0.6 
14.60 12.80 1 0.97 10.19 10.04 8.30 7.00 11.56 2.45 
l 1.50 12.00 12.43 11.70 10.20 10 .90 10.00 11.87 9.65 
1.1 0 1.04 1 .00 0 .76 2.2 9 1.65 2.33 1.88 2.0 
0.3 1 0.

4

9

1 
0.16 1.14 0.30 0.69 0.18 0.62 2.0 

2.32 1.90 !.50 1.67 1 .78 2.26 1.80 1.64 2.0 
0 .07 

t oo.oo Jwo.oo Jwo.oo Jwo.oo Jwo.oo Jwo.oo Jwo.oo 100.00 J1oo.oo 

0.765 0.705 0.65 0.61 0.57 0.49 0.42 0.53 (0.13) 
0.23 0.235 0.08 0 . 16 0.28 0.15 0.26 0.28 (0.18) 

1.633 1.641 1.6435 1.649 1.652 1.658 1.665 1.669 
1.646 1.6515 1.655 1.661 1.6645 1 .671 1.678 1.682 
1.657 1.662 1.6665 1 672 1.673 1.681 1.6835 1.684 .., 1.6453 1.6515 1.655 1.6605 1.663 1.670 1.6755 1.6783 .., rJl 

rJl 
0.024 0.0215 0.023 0.023 0.0215 0.023 0.0185 0.0 1 5 c .., .�:::: 0.0 11 0.0113 0.0107 o:0085 0.010 0 0055 0.002 - rJl OS bl) 0.013 0.012 0.013 0.0 13 0.013 0.013 c c '§ti 
85° ....... 88° ....... 86° ....... 78° ....... 83° '"'-'  66°'"'-' 43 ° ....... ... os 

4.l,C 
85�±5 88°±6 77°±3 79°±3 70°±6 41°±8 V o 

""l:: -.., 
15 ° 15° 15° 15.5° 15.5 ° 1 3.5° 15° 22° OS'--� 

o. 
E l 

E 

l 
... o .., 

·= � ::I bl) bl) bl) bl) 
c :0 c c >.C c 

l 
'O os 

l 
o o ... o e ·;;; .., .., .., ... ... .., ... 

u.. � � � 00 00 >ti 00 

Ca!. means calculated. All other values are direct observations. For all these 
amphiboles b = {J. Pleochroism r =fl> a. r = bluish green, {J = o live green, a= 
greenish yellow. The distinct bluish green colour of r is very characteristic for these 
amphiboles, except no. 15 and 28, where r has nearly the same green co1our as {J. 
No. 2 is colourless. 

1 These control measurements of the axial angle were kindly performed on the 
turning stage by my colleague O. A. Broch. They confirm the calculated va1ues 
quite well. 
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The remaining two amphiboles, no. 21 and 22 from the basal 

eruptive complex, are different from the others, as shown by their 

chemical and optical characteristics, e. g. their small axial angles. The 

meaning of this will be treated later, in connection with the caloulation 

after Warren. 

Ferro-h  as  t in gsi  te. 

The calculation of analysis no. 21 of the Tysfjord granite (a some

what gneissic microcline gran i te) showed an amphibole of extreme 

composition. The very Iow silica- and high iron content in connection 

with high indices of refraction, very strong absorption and very small 

optical angle proved that we had to do with a hastingsitic amphibole. 

Akeady in 1916 Th. Vogt (15) called attention to such nearly 

uniaxial amphiboles, occurring at several localities among the granites 

and syenites of northern Norway. In 1922 (16) he mentions a similar 

hastingsitic amphiboJ,e in connection with his description of the peg

matite of Hundholmen, Iying within the area of the Tysfjord granite. 

The author (20) during his geological mapping in these 1regions 

could ascertain that this amphibole is a characteristic component of 

most parts of this ext.ensive granite area, and thus has a very wide 
distribution. It would therefore be of general interest to get a doser 
knowledge of it, so much the more as the calculation, stated above, 
had been made under comparatively unfavoura:ble conditions. The 
granite contains only about 8 % amphibole in intimate connection with 
about 5 % lepidomelane. As the specific gravities of the two minerals 
Iie pretty dose together, it must be considered a v•ery difficult or 
impossible task to separate them by mechanical means. 

He succeeded, however, in finding a mor.e pegmatic development 

of the same amphibole in connection with the Funta Zn-Pb-claim, 

lying within the Tysfjord granite. Comparative optical measurements 
showed that it must be identical with the amphibole of the ordinary 
granite. 

