
ON THE TRICLINIC MANGANIFEROUS PYROXENES

N. SuNprus, Stockhol,m, Swed.en.

(Continued from page 429)

MINERAL DESCRIPTIONS

RsoroNtrBs

The following rhodonites have been examined optically and
chemically: rhodonite from Vittinge in Finland, rhodonite from
Harstigen and three specimens of rhodonite from LSngban. Also
optical determinations have been made on three other specimens
from Sweden, one from Lingban and two from Dalsland. The speci-
mens studied comprise mixtures of 70-95 mol. per cent of MnO."

RgooowrrB rnolr VrrrrNcB

A description of the mineral deposit at Vittinge was published
by M. Sax6n2e several years ago. According to him the rhodonites
of this occurrence show some variations as to color, some species
being light red, while others are more brownish. This depends on
the amount of iron, the FeO-content in three determinations vary-
ing from 0.27 to 3.70 per cent by weight. An analysis of the brown-
ish-colored variety gave the following result (analysis by N. Sahl-
bom):

The refraction was shown to be raised by the presence of FeO as
follows:

SiOz
TiOz
AlzOs
FeO

FeOTo
0Nu

46.57
0.00
o.73
3 .70

MnO
CaO
Meo
HrO

46.28
1 . 6 0
0 . t 2
0 . 7 2

99.72

3 . 7 0
r . 7 3 4

0 . 2 7
t . 7 2 9

1  . 5 8
t . 7 2 9

The determinations referred to in the following were made on a
specimen from the collections of the State Museum (RM. No.
6296). The specimen is composed of a granular aggregate of rose-

2s Fennia 45 (No. 11), 1925, p. 15.
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colored rhodonite and quartz As no other minerals are present and

the rhodonite holds only a few inclusions of quartz, it was easy to

obtain it in a pure state. The separation was made with the aid of

Clericits solution. On account of the granular character measure-
ments of the refraction on a total refractometer were not possible.
The values of a and 7 obtained on tbe powder by means of the im-
mersion method rvere 1.733 and I.747. The double refraction is
0.014. A direct measurement ol 7-a and B-a gave as a result
0.014 and 0.004. Thus 6 can be calculated as t.737. The measure-
ment of 2Y, on a universal stage gave as an average reading
61'(+0.5o;.40 If we calculate 2V" from the indices, weget thevalue
6+"++'. This implies an error of about 0.001 in the determinations
of the indices and the double refraction.

The analysis made by Dr. A. Bygd6n is given as No. 1 in Table 1.

In slides the rhodonite shows thin twinning lamellae parallel to
(010). The mineral is clear and free from traces'of deformation.
Readings were obtained on sections cut at suitable angles to the
chief cleavages and the "y bisectrix. The resulting positions are
shown in the stereographic diagram of Fig. 8, where all correspond-
ing determinations on the minerals studied are collected. The aver-
age values obtained from five measurements are quoted below. As

d:0, the cleavage plane (110) is accepted.

110): (II0) q
I

(olo)'

92"44', 43 .9 ' (+1 .6 " ,312 .6 "  (+0 .9 " )140 .9 ' (+5 .1 )137 .8 ' (+0 .3 ' )

900 8 6 . 3 ' ( + 1 . 1 65 .3 "  (+0 .9 ) 25.2"  (+1.2 ' , 900

'According to measurements on twinning lamellae.

The cleavage angle was measured on a goniometer on cleavage
prisms. On account of the small size of the prisms the value given
above is only approximate, within the limit of about 20/. The spec.
gravity, found by using the floating method and the Westphal bal-
ance is 3.70.

RgorontrB lnou HansrrGeN

The sample received from Prof. Hamberg consisted of two trans-
parent crystals of a maximum size of 8-10 mm. According to Ham-

30 The figures within parentheses indicate the greatest difierence between the
everage values and the separate measurements.
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berg the crystals belong to his type a c r k. The corresponding anal-
ysis, therefore, is No. 4 (anal. G. Paykullsl). This.analysis is quoted
as No.2 in Table 1. Moreover all analyses made on the Harstigen
rhodonite are very similar, only the iron-content in some cases is a
little higher than in the analysis quoted here. A polished artificial
facet on one of the crystals gave distinct lines of total reffection.
The following values were recorded: a: I.7208, 9: I.7251,
y:1.7326. The corresponding calculated angle for 2Y, is 74.3".

The preparation of slides from the crystals offered difficulties on
account of the splitting up of the mineral along the cleavages. It
was necessary to melt fragments in glass and cut the melt. But a
close orientation of the slides was rendered impossible and on ac-
count of this dificulty no slide perpendicular to 7 was obtained.
The measurements of the axial angle, therefore, had to be made on
the bisectrix a, only one of the optic axes being accessible. The av-
erage of six measurements gave as a result V,:52.5o*1", ani
from this 2V" becomes 75.8'.

As a control the refraction was determined on another crystal,
taken from the collections of the State Museum (RM. No. 13360).
The crystal belongs to the type c k r d of Hamberg and the corre-
sponding analysis No. 2 of Hamberg's table is almost identical with
that quoted by me. On this crystal a measurement of the dispersion
also was made.

red (656.3pp) r.irss t.fzzo t.lsoz 
'l;"fr\,

yellow (Na light) 1.7206 1.7249 L7324 74o34'
sreen (485.15pp) 1.7337 1.7383 1.7458 75"58'

G. Flink, loc. cit., determined the axial angle of the Harstigen rho-
donite as 75o57'for red (Li),76"12'for yellow (Na), and 76"22tfor
green (Tl). The axial angle for yellow was found by Des Cloizeaux
as 75"4'.

The cleavage angle is given by Flink as92"29', by Hamberg as
92"21t-92"23l. On fragments of the crystals f found angles of
92"13'-92"37 / and as an average 92"25'. The spec. gravity was de-
termined by Dr. Bygd6n by weighing in air and in water, and by
the floating method. The resulting average was 3.616.

The following coordinates for the optical orientation are the av-
erages from seven measurements on sections cut obliquely to thg
cleavages:

8L Op. cil., p. 572, 1891.
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6
p

40 .2 "  (+2 .6 ' )
8 0 . 3 " ( + 1 . 7 ' )

* According to goniometrical measurements.

A more complete examination of the Harstigen rhodonite has

also been made by Hey. The values found by him on the whole

agree well with those of the present writer. He found: a:t '720,

9 :  L l  25,  t  :  I .7  33,  2Y,  :  7  5" ,  spec.  grav i ty  :  3 .6 15.

