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CAL CIUNI-BEARIN G IIA GNESIU N,II-IRON OLIVINES

Tu. G. Sen,rlra axo Kar HvrciNeN, Institute of Geol,ogy,
(Iniaersit^t of H elsinhi. Finland,.

ABSTRACT

Chemical and optical data are presented for ten calcium-bearing magnesium-iron
olivines, five of r.'r,'hich are previously unpublished. The d-spacings of the plane (130) have
been measured for these olivines. Indexed powder patterns and calcuiated unit cell dimen-
sions of the iron-poor monticellite from Dewey Mine and of a synthetic kirschsteinite are
tabulated.

Excluding calcio-olivine and the manganoan olivines, the variation of the chemical
composition in the olivine group is diagrammatically presented in Fig. 1. Optical and
x-ralr identification of olivines belonging to the monticellite-kirschsteinite series, of sub-
calcium olivines and of slightly calcian olivines of the forsterite-fayalite series is discussed.

lxlrooucuolt

If pure calcio-olivine and the manganoan olivines are excluded, the
compositions of olivines may be summarized as in Fig. 1. In natural
rocks forsterite and fayalite are known to form solid solutions with
each other in all proportions. No evidence has ever been produced that
would indicate any immiscibil i ty gap in the sub-solidus range. Despite
the common occurrence of olivines of the forsterite-fayalite series in
rocks, analyzed olivines of this series never show appreciable contents of
calcium. The figures for CaO are usually insignificant and oniy exception-
ally reach 2 percent. From the Island of Fogo, Cap Verde Islands, an
olivine with ca. 5/6 CaO has been reported in 1855 (Doelter, 1914, p.
299), but this information needs verif ication. Accordingly, the composi-
tion of the olivines belonging to the forsterite-fayalite series may be
schematicaily represented by the small open circles on the bottom of
Fig.  1.

On the other hand, the olivines of the natural monticell i te-iron monti-
cell i te series mostly show a very slight deficiency in calcium. The ratio of
magnesium to ferrous iron varies within reiatively narrow limits. This
range of variation that is schematically indicated by the small open cir-
cles near the left top of Fig. 1, has been recently expanded through the
discovery of a calcium-bearing olivine from \,,It. Shaheru in the Nyira-
gongo area (Sahama and Hytrinen , 1957). The composition of this olivine,
No. 2 in Fig. 1, l ies closer to the iron end member of the series for which
the name kirschsteinite was proposed.

Of synthetic orthosil icates corresponding to the natural olivines of Fig.
1, the l{gzSio+-FezSiOq series represents olle of the most classical exam-
ples of unlimited solid solubil ity. An unbroken solid solution series has
also been found between FezSiOa and CaFeSiOn by Bowen, Schairer and
Posnjak (1933). The phase diagram of this series contains a minimum
melting point and no eutectic. Finally, between CaNIgSiOa and CaFeSiO+
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a continuous solicl solution series \ras shown to exisl by Schairer and Os-

born (1950). In the irou-{rec l lgzSiOa-CalIgSiO; series' on the other

hand, the conditions are different. As has been recently shown by Ricker

and Osborn (1954), the solid solubil ity in this series is very l imited. At

1100" C., exsolution was observed in all mixtures except the 10/6

nlgzSiOa and 10o/p CaX,IgSiOE composil ions. At lower temperatures the

solid solubil ity is apparently sti l l  more l imited.
On the basis of the experience obtained from the above synthetic

studies combined rvith observations on natural olivines, the compositions

of calcium-magnesium-iron olivines in proper olivine-bearing rocks may

M  O N T I C E L L I  T E
CaMgS iOa

FORSTERITE
MS'S i 0,

FAYALITE
FerSiOO

Frc. 1. The calcian-magnesian-Jerroan olivines.