The mineral occurs in individuals of about l cm Iength, in para

genesis mainly with quartz. It is black, with an exoellent cleavage, 
a brilliant lustre, and completely fresh. A microscopical control showed 

that some prisms were quite dean, but most of them carried some very 
thin films of Iepidomelane and very thin plates of quartz along some 

of the cleavage planes. 



Si02 
Ti02 
Al203 
Fe203 

.... . . .... .. . 

. . . . . . . . .... . 
.... .. . .. . . . 

• •  o • • • • • • • •  o 
FeO .. . ...... . .... 
MnO ... o • •  o • • • • •  
MgO .. ........... 
Ca O o • • • • • • • • • • • •  
BaO ............ .. 
Na20 
K.o 

. . . . .. .. . . . .  
• • •  o • • • • • • • • • 

co •. . . . . . . . . . . . . .  
s • o • • • • • • o • • • • • • •  
F .. . .. . ... ....... 
H.o + 110° .... . . 
H.o ..;-110° .. . .... 
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Table 3. 

I l IP Ill l IV 
O/o o/o +O/o Ofo 

3 8,6+0 25 39.35 1.35 38.89 
0.6 5 O.OI 0.65 

11.76 0 .17 11.88 7.44 0.0 5 7.56 
21.70 0.35 21.88 

0.64 0.66 
2.66 0.0 4 2.68 

l 1 0.40 10.66 
no ne 

1.71 1.75 
2.03 0. 0 9 1.99 

no ne 0.0 5 0.0 5 0 .21 (021) 0.21 
1.2 0 

l 
0.04 

l 
1.19 

0 .02 

85 

V V I  V !l 
0/o o/o % 

3803 37.49 38 .89 
0 .22 0.86 1.43 

I 1.59 1 0.81 10.22 6.8 1 7.52 9.53 
23.72 25.14 21.40 
1.11 0 . 9 5 0 .48 
2.87 1.34 2.23 
9 .75 9.77 9. 08 

2.30 2.0 6  3.78 
1.90 1.91 0.97 

0.05 1.2 0 2.01 1 .8 4 

l l 99.82 l 
0.12 

110 0.0 0 l 99.55 l 99.86 l 99.85 
..;-Q for S and F 

99.70 

sp. g. . . . .. 3.378 

mg .. .... . . 
OX • • . . • • • • 

l 3.390 

l 0.14 
0.24 

0.14 1 
0.21 l 

0.07 0.21 
l. Ferro-hastingsite, Funta, Tysfjord. Determinations by I. Rosenqvist. 

Il. Analysis by M. Kliiver. 
Ill. Deductions for impurities. 
IV. Composition of the pure mineral. 

l 0.115 
l 0.28 

V. Hornblende from pegmatite, 6sterskar. P. Geijer: G. F. F. 1913, p. 1 47. 
VI. Hastingsite from umptekite, Almunge. P. Quensel. Bull. Geo!. Inst. Upsala. X II. 

V II. Hastingsite, White Mountains. W. Kunitz: NeuesJahrb. LX, Beil. B, 193 0, p. 2 45. 

In a small sample of pure, picked material fluor was determined 

by Ivan Rosenqvist at the laboratory of professor Tom Barth, according 

to the very exact method: titration with thallium nitrate. The result 

was 0.21 % F, a remarkably low content, considering that the Tysfjord 

granite is a fluorite-bearing granite. In the same sample silica was 

also analyzed (by the hydrofluoric acid method), but without including 

the small rest of silica, which remains undissolved, and according to 

' The analysis was paid by Norges geologiske undersøkelse. For permis

sion to publish it here, I am indebted to dir·ector Dr. C. Bugge. 
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experience amounts to about 0.25 % Si02•• The r-esult, given in tab!:e 3, 

column I, should represent the correct silica content of the pure 

mineral. 

A picked sampJ.e of about 3 grammes, not quite as pure as the 

former, was analyz·ed by M. Kltiver. (Column Il.) The wate·r con tent 

looks low, as does the sum, a very common f.eature with homblende 

analyses. It was determined in the usual way. After being driven out 

by Tecla-burner, it was weighed. It is therefore possible that not all 

the water may be driven out in this way. On the other hand some 

amphiboles no doubt carry less water than required by the stoechio

metric formula. 

T:he content of free quartz in this sample was calculated to l % 

by comparison with the result of column l. The quantity of lepido

melane was estimated in the microscope to about the same amount. 
The sulphur is derived from 0.13 % pyrrhotite. By deducting these 
impurities and recalculating to 100 %, we get the composition of the 
pure hastingsite, given in column IV. An optic spectrogram showed 

traces of vanadium, less than 0.01 %, but no further constituents. 