RnoooNrrn rnoM LANogAN-SPEcTMEN 1

The specimen examined (RM.13448) consisted of crystals of a

thick tabular habit which had grown from a granular aggregate of

rhodonite and small grains of a brownish mineral, which was not

studied in detail. The size of the crystals varied from 3-10 mm. in

the Iongest dimension. For the investigation only the tabular crys-

tals were used. This rhodonite evidently was the first instance

showing that the properties of rhodonites and those of bustamites

do not vary according to the relations of an isomorphic mix-series.

This was shown when an analysis had been made of the crystals.

To exclude the possibility that a zonal structure or the presence of

impurities might have influenced the positions of the corresponding
points in the diagrams a second analysis was made by Dr. Bygd6n.
'For 

this analysis the crystals were powdered and the powder was

carefully treated with Clerici's solution. A few small grains of the

brownish mineral were thereby removed. The spec. gravity deter-

mined on the powder by the floating method was 3.573. On the

crystals first analyzed determinations by weighing in air and water,

and by the floating method had given a similar result of 3.575. Both

the analyses are quoted in Table 1 as Nos. 3 and 4, the former re-

ferring to the analysis first made, the latter to the second. As may

be seen from the table, the purifying of the powder has exercised a

sensible, though not great, effect on the values recorded. For the
point in question whether rhodonites and bustamites belong to an

isomorphous series or not, the difierences in ttre two analyses are of
no importance.

On polished facets on two of the crystals the following values of

the refraction were recorded:

92025'"
900

303 .7 "  (+3 .7 )
56 .6 " (+3 .6 " )

t43.3"  (+2.9")
35 .8 ' (+3 " )
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1 .  1 . 7 t 3 2
2 .  r . 7 1 3 0
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2Y, calc.
6 7  . 5 "
69 .2"

The average value of the axial angle becomes 68.4o. The average
of six measurements of V. in slides cut nearly perpendicular to a
(only one axis was accessible) was 56o. From this 2V" becomes
68'(+0.7). In this case also fragments of the crystals had to be
melted in glass and no section with both axes accessible was ob-
tained.

Besides isolated small inclusions of the brownish mineral (schef-
ferite?) the rhodonite contains quite small lamellar inclusions of di-
opside arranged in the manner described in the general discussion.
The number of the lamellae is somewhat variable, but in general
they are not numerous and the inclusions would easily escape at-
tention if they are not seen in sections parallel to (001).

The coordinates of the bisectrices resulting from four measure-
ments on two sections are as follows:

(T10):(n0) a B (oTo)u

92"13'" 3 8 . s " ( + 1 . 2 " )298 .2 ' (+1 .5 ' ) r43.2"  (+t .6 ' ) 136.7"

900 77 .5 "  (+0 .9 ) 5 2 . 3 ' ( + 1 . 3 ' ) N . 6 "  ( + 1 . 2 " ) 900

a From goniometrical measurements.
b According to one measurement on twinning lamellae.

RnoooNrrB lnou L,8,NcnAN-SpECTMEN 2

The appearance of this rhodonite is similar to that of the preced-
ing one. A part of a larger crystal was used for the determinations.
The specimen used belongs to the collections of the State Museum
(RM. 13448). When studying slides of the crystal selected it was
shown that this rhodonite was less homogeneous than Specimen 1,
and that it contained a considerably larger number of "perthitic"
inclusions of diopside. In addition to this there occur small grains
of the same mineral which are not uniformly oriented, and not
homoaxial intergrown with the rhodonite. On these grains y-a
was determined as 0.029 and the axial angle as about 55o. The
refraction is somewhat lower than for the rhodonite. The same
cleavages are seen as in the rhodonite. These properties agree with
those of diopside. A conspicuous feature is that the perthitic in-

p

r . 717 |
t . 7 t7 r

r . 7260
r .7259
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clusions are very richly distributed along irregular, fissurelike

streams in the rhodonite. Also, on the whole, the amount of the

perthitic diopside varies, some parts of the rhodonite being clearer

and almost free fron inclusions, other parts being clouded by

them. Figs. 5 and 6 show two reproductions from parts of the

slides that are rich in diopside.
Besides diopside there are present several small grains of a color-

less undeterminable mineral (amphibole?, optically neg., 2 V'

large).
Before making the analysis the powdered rhodonite was treated

with Clerici's solution, the limits of the gravity of the solution

being kept as near to that of the rhodonite as possible. In this way

a homogeneous powder was obtained which would be practically

free from the diopside grains but not free from a1l perthitic inclu-

sions, the greater part of which may be included in the analysis'

Their amount, on an average, is probably about 2-3 vol. per cent'

The analysis made by Dr. Bygd6n is quoted as No. 6 in Table 1.

The refraction measured on a polished plate, taken from the

crystal analy zed,gave as a result : a : 1.7 l l2, P : 1.7 153, I : 1.7 239'

The corresponding calculated angle for 2 V, is 69'5o. Direct meas-

urements on 7" (only one axis was accessible) had shown it to be

55.8"; 2V, calculated therefrom was 68.4o. The spec. gravity

determined by the floating method was 3.563.

Measurements on the optical orientation showed it to be similar

to that of specimen No. 1 from Lingban. In the slides twinning

lamellae parallel to (010) are visible.

RuoooNrrn FnoM LAIvcgAN-SPECTMEN 3

This specimen was kindly sent, at the request of the present

writer, from the Mineral Department of the British Museum by

Dr. M. II. Hey. It is the same specimen (BM. 43473) which had

been examined before by that writer, who had studied the busta-

mite associated with the rhodonite. The specimen consisted of a

cleavage piece about 2 by 3 cm. in size. When examined in a slide,

it was found to be rather nonhomogeneous. The dominant mineral is

rhodonite, but included in it are the following minerals: bustamite,

calcite, quartz, some micaceous pseudomorphous substance, and a

small amount of the usual perthitic diopsodic inclusions. The bus-

tamite is intergrown with the rhodonite, the different patches of

the former present in the slide showing the same optical orienta-
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tion, but this orientation does not agree with that of the rhodonite.
The axes of the cleavage zone oI both minerals form an angle of
about 20" with each other. Furthermore, the obtuse cleavage angle
of the bustamite runs in the same direction as the acute angle of
the rhodonite. To judge from the description by Hey it is probable
that the material of the bustamite, picked out by him from a
crushed part of the specimen, may have come fr.om some larger
homogeneous masses of bustamite. In the material studied by me
the quantity of bustamite was subordinate. At a preliminary sepa-
ration of the minerals there was obtained 0.175 grams bustamite,
0.493 grams rhodonite and 0.078 grams quaftz; calcite and mi-
caceous pseudomorphs. These figures give an approximate idea
of the relative amounts of the minerals contained in the specimen.
From the powder the calcite was dissolved by hydrochloric acid
and then the rhodonite was purified in the usual way. It could be
obtained practically pure, the only impurities visible in the powder
being small perthitic inclusions of diopside. The analysis made by
Dr. Bygd6n is quoted as No. 5 in Table 1. It corresponds to the
highest Ca-bearing member of the rhodonite series found by me,
and on account of the paragenesis with the bustamite it is not
probable that varieties with any considerably greater amount of
CaO exist, unless MgO should be completely replaced by CaO.