1. Ferroan monticellite. VM 394. Shaheru.

2 Magnesian kirschsteinite S. 80. Shaheru.

3. Sub-calcium olivine. R G' 22778. Nyiragongo.

4 Calcian hyalosiderite. S.81 Shaheru.

5 Calcian hyalosiderite. I'unghezza

6. Calcian ferrohortonolite. S.90. Baruta.

be ant ic ipated to cover the whole range f rom mont icel l i te to k i rschstein-

i te. In addition, in contrast to the magnesium end in the field X'Ig2SiO4-

CaNIgSiOrCaFeSiO+-FezSiOa of Fig. 1, nothing is known at present

that would make impossible the existence of olivines intermediate be-

tween the monticell i te-kirschsteinite and the forsterite-fayalite series

close to their iron ends. In analogy to the augitic clinopyroxenes' the

olivines of such intermediate compositions may be called sub-calcium

olivines. The fact that these hypothetical sub-calcium olivines and, with

the exception of olivine No.2 in Fig. 1, the iron-rich members of the

monticell i te-kirschsteinite series have not been recognized in nature'
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might be caused by the great rarity of rock types in which those olivines
may crystall ize. Olivines of such extraordinary rocks have nol- been sub-
jected to sufficiently detailed mineralogical study.

The authors of this paper were led to the above views on studying
the mineralogy and petrology of the lavas of the Nyiragongo area in
North Kivu, Belgian Congo. The rocks of this area are largely meli l i te-
nephelinites wiLh varying ratio of magnesium to iron. Such rocks seem to
provide a chemical environment suitable for the formation of olivines of
compositions indicated above. For that reason, some of the rock speci-
mens available to the authors from that area were studied with respect to
their olivines. The chemical, optical and physical data for these olivines
and for samples from other sources are presented.

DBscnrprroN oF SAMPT,ES

Optical and physical data and calculated molecular compositions for
the olivines used in this investigation are summarized in Table 1. The
unpublished chemical analyses made of these olivines are collected in
Table 2. The source of the specimens is l isted below. All d-spacings of the
plane (130) were measured by the authors according to the method that
was used by Yoder and Sahama (195i) for the olivines of the forsterite-
fayalite series.

It lonticell i te. Dewey l{ine, San Bernardino Co., Calif. Batch of the
original a\alyzed material chemically and optically investigated by
Schaller (1935). Indexed powder pattern measured by the authors is
given in Table 3.

Nlonticell i te. Island of Skye, Broadford area, Scotland. Batch of the
original analyzed material investigated by Til ley (1951).

l.'Ionticellite. l{agnet Cove, Ark. Batch of the original analyzed ma-
teriai investigated by Neuvonen (1952).

Ferroan monticell i te. Specimen VNI. 394. Eastern wall of the Shaheru
crater, Nyiragongo area, Belgian Congo. Previously not published. The
rock represents a fine-grained compact meii l i te-nephelinite lava with very
few small phenocrysts of meli l i te, partly altered in the margins, and a fe-w
small aggregates of nepheline. The mesostasis consists of beautifully
euhedral nepheline prisms poikil i t ically enclosed in crystals of colorless
clinopyroxene, ferroan monticell i te and, more rarely, by pale biotite.
nlagnetite, perovskite, apatite and small amounts of gdtzenite. A few
patches of sodalite (ao:8.93 A) . Co-position of nepheline 34.7 mol. /6
Ks. The powder pattern of the separated nepheline fraction indicates
presence of kalsil i te of composition 98.6 mol. /6 Ks.

l{agnesian kirschsteinite. Specimen S. 80. Northeastern wall of the
Shaheru crater, Nyiragongo area, Belgian Congo. Originai material in-
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Tp'ntr,2 Nrw Cnnnrc,u ANar,vsns on Car-crulr-Be,qnrNc
MncNnsrulr-Inom Or,rvrnrs