The difference from the composition, previously calculated from 
the rock analysis no. 21, is not considerable. As will be seen, it 
concems mainly the oxidation state of the iron. 

The optical data were determined as follows: 

a 1.6 94 
fJ Ca!. 1.7105 
r 1 .712 

n 1.7055 
Dispersion e > v 

y-c-a 0.018 
(y-c-{J 00015) 
2Va Ca!. "'-'32° 
c:y 17.5° 
b={J 

Pleochroism y= fJ > a 
y very dark bluish green 
fJ very dark olive green 

a light greenish yellow 

The colour is so dark that the axial angle could not be dete,rmined 
on the universal stage. For the same reason the calculated value is 

also inaccurate. At any rat.e, the opening of the a-hyperbola is very 
small and considerably blur,red on account of the dispersion. For this 

reason it was also impossible to determine the direction of the optic 
plane directly. This was done in the following way. 

In a thin section from the granite, there were found two individuals 

near each other, with emanating hyperbolae, the one in the prism zone, 

the other near the end face of the prism. They represent.ed y and {3, 
but to identify them was impossible, 'because by such small axial angles 

they are nearly identical. Therefore the birefringences were determined. 
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That one in the prism zone was found to be 0.0015 greater than the 

other, and thus represents the optic normal. Consequently the optic 

pl ane is 01 O. 
It is curious that in spite of the optk similarity of the two 

directions and the �equally strong a<bsorption, the absorption colour 

turns markedly from olive to bluish, thus disclosing the orientation. 

In columns V-VII is given for comparison the analyses of three 
similar amphiboles. It is to be regretted that on the amphibole from 
osterskar, connected with the Stockholm granite, the indices of re

fraction have not been determined. 

Hast ingsites  in  general. 

The mineral name hastingsite has been poorly defined. Originally 

it was a species name, introduced lby Adams for an amphibole occurring 

in a nepheline syenite from Hastings county, Ontario. It was rich in 

iron and alumina, moderate in lime and alkalies, had a small axial 

angle, and the optic pl ane normal to 01 O. Afterwards the name has been 

differently applied by different authors, who laid the main stress upon 

the optical characteristic. Winchell went so far in the second edition 

of his "Optical Mineralogy'', that he placed it as an intermediate 

member between gruenerite and riebeckite, both free from alumina 

and lime, and thus fundamentally different from the original meaning. 

Billings ( 4) in 1928 extended the conception of the term hasting
site to a series of amphilboles, introducing the new names magnesio
hastingsite (MgO: FeO > 2), femag-hastingsite ( < 2,> %) and ferro
hastingsite ( < l!:!). 

In the la test classification of Berman and Larsen (2, 9), hastingsite 
has got a still more extensive meaning, including all the amphiboles 
in which � of the Si-atoms are subsNtuted by Al, with a corresponding 
introduction of alkalies to balance the electrostatic valence. 

In order to find the proper place for an amphibol�e in the new 
system, it is necessary to recalculate the analysis. The procedure is 

stated below for the ferro-hastingsite from Funta (tab le 3, column IV). 

The fundamental principle for the amphibole constitution, found 
by Warren (18), is that these molecules always contain 24 atoms of 

oxygen (including OH, F). Consequently we have to find the number 
of the different metal atoms, corresponding to these 24 oxygen atoms. 
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It is necessary to arrange the elements in another way than usual 
in an ordinary analysis, viz. in the order of increasing size of the ions, 
because this size is deciding for the isomorphous substitutions. ln this 
way the ions are arranged in groups, whose members are capable to 
replace each other to a greater or lesser degree. Each group is given 
a letter name (X, Y, Z, W etc.). An important point is that ions with 
sizes intermediate between two groups may enter both of them. In 
that way Al may enter the Si or the Mg group or both, Mn is found 
in the Mg or the Ca group. 

Table 4. 

Calculation of ferro-hastingsite from Funta, Tysfjord. 

Si02 o o o o 

AI"03 o o o 

Ti02 . . .. 
Fe203 o o o 
MgO OOOo 
FeO. o o. o 
MnO 000 0 

Na.o 
Ca O 

o o o 
. . . . 

K20 o .  o o o 

H20 o o o o 

F . ... . .. 