On a polished facet of the specimen the following values of the
indices were recorded:  a:  l .7 IS7,  g:1.7203,  z :1.72g1.  From
this 2 V, becomes 75.7o. From direct measurements on Zo the
value 74" is obtained for 2 Vr. The spec. gravity of the powder was
determined by the floating method as 3.581.

On grains melted in glass and cut obliquely to the cleavages, as
on slides about perpendicular to a, the optical orientatron was
found to be about identical with that of the two preceding speci-
mens from Lingban. The angle of the cleavages, according to
goniometrical measurements, is 92"24, .

Oprrcar, DnrnnurNerroNs oN Orrren RnonoNrrps

fn connection with the researches summarized above, measure-
ments of the refraction were made on rhodonite from Ltngban
(RM. 13584), from Klapperud, Dalsland (RM. 13260) and from
Kesebol, Fr0skog, Dalsland (RM. 2S01S1). The f.rst-named speci-
men consisted of large anhedral rhodonite individuals occurring
together with thaumasite and several other minerals, not deter-
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mined; the second was a fairly large homogeneous cleavage mass;

and the third consisted of crystals grown in a fissure, filled with

qluartz. The determinations were made on a total refractometer
and the values recorded are the following:

a

L6,ngban 1.7158
Klapperud 1.7167
Kesebol 1.7t71

All these values correspond to mixtures of from 22-25 mol. per

cent of Ca (Mg) SiO3 (see diagram in Fig. 10).

BusraurrBs

The bustamites can be distinguished macroscopically from the

rhodonites by a more intense pink color and by its fibrous and

radiating structure, which is due to the better development in this

mineral group of the cleavage parallel to (010). The material stud-

ied and reported in this paper comprises four specimens, three

from Lingban and one from Franklin Furnace. Also determinations
of the axial angle was undertaken on a series of specimens from

the same localities.

BusraurrB rnolr LANoBAN-SPECTMEN 1

The analysis corresponding to this specimen was originally

made for the State Museum by its chemist R. Blix and was kindly

placed at the disposal of the present writer. It is quoted as No' 7

in Table 1. According to the analysis this bustamite is the richest

Ca-bearing bustamite studied by me, the molecular ratios of CaO:

Mn(Mg)O being nearly 1:1. In the specimen the bustamite is asso-

ciated with a brownish mineral, showing the same cleavage as a

pyroxene (probably schefferite). The bustamite forms a granular

aggregate, but homogeneous individuals were obtained of a size

suficient to permit measurements on a total refractometer.
The following values were recorded:32

^y 2Vo calc.
1.68458 40028'
r.68670 40056'
1.69856 43"12',

p

t .7 t99
1 .72 t5
1 .722 r

r .7284
1.7298
| .7299

2V, calc.
70 .2"
74 .6"

Red
Yellow

Green

a A
(656.3pp) 1.66977 1.68280
(Na-light) r.67198 1.68493
(485.15pp) 1.68342 1.69648

32 In the case of axial angles of the small size occurring in the bustamites a

change even in the fourth decimal place produces a considerable efiect on the cal-

culated angle. On tlis account the original values obtained through measurements

are quoted unreduced.
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Thus the dispersion is of about the same order as in the rhodo-
nites. The axial angles resulting from direct measurements on a
universal stage are as follows: red:40.2o, yellow:40.5o, green
:43o.

On a bustamite from LtngbanrDes Cloiseaux found the following
axial angles: 2 E, red,:68o, green:72o. When using the B-values
quoted above, we get 2 V": j9"46' and 40o32'. ft remains unde-
cided, however, whether the specimen used is of the same composi-
tion as specimen 1 or of one of the specimens to be described later.

fn slides the ordinary cleavages are visible but the cleavage
parallel to (010) is better developed than in the rhodonites. No
twinning lamellae are seen parallel to the face named but parallel
to (110) simple twinning is common. On the powder of the analyzed
specimen I found the spec. gravity to be 3.317.

The average coordinates of the bisectrices according to six meas-
urements on difierent grains are given below. The position of (OtO)
is the result of two measurements on the universal stage, the angle
of the cleavages was determined from measurements on a goniom-
eter.

:(r-ro)l . I p I t | (oro)

94035'
900

M ' 0 "  ( ! 1 '
8 2 . 2 "  ( + 3 .

143 .9 "  (+3 .
3 6 . 8 "  ( + 3 .

308.8' ( + 4') t40.2 ' (+0.4. )
90"5 3 . 8 ' ( + 3 .

Busreurrn, rnoM LANcsAN-SpEcrMEN 2

This specimen of bustamite had been analyzed previously by G.
Lindstrijm (RM. 13397).33 His analysis is quoted as No. 8 in Table
1. According to the analysis this specimen is considerably richer in
MnO and poorer in CaO than the preceding one. Otherwise the
chemical differences are small. On a larger individual of the original
specimen the following values were obtained on the refractometer:
a:1.68153,  0:1.69487,  7:1.6969I .  The axia l  angle calculated
from the indices is 42"54t. On the powder of the bustamite the
angle was measured as 43.3o. For the spec. gravity I obtained by
the floatation method the value of 3.386. Lindstrtim's value is.3.40.

The coordinates resulting from two measurements are given
below. The cleavage angle is determined by goniometrical measure-

3a Kungl. Ver. Akad. 1aers, 1880, 53.



TOURNAL MINERALOGICAL SOCIETY OF AMERICA 497

ments. On account of the somewhat deformed condition of the
grains the value recorded is only approximate.

6
p

3 1 1 . 8 ' ( + 0 . 2 ' )
70 .2 ' (+5 .6 " )

142.5"  (+4.7")
20"  (+5.5)

Busuurre lnoM LANcseN-SpBcruBu 3

The specimen is that from which the rhodonite from Lingban,
spec. 3, was separated (BM. 43473). Of the bustamite associated
with the rhodonite only a small quantity (0.23 g) was obtained
practically pure. The impurities present were a few small remnants
of rhodonite adhering to the bustamite. The spec. gravity of the
powder was 3.410. The corresponding analysis by Dr. Bygd6n is
No.9 in  Table 1.

An analysis of bustamite had been made previously by Hey. The
values found by him are given below under column 2. They agree
rather well with those of Bygd6n, which are quoted under 1. The
greatest difierence is to be found in MgO, the amount of which is
very small in the analysis by Hey. The difference between the
values of this oxide in the two analyses corresponds approximately
to the deficiency in the total sum of the analysis by Hey. Hence
it seems probable that the value for MgO in his analysis is too low.

2
47 .69
0.43
0 .05
1 .93

32.93
o .o2

t5.24
0 .29

100 .05
'Determined as FezOa.
b In the sum 0.07 ZnO is included.

98.65b

The refraction of the bustamite could not be determined by the
total reflection method. By immersion T was found to be 1.7029.
fn a slide nearly perpendicular to p the double refraction T-cy was
measured as 0.015-0.016. From this a becomes 1.6874 and from
thb measured axial angle B has been calculated as 1.7014. The axial

SiOz
AleOt
FezOs
FeO
MnO
Mgo
CaO
Ign. loss

1
48.31
tr.

1  .87"
33.04

1 . 9 0
14.93

43 .7 ' (+0 " )
86.6 ' (+0")
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angle 2V. recorded in the slides was 36.20. On a fairly large inclu-
sion in the rhodonite the angle of the cleavages was goniometrically
measured as approximately 94"57' .

fn order to obtain sections suitable for measurements of the
optical orientation the powder was melted in glass and cut. The
coordinates of the bisectrices resultine from three measurements are
siven below:

144.1"  (+2.r ' )
1 3 . 1 ' ( r 2 . 8 ' )

The values of the optical properties recorded by Hey are the fol-
lowing:  a:1.695,  F :  I .703,  t  :  1 .7 l0;  27"  approximately :84o 34

spec.  grav i ty :3.418.

BusreumB lnolr FnaNrLrN FuRNACE
The specimen (RM. No. 24301) studied consisted of a coarse

granular aggregate of bustamite, white or feebly yellowish-white
willemite and franklinite. The bustamite was picked out by hand
in ultraviolet light. Though great care was taken, small inclusions
of willemite remained in the resulting powder. The small content
ol ZnO shown in the analysis may, therefore, at least be partly
caused by them. The spec. gravity of the powder was found to be
3.324.The resulting analysis, made by Dr. G. Assarsson, is quoted
as No. 10 in Table 1.

On the total refractometer the indices of refraction were meas-
ured as:  a: I .67493,  B: I .68766,  t :1 .68973.  2Vo calc .  f rom the
indices is 43"32' . The angle directly measured is 44.6'( t 0.3'). The
average coordinates resulting from three measurements on dif-
ferent grains are:

(oro)

4 4 . 1 ' ( +  1 . 8 )
8 3  8 ' ( + 0 . 8 " )

3 1 0 . 1 " ( +
57  .7 '  (+

143.3"  (+2.
s 3  2 "  ( + 2 .

140.2"  (+0.8 ' )
90"

46 .s "  (+2 .7 " )
8 7 . e ' ( + 0 . 1 ' )

3 1 6 . 3 "  ( +  1 . 1 )
7 6 . 8 ' ( + 3 )

' According to goniometric

3a This angle was not measured directly, but it was obtained by construction.
According to a personal letter from Dr. Hey a mistake with an angle was made in the
construction. If the correct angle is used the result will agree with that of the
present wdter.
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In the slides simple twinning is seen parallel to (110). Thus the
twinning face is not the same as in the first described bustamite
from Lingban, but otherwise both the optical and the chemical
properties are similar to those found on that specimen.

The bustamite from Franklin Furnace has been studied chemi-
cally and opticallS' by E. S. Larsen and E. V. Shannons5 and by
M. H. Hey. The analyses indicate only small 'variations in the
chemical composition. The content oI ZnO in the analyses may, for
the most part, arise from inclusions of wil lemite. The optical data
given by the writers named show some departures from the values
recorded by me. The figures given by the former and those found

by me are compared below.

Mol per cent

Larsen and
Shannon
Hey
Sundius

43  . 01
46 65
49.23

0 4 5
0 . 0 9
0 . 6 1

94'55
95 '13
95"11

a The mean of the calculated and the measured angles.

The axial angles calculated from the indices, as determined by
the two first named writers, are 43o38' and 62"2t. In both cases
the refraction seems to have been determined by the immersion
method.

TrrB Axrar, ANcr,rs ol OrHER Busreurros lnou
LANCSAN AND FRANKLIN FURNACE

The survey of the axial angle of bustamites is rather easy to
make on the powder of the mineral embedded in Canada balsam,
because bustamites are negative with a small axial angle and a
is directed nearly perpendicularly to the axis of the cleavages.
Most of the specimens from Lingban present in the collection of
the State Museum were investigated in this way. Only in two
cases were ordinary slides made. In all cases I obtained axial angles
around 40"-44". On one specimen from Franklin Furnace with an
angle of 44.7o the orientation of the bisectrices was measured and
found to be similar to that of the sample analyzedfrom this locality.

From this survey it appears that the axial angle of the bustamites

a6 Am. Mineralogist, 1922, vol. 7, p. 95.
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shows only small variations. Probably, therefore, the value 50o-55o
found by one of the writers cited above may be due to some error.

InoN RnoooNrrEs aNo Soenaurn

The rhodonites proper and the bustamites are characteristic
minerals of the oxidized Mn-ores which are associated with oxi-
dized iron-ores but are poor in ferrous iron. The Fe-rich varieties of
the rhodonite group, here named iron rhodonite and sobralite, on
the other hand, accompany eulysitic skarn ores, composed of
minerals rich in ferrous silicates as knebelitic olivine, spessartite,
and hedenbergitic pyroxene. Mineral occurrences of this kind con-
taining triclinic pyroxenes of the species named are to be found at
V. Silvberg, Tunaberg and Tuna Hestberg, all located in the cen-
tral and southern parts of Sweden. A rhodonite with more moderate
amounts of FeO is known from G&sborn in central Sweden. The
relations of the corresponding ore occurrences are more doubtful
and not yet well understood. From South Carolina, North America,
a triclinic mineral, chemically related to sobralite, has been de-
scribed under the name of pyroxmangite,s6 but the information
about it is still incomplete.