I 2 3 

Weight Ratio Ratio 
Ofo of mol. O,OH, F 

l 38089 00648 10296 

11088 00116 00348 

0.65 Oo008 l 00016 
7056 Oo047 00141 
2068 00067 00067 

21088 00304 00304 
0066 0.009 00009 

1.75 00028 Oo028 
10.66 Oo191 0.19 1 

1.99 0.02 1 0 021 

1.19 l Oo066 0.066 
002 1 00011 00011 

l1ooooo l 2.498 l 

00011 
O for F+ -- = 00005 

2 

24 

2.493 

2.493 

9063 

4 5 

Ratio Metal 
metals atoms 

00648 6023 

00232 2024 

00008 Oo08 
0.094 0°9 1 
0 067 0.64 
00304 2092 
00009 0009 

Oo056 0054 
00191 1.84 
Oo042 0.40 

00132 1.27 
0.0 1 1  001 1 l 

6 

IZ=8o00 Si:AI=6023:1. 77 { 1.77 l (6ol6: 1.84) 
0

.
47 l l / y == 1.46 

XY = 5011 
l J (4o95) 

f X==3 65 

} w = 2078 (2o74) 

' -f OH, F- 1.38 (2000) 

The numbers in parenthesis in the last column are the results, 
if we calculate with full water con tent ( 1.78 %) o 

Column 2 gives the usual molecular quotients. In column 3 these 
are multiplied by the number of oxygen atoms in the respective oxydes, 
in column 4 with the number of metal atoms, thus getting the atomic 
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ratios. From column 3 we find the multiplication factor (here 9.63) 
necessary to bring the oxygen ratios up to the required sum of 24 
oxygen atoms. When column 4 is multiplied by the same factor, we 
get the corresponding numbers of the different metal atoms given in 
column 5. In column 6 they a:re combined in the usual groups. 

The general formula for all lime- and alkali-amphiboles is: 

W2-3 (XY)5 (Z4011)2 (0, OH, F)2 

In W, consisting of lime and alkalies, the lime itself can never 
exceed 2. 

We set aside the alkali amphiboles and may illustrate the devel
opment and subdivision of common hornblende, compared with the 
tremolite-actinolite series, in the following way, according to the prin
ciple of Herman (2). Table 2. His names are intended for the more 
magnesian part of the series, and in that case Y comprises mainly 
the part of the alumina, which does not substitute silica. Ferric iron 
complicates the relation between X and Y. 

l. 
2. 
3. 
4. 

5. 

Species: 

Tremolites . . . . . . . . . .  
Edenites . . . . .. .. .. . .  
Not named 
Pergasites 

. . . . . . . . . 
. . . . . . . . . . 

Hastingsites ... . . .. .. 

Ferro-hastingsite, Funta . 

Tab l e  5. 

w X 

2 5 
3 5 
2 4 

3 4 1/2 
3 4 

2.75 l 3.6 

y Z= Si: Al !sum Al 

o 8 :0 l o 
o 7 :l l 
l 7 :l 2 

lh 6 1/z: l 1/2 2 
6 :2 3 

1.4 6.2 : 1.8 

As will be seen, the sum of X and Y is always = 5, and the sum 
of Si and Al in Z is always = 8. All other variations are not stoechio
metric, but gradual. 

The underlying principle for the subdivision is the gradual sub
stitution of Si by Al in Z, up to the limit 6: 2. 

We start from the tremolite with full Si content. When one Si 
atom has been substituted by Al, the valence is disturbed. It can be 
re-established in two ways: An alkali atom may enter vacant positions 

in the W group (as shown by Warren ) and we get the species 2, 
edenite. (Si= Al, Na.) The same can be .attained when (more rarely) 
l alumina atom substitutes l magnesia atom and we get the species 3. 
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(Si, Mg= Al, Al.) When finally 2 Si atoms have been substil:uted by 

Al, both the above mentioned processes must act to re-establish the 

valence, and we get species 5, hastingsite (2Si, Mg= 3Al, Na). In 

more iron-rich hornblende, however, adjustment is also attained by 

the transformation of 2-valent iron to 3-valent. Hornblende with Iow 

silica seems ther-efore to have a tendency to higher degree of oxydation. 

As pargasites are designated intermediate memhers between edenite 

and hastingsite. 

Berman and Larsen (9) do not use the names mentioned above 

for the high iron members, which are simply called hornblende. For 

hastingsite this would be a too considerable departure from the original 

meaning of the word, and it seems io me that the tripartition of Billings 
ought to be preferred. 