Inor RnoooNrrE FRoM GAseonN

The mines of Gisborn have recently been described briefly by
N. H. Magnusson.3T The rhodonite was known previously through
a note by J. L. Igelstrdm, who has published an analysis of a speci-
men from the Stilmahns mine.38 As the amount of FerOa present
as included magnetite was not determined by him, a new analysis
was necessary, and this was performed by G. Assarsson (No. 11 in
Table 1). The specimen analyzed (RM. No. 17I773) is made up of
a very coarse aggregate of a black rhodonite, the individuals of
which attain a size up to 5 cm. The black color is caused by numer-
ous small inclusions of magnetite. A part of the magnetite was
drawn out from the powdered material by a magnet, but the greater
part could not be removed. The amount of FeaOr in the material
analyzed is, calculated from the value of Fe2Oe,4.54 per cent by
weight. Besides the rhodonite contains small inclusions of qtrartz,
which calculated from the excess of SiOz is l.7a/o. In addition

a6 W. E. Ford and W. M. Bradley, Amer. f ou.rn. Sr., Ser. 4, Vol. 36r p.169,1913.
37 S.G.U., Ser. Ca, No. 23, p. 98.
38 K.V.A.)aers. ,  8d.40,  No. 7,  p.  91,  1883.
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to these impurities very small inclusions of a colorless or Ieebly
green amphibole (tremolite?) are present. The amount of this
material can not be calculated, but its quantity is small, and its
influence must be inconsiderable. The iron content of the rhodonite
is 5.2 per cent by weight (9.27 mol. per cent).

In slides the inclusions of magnetite are seen to be arranged in a
peculiar manner along plants parallel to (010). The usual cleavages
according to (110) and (110) are well developed. Thin twinning
lamellae parallel to (010) occur locally. In addition a coarse inter-
growth of lamellar individuals is developed in such a manner that
the lamellae are turned 180o to each other around an axis perpen-
dicular to (010), but the lamellae bound each other along planes
parallel to (001). The twinning movement accordingly is the same
as in the usual thin lamellae parallel to (010), but the planes of
contact are difierent. Through the twinning movement F and t
of the one individual are brought to a nearly parallel position with
'y and p of the other, whereas the directions of a of both individuals
form a small angle with each other. The lamellae of this type are
sometimes very broad (up to 2 cm.), and more irregular inter-
growths of the individuals can also be seen along the contacts.

On a polished plate without visible twinning lamellae the refrac-
t ive indices were determined as:  a: t .7205,  F:1.7251,  t :7 .7326.
2V, ftom these values was found to be 76o. Direct measurements
gave 76.8o (+0.3'). On account of the inclusions no reliable value
of the spec. gravity could be obtained.

The coordinates of the bisectrices resulting from four measure-
ments are as follows:

E
p

twinning
lamellae

(oTo)

137 .0'b
900

. According to goniometrical measurements.
b One measurement.

InoN RnoooNrrE FRoM TuNe HAsrnEnc

This rhodonite has recently been described by the present
writer,3e and only a summary of the results will be quoted here.

ss Geol. Fiiren. Fbrhondl., Stockholm, Bd. 52, p. 403.

41 .5 "  (+4 .3 )
74.3"  (+2.5")

296 .2 "  (+4 .8 " )
45 .9 " (+4 .3 " )

145 .7"  (+ r  .7")
47 .6"  (+ 3 .7 ' )
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The corresponding analysis is No. 12 in Table 1.It shows a content
of FeO of 14.51 per cent by weight corresponding to 26.03 mol. per

cent. Notwithstanding this the mineral has maintained the optical
properties of a rhodonite with small modifications. The refractive
indices resulting from measurements by the immersion method are:
a :1 .725 ,  A :1 .728 ,  y : I . 737 . In  s l i des  t he  doub le  re f rac t i on  was

found  to  be :  y -a :0 .013 ,  y -B :0 .0085 ,  B -cv :0 .0045 .  2V ,  ac '

cording to measurements on a universal stage is 70.3o. On the

powder, separated from the knebelit ic skarn ore containing the

rhodonite, the spec. gravity was determined as 3.653. The coordi-

nates of the bisectrices resultinE as the mean of f ive measurements

are as follows:

(110): (II0)

o
p

92.6"
90'

" From one measurement.

In the slides thin twinning lamellae after (010) are common'
The iron rhodonite occurs as microscopic grains in a knebelite-

ore, composed chiefly of knebelite and some garnet. The content of

the rhodonite in the ore does not exceed 5 vol. per cent.

Sosnlrrre AND fRoN RHoooNrrB FRoM V. Srr-vlBnc

M. Weibull in 1884 described a rhodonitic mineral characterized
by a high content of iron,ao and therefore he named it iron rhodo-
nite. In his treatise on the sobralite from Tunaberg J. M. Sobral
mentions a number of optical characters, determined by him on a
specimen from V. Silvberg and emphasizes the differences in the
optical properties of this mineral and the sobralite from Tunaberg.
A similar distinction had been made previously by J. Palmgren.ar
As the true position of the mineral nevertheless remained in doubt,
a study of it was undertaken by the present writer. For this pur-
pose two slides of a specimen from the State Museum, collected by
Weibull and designated by him as iron rhodonite, were examined.
In the specimen considerable homogeneous aggregates of the min-
eral in question and of a dark green hedenbergite (called Mn-

^o Kungl,. Vet. Ahad. }rers., 1884, No. 9, p. 29,
a1 Compare below.

4 3 . 8 . ( + 2 . 6 ' )
7 8 . 2 '  ( + 2 . 3 " )

298.4"  (+5  8" )
4 0  8 ' ( + 3 . 8 ' )

143 3"  (+4  1" )
s2.s"  (+4 .7" )
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hedenbergite by Weibull), alternate with each other. In the slides
the former mineral is shown to possess the same optical properties
as the sobralite from Tunaberg. Hence the present writer drew the
conclusion that the mineral analyzed by Weibull was in reality not
an iron rhodonite but sobralite. Ifowever, the statements by Sobral
and Palmgren were not in accordance with this view and for this
reason a survey was made also on Weibull'S original material, which
is deposited in Lund. Of this material I received one specimen from
Prof. A. Griinwall and a sample of crushed pieces of a mineral
called iron rhodonite. In the former the mineral is distributed in a
similar manner as in the specimen first described, though its
amount is less. When examining slides of both specimens from
Lund it appeared that in both cases the mineral associated with the
hedenbergite is an iron rhodonite and not a sobralite. Thus in the
same mineral occurrence both sobralite and iron rhodonite are
associated with the monoclinic hedenbergite, which is the dominant
mineral. Both the triclinic pyroxenes are similar in appearance,
and it is not possible to distinguish them by megascopic properties.
Both are colored yellowish red-brown and are developed as an-
hedral grains. But in determining the spec. gravities it was found
that the sobralite was considerably heavier than the iron rhodonite
(3.717 as compared r,vith 3.657). Also the refraction showed a con-
siderable difference.

The properties determined by Weibull are the following: the
cleavage angle is 87o15'-87'49'. Sometimes also inferior cleavages
occur, evidently parallel to (001) and forming an angle of about
70'with the former. Specific gravity was found tobe 3.672 at 15o.
In the slides the mineral is shown to be rather rich in inclusions,
partly consisting of a feebly greenish mineral (Mn-hedenbergite),
partly of small magnetite grains, more rarely also of calcite and
silvbergite (Mn-bearing griinerite). In the slides studied by me no
inclusions of hedenbergite were seen, but both the triclinic pyrox-
enes are rather rich in inclusions which may consist of griinerite,
although the size is, for the most part, too small to permit definite
determination. The triclinic character of the pyroxenic compounds
was est.ablished by Weibull on sections parallel to (010) and (100).
One complete and two incomplete analyses were made by him.
After corrections on account of the inclusions present the values
given in column 13 of Table 1 were obtained. According to the
analysis the mol. proportions of MnSiOr and FeSiOs approach 1: 1
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(43.6:39.8). The amount of CaO at the same time is considerable
(12.8 mol. per cent) and that of MgO is small (3.8).

From the description by Weibull it is not apparent if the mineral
analyzed by him was an iron rhodonite or a sobralite. The extinc-
tion angles and the spec. gravity reported by him indicate rather
the former than the latter, although the values recorded are in-
termediate in character. On account of this the sobralite obtained
from the State Museum was separated from the Mn-hedenbergite.
This was done with Clerici's solution. Though the solution was
kept as near to the spec. gravity of the mineral as possible and the
separation was repeated, small inclusions of gri.inerite could not be
avoided, and their amount in the resulting powder was consider-
able, perhaps amounting to 8-10 per cent by volume. Any possible
remnants of carbonate were removed by means of hydrochloric
acid. The analysis was made by Dr. Bygd6n and the result is
quoted under No. 14 in Table 1. From the analysis it is evident
that the material analyzed by WeibuII was a sobralite, although the
values obtained by him are somewhat different from those of Byg-
d6n. This is due partly to the corrections made by Weibull, but
also apart from them a considerable difference is found in the pro-
portions of FeO and MnO. Probably the cause of the difierence is
partly to be sought in the purifying method used by me, but it
is also possible that the specimen analyzed by Weibull contained
some iron rhodonite. In any case the more correct composition of
the sobralite is shown by Bygd6n's analysis, though this also
includes slight admixtures of griinerite.

On the other hand, it is probable that the material studied micro-
scopically by Weibull, came from a specimen of iron rhodonite as
the spec. gravity determined by him approximately agrees with this
mineral.

In slides of the analyzed specimen the sobralite appears as an-
hedral grains of varying dimensions (up to 3 mm.). The different
individuals are often intimately interwoven with each other and in
some cases penetration twinning is seen. In these cases the grains
are composed of several smaller parts belonging to two individuals.
In the slides the boundaries of the parts show a tendency to assume
thp form of straight lines oriented parallel to the face (001), the one
individual at the same time being turned 180o about an axis per-
pendicular to (010). Evidently the twinning phenomenon is the
same as in the Gisborn rhodonite, though the bounding faces in the
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sobralite are more irregularly developed. Locally also the general
twinning lamellae parallel to (010) occur.

The optical properties of the sobralite were found as follows:
a :L738 ,42y -a :0 .017 ,  A -a :0 .014 .  F rom th i swe  ge t  0 :1 .752 ,
t:1.755, and from the indices 2V,:42"49r. The direct measure-
ment gave as a result 2V r:41.6". On the powder the spec. gravity
was found to be 3.7 t7 .

The coorclinates of the bisectrices, resulting from an average
from three measurements, are:

92032'u 266" (+1 .5 ' ) 136 .6 ' (+2 .6 ' )

900 60 .e ' (+0 .9 ) s 3 . 7 ' ( + 2 . 0 ) 4 8 . 5 ' ( + 1 . 4 " )

'The value given by Weibull. The mean of the measurements on the universal
stage is 92.2".

On comparing the positions of the corresponding points on the
stereographic projection of Fig. 8 with those of the rhodonites, and
the iron rhodonites, the optical discontinuity between sobralite
and the minerals named is clearly demonstrated. The same is
shown by the size of the axial angle, which in the rhodonitic varie-
ties varies but slightly and which for the members of similar
CaO content is about 70", whereas sobralite has an angle of about
42".

For the iron rhodonite, associated with the Mn-hedenbergite
from V. Silvberg, the following coordinates were obtained from
three measurements:

294.3" (+ 5.6")
36.0"  (+2 ' )

L43.3"  (X2.4")
57 .2 "  (+2 .3 ' )

The measured axial angle 2V., is 76.9'and the spec. gravity was
found to be 3.657.

Sonn.lrtrn AND IRoN RsonoNrrB r.RoM TuNABERG

The sobralite from this locality was found by J. Palmgren.43 Ac-

a2 Determined by the immersion method.
as Bul,l, Geol. Inst. of Upso.l,a, Vol. XIV, p. 173, 1917.

18 .7 '  (  +  1 )

M . 4 "  ( ! 2 . 7 " )
7 6 . 0 "  ( + 0 . 7 ' )
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cording to him the mineral forms "eine Aussonderung in Form einer

einige dm. breiten Ader. Diese Aussonderung bestand aus einem

Pyroxenmineral, welches im Handstiick brziunlich mit einem Stich

ins Lila ist sowie aus Manganfayalit und Spessartin." In the pure

powder the grains of the triclinic pyroxene are slightly lilac-colored.

Palmgren quoted an analysis made by R' Mauzelius, reported here

as No. 15 in Table 1. The spec. gravity determined by Dr. Mauze-

lius was 3.60. Palmgren's report was accompanied by a preliminary

determination of the optical orientation, made by J. M. Sobral.

Later Sobral published a more exhaustive description of the min-

eral.aa
Palmgren seems to have regarded the pyroxene contained in the

specimen analyzedas homogeneous. In Sobral's description is men-

tioned the fact that the sobralite in the slides studied by him was

associated with diopside, an asymmetrical pyroxene, olivine and

spessartite. The other asymmetrical pyroxene present is compared

by Sobral with the iron rhodonite from V' Silvberg. Sobral is of the

opinion that this mineral forms a separate species and that it is not

a rhodonite nor a sobralite though it optically stands nearer to so-

bralite than to rhodonite on account of its optically positive char-

acter. Evidently this assumption is due to the erroneous statement

in the handbooks o{ the optical character of rhodonite, which is

taken from the old investigations of G. Flink.