In table 6 is stated from the literature a series of amphiboles, 

chemically and optically known, which may be classified as 'hastings

ites, excludi,ng those with a higher titanium content. They are 
arranged in the order of decreasing mg. They are also plotted on the 
refraction diagram, fig. 1, and may easily be identified by the aid of 
rhe coordinates mg and n. 

All have been calculat.ed according to W arren, and the main points 
of classificatory interest is given in the following columns. Al I means 
alumina, substituting Si, and Al Il alumina substituting Mg. 

Included are three species termed barkevikites and one termed 
hudsonite. 

Th� isomorphous variation of mg covers a wide range, in all other 
respects the chemistry is very uniform. The substitution of Si by Al 
approaches in all cases 2 atoms, the con tent of the W -group appro
aches 3 atoms. On the other hand, the substitution of Mg by Al r,eaches 
in no cases 1 atom and in most of the analyses it is far less. For the 
balance of the valences therefore the Fe"' here plays a considerable 
part. As may be seen from the rubric ox, the oxidation degree is 
consideraible. The richer in iron the mineral is, the more effect has 
this factor. As rhe number of oxygen atoms in the molecule remains 
constant, the "oxidation" may be imagined as a removal of iron atoms. 

The two amphiboles from the basal eruptive complex of Tysfjord 

fit very well into this hastingsite series. So does a r,eoent analysis by 
H. Ramberg (I l) of the skarn hornblende from the limestone of 
Valsøy. 
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Table 6. 

� n ox l Si Al I AIII XY w Reference: 

Magnesia-hastingsite 

0.725 1 1.662 l 0.33 6.35 1.65 0.20 5 22 2.95 Billings, no. VI 

Femag-hastingsites 

0.53 1 1.6783 0.28 6.24 1.76 0.3 1 5.30 2.59 Foslie, no. 22 
0.53 1.68 0.38 6.05 1.95 0 39 5.39 2.96 Ford, no. 9 
0.365 1 1.6903 0.26 6.05 1.95 0.57 Billings, no. VII 
0.32 1.692 0.15 6.20 1.80 0.80 5.04 2.7 1  H. Ramberg, (1 I) p. 76 

Ferro-hastingsites 

Ba. 0.305 1.696 0.25 6.34 1.66 0.36 5.07 3.01 Kunitz, no. 12, Staværnsjø 
0.295 1.6895 0.17 6.20 1.80 0.30 5.00 2.96 -- • Il, Shoal Creek 

Ba. 0.26 1.701 0.28 6.29 1.7 1 0 48 5.18 3.0 1 - Skudesundskjær 
Ba. 0.207 1.704 0.38 5.97 2.03 0.22 4.9 7 3.07 - St. Vincente 

0.143 ? 0.21 6.19 1.81 0.4 1 5.3 7 2.82 Geijer, (6) p. 147 
0.14 1.7055 0.24 6.23 1.77 0.4 7 5.11 2.78 Foslie, Ferro-h. Funta 
0.135 1.706 0.24 6 00 2.00 0.89 5.48 3.06 Billings, no. te 
0.115 1.705 0.25 5.97 2.03 0.80 5.46 3.08 - . Ih 
0.1 15 1.7065 0.28 6.20 1.80 0.12 4.90 2.92 Kunitz, no. 10, White Mts. 
O.D7 1.7053 0.18 6.29 1.71 0.38 5.25 2.7 1 Billings, no. IX 
0.07 1.7 13 0 2 1 6.07 1.93 0.13 5.01 2.74 Kunitz, no. 6, Almuge 

Huds. 0.06 1.710 0.22 6.05 1.95 0.40 5.02 2.9 1 - Cornwall, N. Y. 

In the refraction diagram, fig. l, all the hastingsites of tab le 6 
form a separate curve and fit quite well into it, exoept two (Kunitz 
no. 1 1  and Billings no. IX), w!hich are somewhat lower than the others. 

The original hudsonite from Cornwall, N. Y., seems to be identical 
with ferro-hastingsite, as well in chemical as in optical respect. 

The thæe standard barkevikites, low in titanium (Ba. of table 6, 
smalrl crosses in fig. l), according to the newer analyses of Kunitz also 
show the chemistry of ferro-hastingsites with introduction of alkalies 
into the W-group up to the limit. This mineral has generally been 
pla,ced in the series: barkevikite-hastingsite-kataphorite-arfvedsonite, 
and should therefore be expected to be lower in alkalies than the 
hastingsites. The present calculation does not support this. In optical 
respect they are known, however, to show certain peculiarities, e. g. 
the absorption colours. Their indices of refraction (fig. l) seem really 
to lie slightly aibove those of the 'hastingsites, but very inconsiderably. 
The oxidation degree is not fundamentally different from the others. 