The writer studied the same specimen as that from which Sobral

prepared his slides (RM.172284). In agreement with him the writer

found two asymmetrical pyroxenes, the one being sobralite, the

other rhodonite with the optical properties of an iron rhodonite. Of

the two pyroxenes the latter is present in greater quantity than the

former. Mn-fayalite and garnet are present in rather large quanti-

ties and in addition the writer found small amounts of griinerite,

some apatite and traces of a carbonate. The diopside recognized by

Sobral occurs in subordinate amount. It is distinguished from the

other pyroxenes by its high double refraction (about 0'030). The

appearance of the pyroxenes and their mutual relations have al-

ready been described (see Fig. 2).
As it is not evident from Palmgren's paper whether the specimen

on which the analysis was made is the same as that which was used

for Sobral's slides, a new analysis was made on the specimen micro-

scopically examined by Sobral and me. For this purpose the pyrox-

M Bul,l,, Geo!,. Inst. of [Ipso.l,a, Vol. XVIII' p.47,I92L.
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enes were separated from the other minerals by Clerici's solution.
The resulting powder had a spec. gravity of about 3.62. The analy-
sis was made by Dr. Bygd6n and is quoted as No. 16 in Table 1. It
is in good agreement with Mauzelius' analysis and also the value
of the spec. gravity is similar. Both the analyses thus correspond to
a mixture of iron rhodonite and sobralite with a small admixture
of diopside.

Sobral determined the following properties of the sobralitic py-
roxene:  7 -  a:0.0200,  T-F:0.017 5,  B -  a:0.0025,  2Y r :  41.1" ,
p)2. From the first and the last values of the double refraction we
get an axial angle ol 41.4o. The cleavage angle was found to be
91 .50 .

From the measurements quoted by Sobral the present writer has
graphically deduced the following coordinates of the bisectrices:

(T10): (II0)

9 1  . 5 '
90'

1 5 . 7 "
62 .4 '

265 4"
56.9 '

135 .4"
A 7 0

f have recorded the following values: . l-P:0.0155, B-a
:0.0025.  From th is  7-a is  0.0180,  and 2Yr:43.8o.  2V,  was
measured as 41.2"(  *  0.6 ' ) .

The coordinates of the cleavages and the bisectrices resulting
from five measurements are as follows:

1 4 . 2 ' ( + s . 4 )
62.2"  (+4")

136 .9 " (+5 .1 ' )
46 .2 ' (+5 .8 ' )

The values of the separate measurements vary a good deal on ac-
count of the somewhat deformed state of the mineral.

The values obtained by me are in good agreement with those of
Sobral. Only the double refraction is somewhat lower in my meas-
urements. No attempt to determine the refraction was made on
account of the nonhomogeneous character of the powder.

On the iron rhodonite the following coordinates resulted from
three measurements:
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40 .6 ' (+0 .9 ' ) 296.2"  (+1.4")

10): (II0)

141 .0 ' (+2 .5 ' )

90' 76 .8 ' (+1 .7 " ) 43 .2 ' (11 .8 ' ) 53 .0" ( t 4. 3')

The axial angle 2Y, was found to be 68.3o. Thin twinning lamel-
lae parallel to (010) are seen locally.

PvnoxuaNcrrp

This mineral has been described by W. E. Ford and W. M. Brad-
ley from specimens coming from Iva, Anderson county, South
Carolina. The mean of two analyses by Bradley is quoted as No. 17
in Table 1. According to the analysis the mineral represents a
nearly pure Fe-Mn-silicate with subordinate admixtures of CaO
and Al2O3. The amount of FeO is somewhat greater than that of
MnO.The axial angle was determined as positive and approximately
30o. From the measurements quoted it appears that the mineral is
triclinic and has a cleavage angle of 91"50'. In addition to the us-
ual two main cleavages partings occur parallel to (010). Whether
the optical orientation is in accordance with that of sobralite is
not clear from the measurements given.

TuB oprrcn" o*ru";o;"J"J"; i*'""*r" pynoxrnBs
On the stereographic projection of Fig. 8 the positions of the bi-

sectrices are plotted according to the coordinates given in the
above. The positions of the bisectrices in relation to the cleavage
faces are obtained at once when making the measurements on sec-
tions in which the two chief cleavages are accessible. The position
of the face (001) and of the obtuse crystallographic angle p, on the
other hand, can not be located in this way. This can only be accom-
plished in a section whose position is determined in relation to faces
of known crystallographic indices. In order to accomplish this two
crystals of rhodonite from Harstigen (RM. 13360) were selected
and measured on a goniometer. The following faces and angles were
recorded:

Crystal 1
(22r):(Ir0) 31o15,
(1I0):(001) 86"28,
(110):(1I0) 92o2s'
(110):(001) 6836'
(22T):(i101) 62"18,

Crystal 2

(221):(I10) 31o19'
(221):(r1O) 76'54'
(110):(1I0) 92"20'
(T00):G10) 44" 9'
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Crystal 1 was cemented with the face (221) on an object glass
and cut down in this position. In the resulting slide the bisectrix B
was observable. On crystal 2 an artificial face was cut at an angle of
4 degrees to (100) and used for the preparation of the slide in a sim-
ilar way as in the foregoing case. In this slide d was accessible. In
both cases the orientation obtained was identical. The results of
both measurements are brought together in Fig. 7. The orientation
shown here is in agreement with that previously arrived at by Hey,
but it does not agree with that of H. Buttgenbach and M. Melon,6
whose results difier from that presented here by a rotation of the
bisectrices of approx. 90o about the vertical c-axis.

The orientation shown in Fig. 7 is valid for the rhodonites. Con-
cerning the crystallographic development of sobralite we do not

$ Of. cit.
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twinning lamellae is not the same as in the monoclinic pyroxenes,
the twinning face here being (100). In the iron rhodonite from Gis-
born and in the sobralite from V. Silvberg a modification of the
twinning mentioned above is seen, the actual rotation of the indi-
viduals being the same, but the planes of contact are (001). Also
more irregular intergrowths of the twinned individuals occur.

In the bustamites simple twinning parallel to the cleavage faces
(110) or (110) are often developed.

Suulranv oF TrrE Orrrcal PnopBnrros

The distribution of the points in the diagram of Fig. 8 ofiers sev-
eral points of interest. If the different species of the triclinic pyrox-
enes were members of a related isomorphous series, this would ap-
pear in the arrangement of the points, the positions being changed
continuously and in a regular manner according to the chemical va-
riations. But this is not the case. From the diagram it is apparent
that the rhodonites proper, as a result of the increase of CaO,
change their positions in the diagram, though the movements oc-
curring are not great, all points belonging to the same bisectrix
being situated on a nearly straight line. The iron rhodonites lie ap-
proximately in the continuations of these lines or are only slightly
displaced. The displacements may be due chiefly to the influence of
the iron silicate;to some extent they can be caused by errors in the
measurements. The bustamites, on the other hand, do not at all
agree with the rhodonites, and the same is still more evident for the
sobralites, whose orientation is very difierent from that of all the
other triclinic pyroxenes.