The hastingsitic amphiboles originate from: alkali ne eruptives, 
syenites, granites with their pegmatites, and highly metamorphic lime
stones. 
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Amphiboles  of  the  epidote-amphibol i te  fac ies. 

For comparison is given the results of calculation, according to 
the Warren method, of the other amphiboles from Tysfjord. Table 
7 and 8. Their chemical composition was given in table 2. 

Si 

No. 

o • • • • • •  

Al ....... 

2 l 1 7  

7.0 1 6.76 
2.11 2.19 

Table  7. -
l 3 1  1 5  

6 . 75 1 6 81 
2.31 2.58 

28 16 l 4 l 18 

6.76 6.92 6.79 6.8 7 

2.54 2.20 2.30 2.3 0 

Ti . ..... . 0.0 2 0.04 0.06 l 0.035 0.07 0.025 0.0 25 0.0 75 

Fe"' . ... . 0.045 0. 21 0.26 0.1 0 0.23 0.455 0.285 0 545 

Mg ....... 3.335 3. 0 7 2.7 2 2.36 2.2 0 2.165 1.81 
Fe'' . .. ... 0.80 0.7 1 0.85 1.1 5 1.18 1.15 1.58 

Mn . ..... 0.0 1 0.0 35 0 03 0.01 - 0.035 0.0 2 

Na ....... 
Ca ....... 
K . . . . . . . . 
OH .... .. 

l 0.2 05 

l 1.57 0.085 

1.6 7 

0.3 05 1 O 29 
1.73 1.8 25 

0.06 l 0.085 

2.16 1.8 1 

0.2 75 1 0. 205 

1.91 , 1.8 0 

0.0 3 0.2 05 

1.44 1.6 1 

Table 8. 

0.64 

1.5 7 

0.0 5 
1.7 1 

Summary of the results above. 

Analysis no. 2 . . . . . . . . . . 7.0 1 0.99 1. 12 

» . 
> 

> . 
» 

1 7 . .. ....... 

31 . .. ... .... 

1 5  .......... 

28 ..... . .... 

16 ..... . ... .  
4 o • • • • • • • • •  

18 . . . . . . . . . .  l 

6.76 1.24 0.95 
6.7 5 1.2 5  1 .06 

6.81 1.19 1.3 9 

6.76 1.24 1.30 

6.9 2 1. 08 1.12 

6.7 9 1.21 1.0 9 

6.87 1.13 1.1 7 

0.46 
1.7 0 

0.13 

2.18 

XY 

5 .33 

5.02 
4.98 
5.04 
4.98 
4.95 
4.8 1  

4.8 8 

1 . 54 
1.53 

0.02 

0.66 

1.5 7 

0.035 

1 .76 

w 

1.86 

2.10 

2.2 0 

2.21 
2 . 21 
2.26 

2 29 

2.26 

A survey of the last seven of these analyses, from amphiboles, 
belonging to the same facies, shows a remarkable mutual similarity 
and fmther a profound difference from the hastingsite series. 

The substitution of Si by Al is much less, amounting to only 
1. 1-1.25 atoms. The entrance of alkalies into the W-group is also 
much less. In the two analyses with a somewhat higher soda content 
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(no. 16, 18) a considerable part of the soda seems to replace Ca, and 

only a small part to occupy the vacant places in the lattice. Thus the 

W in no cases considerably exceeds 2 atoms. 

The most interesting feature with these analyses is, however, the 

very considerabl·e substitution of Mg by Al, much more than in the 

hastingsite seri.es. On the average about half of the total alumina 

substitutes Si, the other half Mg. This substitution alone is thus suf

ficient, in many cases, to re-establish the valence. Theoretically a 

complete balance of �he valences should dem and: Al I = Al Il + 
(W--;- 2), but such an exact balance is rarely found: It is to the 

second power dependent on an exact determination of the Si, and 

seems moreover not to be quite necessary. 

A substitution of l atom or more of Mg by Al seems to he com

paratively rare among the amphiboles treated in literature. It leads 

to the spe eies type no. 3 (tab le 5), which has got no name in the new 

classification. Further stucHes must show if �his is really characteristic 

for amphiboles, formed under certain facies conditions. 
Also in optical respect the series shows a remarkable regularity. 

The refraction points (fig. l) for.m a nearly straight line about mid

way between those of the actinolite and hastingsite series. 

Amphibo'le from the nor i te  f ie ld. 