The change shown in the diagram for the bustamites corresponds
to an increase of the CaSiOa-content from 33 to 49 mol. per cent.
This change is considerable and is most conspicuous at 0. Evi-
dently, if we consider a continuous further enlargement of the Ca-
content as possible, the change of the optical orientation would con-
tinue in the same direction as before. In a very Ca-rich composition
we should get a position of B nearly or exactly coincident with the
axis of the vertical zone (the c-axis in the present projection), the
other bisectrices at the same time being displaced at the periphery
of the projection. Thus we should get the picture of a monoclinic or
nearly monoclinic mineral, projected on the crystallographic D-axis
and the orientation obtained would be about identical with the re-
lations in wollastonite. This is shown in Fig. 9 which contains an
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know more than the approximate angle of the cleavages. On the
other hand, the orientation of the bustamites selected here is acci-
dental and is only accepted for the sake of a better comparison. On
account of the results obtained in this work it should more cor-
rectly be replaced by the orientation named elsewhere in this paper.

"gi,";l6oYo"'"

Frc. 8. Stereographic projection of the optical orientations of rhodonites (R),

iron rhodonites (IR), sobralites (S) and bustamites (B). The figures of the letters
refer to the figures in Table 2; as : V. Silvberg, l: Tunaberg.

TwrNurNc PnnNounrve rN TnE TnrclrNrc PvnoxBNBs

Twinning phenomena occur in most of the specimens examined.
Most common is the appearance of thin twinning lamellae parallel
to (010). Lamellae of this kind are seen both in the rhodonites
and in the iron rhodonites, as well as in sobralite, but not in the
bustamites. It deserves to be mentioned that according to the crys-
tallographic orientation chosen for the rhodonite the position of the

v
I
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extrapolation from the bustamites in accordance with the change
outlined above. Thus, in the figure the bisectrices of the most CaO-
rich bustamites have been shifted so that there is coincidence of B
with the axis of the cleavage zone. The resulting orientation, there-
after, is shown in a projection similar to that of wollastonite, pro-

Frc. 9

jected with the crystallographic c-axis at the center. For this reason
(110) in the ordinary orientation of the bustamite is made (100),

and (110) as (001). As shown in the figure the differences occurring
between wollastonite and the extrapolation from the bustamites
are quite small-and'not greater than possible errors in the measure-
ments on the universal stage, or to possible movements of the ellip-
soid around p during the supposed change of its position. This is

.  opLoxis B
'  0pLoxis *

r l i
I  

0pt  oxis B
upL.oxrs w

o(oor)
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Qaa

4uz

/ ,25

/,69

/il"

/30'

1/0'

90"

70"

f l "

3,7

6,3

3t1

4,

Qru

g)

(catE)stou prnm)soo,

Frc. 10. The values reproduced in the diagram refer to the values in Table 2.
The points on the Ca(Mg)SiOrside are the values of wollastonite from Pargas, de-
termined by ttre writer.
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one of the reasons why the bustamites in this work are considered
as isomorphous with wollastonite.

In Table 2 the values of the refraction, the double refraction, the
spec. gravity and of the axial angles obtained from the specimens
examined are assembled.a6 For the rhodonite from Harstigen the
values of Hey are added. The figures of the sobralite from Tuna-
berg represent the mean of the values of Sobral and those of the
present writer. For the rest no older determinations have been
quoted, partly because they are incomplete and partly because they
may not be reliable.

In reproducing the values of the iron-poor rhodonites and those
of the bustamites in a two-axial diagram we shall get the picture
shown in Fig. 10. The reproduction is possible only if we unite
MgSiOa with CaSiOa, &nd FeSiOg with MnSiOa. The amounts of
FeO are generally small. The amounts of MgO, however, are in
most cases larger and must have some influence on the positions
of the points. The influence of this oxide is to reduce the refraction
and the spec. gravity. On the axial angle some reduction of the an-
gle around ? seems to be the result of a greater admixture of
MgSiOa. For these reasons the lines of the diagram only approxi-
mately refer to the relations in the pure Mn-Ca-series. On the other
hand, the Fe-content of the specimens will, to some extent, counter-
act the influence caused by the Mg-component.

Of the lines shown in the diagram those of the refraction, the
double refraction and of the spec. gravity are calculated as straight
lines frort the coordinates of the points. Only the determinations
of the present writer have been used. The curves of the axial angles
were deduced from the lines of the refraction. On account of the
small variations in the axial angles the shape of the curves ap-
proaches that of straight lines. For pure rhodonite we obtain the
following values:

a:  I .7  376,9:  I .7408, t :1.7 514;2V r :57 .5"  '  spec.  grav i ty  :3.727 .

On the diagram the value of the spec. gravity of the artificial
rhodonite found by Jaeger and Van Klooster (3.716) has been
marked.

From the relations in the diagram the non-isomorphous charac-
ter of the two mineral series is apparent.

16 In the chemical formula the small amounts of FesOa are included in FeO. BaO

is joined with CaO. ZnO is not taken into consideration.
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If we extend the lines originating from the coordinates of the

bustamites they would have the course shown in the diagram. The

end points on the CaSiOa-side should be those quoted below. For

comparison the values of wollastonite are recorded:47

a 8 . l

Extrapolated from

tlre bustamites I.6187 1.6270 1.6301
'wollastonite 

1.6177 1 .6305 | .6323

2Yo Sp. Gr.

62"32', 2.961
39" 2.925

Owing to the short distance between the outermost points of the

bustamites and the long extrapolation, the difierences are small.

Thus only a variation of 0.001 at most in the indices 0 and ? of one

or two of the bustamites studied would be sufficient to render the

extrapolated indices equal to those of wollastonite, and at the same

time the axial angle would change correspondingly. At a the agree-

ment is already sufficient. Owing to the method of measurement

the size of the variation is too great to be due to errors of deter-

minations on bustamites Nos. 7, 8 and 10, but in the case of No. 9

an error of the magnitude named is not excluded. On the other

hand, variations of the size named may also be caused by admix-

tures of (Fe, Mg-) sil icates. Even in the present state of our infor-

mation the agreement on the CaSiOa-side of the diagram is sufi-

cient to make the isomorphic relations of the respective minerals

probable.
The relations of the iron-rich compounds are more complicated

owing to considerably greater admixtures of (Ca,Mg) SiOa. The

specimens known are also few in number. A two-axial diagram

along the side MnSiOa-FeSiOs of the triangular diagram is there-

fore impossible. In Fig. 11 a picture of the approximate relations in

the brea occupied by the stability field of the rhodonites-iron rho-

donites is given, showing the variation of the refraction and the

spec. gravity caused by the difierent silicates. As is seen here, the

iron compound causes a marked influence on the properties named

when compared with MnSiOr. From the determinations of these

properties an approximate statement of the proportions of these

two silicates will be possible with the aid of the diagram.

{7 The figures quoted have been determined by the present writer on a wollaston-

ite spe:imen from Pargas (RM. 061282).
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