At last we regard the analysis no. 2. It is closely related to the 

amphiboles just treated, only wi�h a slightly higher Si, and its refraction 

fits well into the same line. This is somewhat surprising because it 

apparently belonged to the pure amphibolite 'facies, without formation 

of epidote, and occurred in paragenesis with bytownitic pJ.agioclase. 

In the present noritic rock this circumstance has no significance, how

ewer, because epidote would have no chanoe to be formed, even within 

its range of stability. The original con tent of Ca-free pyroxene (en

statite) was sufficient to absorb an excess of lime from the anorthite 

during amphibolitization. As moreover the original plagioclase was 

very basic ( An77), its small albitic component could als o for the gre a ter 

part enter into the amphibole molecule, giving rise to the small amount 

of free quartz. Thus the plagiodase was not decalcified, but bodily 
digested, so far as the quantity of pyroxene reached. 
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The main molecule of this amphiboJe, according to tab le 5 is: 

H2CaiMg4A12Si7024 

and the reactions have mainly been: 

CaAI2Si108 + CaMgSi106 + 3 MgSi08 + H10 = H2Ca2Mg4 <\12Si7014 
anorthite diopside enstatite hornblende 

2 CaAI2Si208 + 4 MgSiOs + H20 = H2Ca2Mg4Al2Si7024 + AI11Si05 
anorthite enstatite hornblende kyanite 

The alumina sHicate will in most rocks enter into minerals like 
garnet, m1ca, staurolite, or cordierite. In this noritic rock the K20 is 
too low for mica, the iron content (mg= 0.78) and the oxidation 
degree ( ox = 0.05) too low for garnet and staurolit·e, the Si02• too 
low for cordierite. l'hus it follows that kyanite has here become the 
stable mineral and is really also present to the amount of more 
than 4 %. 

We have thus got the paragenesis: 

plagioclase - hornblende - kyanife/ 

which is very rare for an eruptive, massive rock unaffected by stress. 
To which facies this belongs is not especially known, but as it is 

the result of the special chemistry of the rock, the temperature con
ditions may have been the same as when epidote was formed in the 
other rocks. 

From table 8 it is further seen that among the amphiboles treated, 
this is the only one with W below 2 (not ·allowed for Ca-amphiboles) 
and at the same time with XV considerably above 5. One might there
fore suspect that a small amount of a Ca-free amphibole were present. 
This should eventually be an antophyMite (gedrite), because in a rock 
with so high an MgjFe proportion as here, cummingtonite could not 
be formed, according to Sundius (13). None of them were found, at 
!east .not in independent individuals, but in an aggregate of colourless 
amphiboles with nearly the same indices of refmction and abundant 
of twinning lamelrla•e, a lamellar or pat·chy intergrowth of them would 
be difficult to detect. 

' C. E. Tilley (14) has described kyanite..,garnet-amphibolites, derived from 

eclogites. 
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Conclusions. 

The correlation of chemical and optical properties within the 
group of alumina-bearing Ca-amphiboles is very complicated on 
account of the many variable factors. It has therefor.e proved advant
ageous to study series of amphiboles, formed under similar physical 
conditions. 

In such a series it appears that the number of variables may be 
reduced to one, namely the MgjFe ratio, which may cover, however, 
a very vide rang�e, because it is dependent mainly on the chemistry of 
of the rock and not of the physical conditions. In all other respects 

the content of the molecule remains constant. Therefoæ we get a 
good correlation between the indices of refraction and the said ratio, 
which is the most important factor in influencing the refradion. 

The next factor of importance is the alumina, but not the total 
amount of alumina. Warren has shown that it plays a dual part, 
namely as substitute for silica and as substitute for Mg-Fe. If we now 
compare the amphiboles from the �epidote-amphibolite facies of Tys
fjord with the corresponding memlbers of the hastingsite series, e. g. 
the femag-hastingsite no. 22, it appears that they have an alumina 
content of the same order of magnitude, partly even higher than the 
hastingsites. Nevertheless their indices of refraction (fig. 1, middle 
curve) are considerably lower. 

We must condude, therefore, that the alumina substituting silica 
(Al I), has the main influence upon the refraction. Tlhe other part 
(Al Il) scarcely seems to hav,e any effect at all. To similar conclusions 
Winchell (19, p. 26 1) has arrived by studying edenitic amphiboles. 

We therefore hit the point hetter by saying that the second factor 
affecting the refraction, is the deficiency in silica. 

It makes a very considerable difference in the silica content when 
Si diminishes from 8 to 6 atoms. A glance at the analysis is generally 
sufficient to decide, to whkh or between which species the amphibole 
belongs. The weight percent of Si02 for the main types (referring to 
table 5) is given below, the first figme referring to the pure magnesian 
member, the second to tihe ferrous iron member: 

Z=B. H�Ca1(Mg,Fe)aSis024 Tremolites 

Z=7. H1Ca2(Mg,Fe),AI2Si,024 
Z=7. H1NaCav(Mg.Fe)6A!Si,O,, 

Z = 6. H2NaCa1(Mg,Fe)4AisSie02• 

No name 

Edenites 

Hastingsites 

59.3 °/o -· 49 5 Dfo 

51.7 • - 44.7 • 

50.5 • - 42.3 • 

43.2 • - 37.5. 
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Now it must be kept in mind that the molecules above are only 

··standard" molecules. The substitutions are gradua,J between certain 

Iimits. Thus most of the "green amphiboles" of Kunitz ( 8) belong 

between the middle and upper curve of fig. l. 
The question arises whether the whole field between tremolites 

and hastingsites represents possible amphibole compositions, or if there 

are gaps of immicibility between them. The material is not yet suf

ficient to decide the question, and there are differences of opinion. 

Beskow in his interesting paper of 1929 (3, p. 234) gives a dia

gram comprising just the Si02-content of the amphiboles and en

deavours to show that there is such a gap between the tremolite series 

and the amphiboles, rich in alumina. Berman (2, p. 387) express•es 

a similar opinion. Kunitz (8) and Winchell (19) on the other hand 

condude that there is a gradual transition between them, Kunitz 

maintains even a transition to the glaucophanes. 

I have tried to give a general view of the situation in the diagram 

fig. 2, where Al I (substituting Si) is plotted against Al Il (sub
stituting Mg). 

It contains cakulations of the amphiboles, mentioned in the 
present paper and others from Kunitz, Winchell etc. 11he places of the 
standard molecules are given by heavy rings. 

It appears that very probably there is a transition from tremolit·e 
at !east to edenitic amphiboles, and further that amphiboles really 
rich in AI Il do not occur before Al I exceeas 1 atom. The frequency 
of the points is very different, however. Over a considerable field they 
are v•ery scarce. 

It shows further the special position of the amphiboles from the 
epidote-amphibolite facies, treated in this paper. As mentioned before, 
their composition is calculated from the rock analyses, and the only 
point of some difficulty is to get their correct Si02 content. The Iittle 
arrow to the ,Jeft gives the direction in which these points would move 
if there were some mis-cakulation in this respect. For the rocks rich 
in hornblende, the Ienght of the arrow gives the approximate distance 
the points would move, if the rock contained 1 % moPe quartz and 
consequently 1 % less hornblende than calculated. Differences of a 
greater order of magnitude are improbable. Moreover the Iow indices 
of refraction in proportion to the content of total alumina is also a 
proof of their special position. 
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Fig. 2. Composition of Ca-amphiboles. 

Al l (substituting Si) plotted against Al Il (substituting Mg). Heavy rings show 

the position of the standard molecules. (Gl= glaucophane.) 

Point with vertical stripe = hastingsite analysis. 
Point with horizontal stripe = amphiboles from the epidote-amphibolite facies. 

Another point of interest may be mentioned in connection with 
the curves of fig. l. The MgjFe ratio shows a serial variation, which 
is expected to cover the whole range fr·om the pure Mg- to the pure 
Fe-mineral within all the amphibole types treated here. The frequency 
shows, however, a very considerable difference. · 

Within the tremolite-act-inolite series the relatively Mg-rich mem
bers are in great majority. Actinolites with lower mg than 0.7 are 
already rare. Within the region of the intermediate curve, mem'bers 
with a medium mg ratio ar-e predominant. Within the hastingsite 
series, the Fe-rich members on the contrary, are in great majority. 

Already in 1929 T'h. Vogt (17) has shown that the Al-bearing 
amphiboles are only stable at higher temperatures, as distinct from 
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the actinolite series. The broader knowledge of to-day of the amphi
boles will permit a more refined classification. There is every reason to 
believe that the increasing substitution of Si by Al mns parall:el with 
the temperature of formation and may be of importance for the facies 
classification, when sufficient ·experience has been obtained. 

For the same reason a correct determination of the amphi'bole is 
important. In petrographic literature it is often seen pretended that 
an amphibole with mean index of refraction of 1.645 or less belongs 
to the actinolite seri•es. As appears from the ·curves of fig. l, it is 
sometimes necessary to be careful with such a conclusion. 
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