SiOz
't'ioz

Alro:
Fe:Oa
FeO
MnO
Mso
CaO
NaO
KtO
HzO*
II:O-

Ferroan
monticellite

Shaheru,
Nyiragongo

area

Sub-calcium
olivine

Nyiragongo,
Nyiragongo

area

31 .93
0 . 2 8
o . 7 1
1 . 8 7

28 94
1  . 5 0
7 3 3

2 6 . 1 5
0 3 8
0 . 3 2
o 4 6
0 0 3

Calcian
hyalosiderite

Lunghezza,
Rome

1 6 5
34.  53
1. 34

2 2 . 6 4
2 9 5
0 2 6
0 .  2 5
0 .  5 6
0 .  1 0

100 00

3 1 . 5 8
0 . 2 8
0 . 6 6
3 2 6

52.97
2 . 6 4
5 . 2 2
1  . 8 4
0. .54
0 . 5 3
0  . 3 8
0 .  1 0

1C0 00

vM. 394 R.G.  227 s .  8 1

36.64
0 . 2 5
0 .  1 9
3 0 2

23 66
1  . 0 1

3 1  2 6
J . J /

0 . 1 8

3 3 . 5 7
0 . 0 5
1  . 9 5
1 .40

19 .34
1 .06

1 1  . O 7
30 40
0.  60
0 3 9
0 .  1 3
0.0 .5

1'
l

i
I

I

Total 99.90

vestigated by Sahama and Hytdnen (1957). Petrographic description of
the rock has been given by Nleyer and Sahama (1958).

Sub-calcium olivine. Specimen R. G. 22778. Top of VIt. Nyiragongo,
Beigian Congo. Previously not published. Petrographic description of
the rock has been given by l,Ieyer and Sahama (1958) . The rock is
sprinkled with vesicles up to 2 3 mm. or sometimes even more in di-
ameter. The vesicles are partly or rvholly f i l led with well-developed crys-
tals of green clinopyroxene, leucite, nepheline, reddish melil i te, magne-
tite and drop-like nodules of pyrrhotite. In addition, these vesicles often
contain yellowish or slightly greenish crystals of olivine that may reach
the size of 1 mm. and sometimes show good crystal form of a shape indi-
cated in Fig. 2. To separate the oiivine for chemical analysis, the rock
was crushed with a jaw crusher, not ground. The olivine crystals, thus l ib-
erated from the matrix, were collected with heavy l iquids, then ground
and subjected to a final heavy l iquid separation. The deficiency in cal-
cium in relation to the sum of iron, manganese and magnesittm is con-
siderably more pronoullced than in the olivines oi the monticell i te-
kirschsteinite series of which chemical composition is knolvn. No sign of
joint occurrence of two separate olivine phases, calcium-free and cal-
cium-bearing, was detected in the analyzed material by powder pattern

Calcian

l@11:
Shaheru,

Nviragongo- 
urJu 

-

o . 2 2
0 . 2 3  l
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'I'asr,r 3. Po'w.oBn PattonN o-r' MoNtIcBllITE lRoM Darvnv MrNn, SIN Bntr.tantrNo

Co., Clr,rr. FLr,rrnBo Cosar,r l{alrarroN'lvrrrr Srr,rcor.t SreNoeno

Incler ing basecl  on ao:4.827 A,  bo:11 084 A,  cs: f .J l6 [
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002
130
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t12
041
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222
061
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152
043

* 062
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24.685
26.905
28 .47  5
3 2 . 5 9
3 5 . 4 9
39.205
40.48
4 1 . 1 8

4 3 . 7 3 5

44.65
4 7  . 7 7  5
5.5 .66
5 8 . 9 6
60 .46
61 455
62.65 .5
63.34
64.O4
67 .99

5 . 5 5 7
4.  185
3 .845
3 . 6 3 7
3.  188
2.93+7
2.666r
2 5855
2.5434

2.4014

2.3547
2.2088
1 .9159
1 . 8 1 7 5
r . 7 7 6 6
1.7 .505
1.7203
1.7036
1 .6870
1.5997

0.03238
0.05709
o.06764
0.07559
0.09839
0 . 1 1 6 1 1
0. 14068
0 14959
0 15458

0. 17340

0. 18035
0.20496
0.27242
0.30272
0 31682
0.32634
0.33790
0.34456
0 35137
0.39077

0 03252
0 . 0 5 7 1 1
0.06750
0.07563
0.09836
0.11608
0.14067
0 14940
o.15467

[o.nzoo
l .0 .1737s
0.17977
o.20436
0 27235
0.30252
0 .3 r727
o.32631
0 33739
0.3M52
0.35139
0 .39104

l . )

35
10
40
1 5
35

100
40
30

25

7
.5

l . )

30
10
7

5
5

l . )

* Broad line.

Irrc. 2. The shape of the sub-calcium olivine crystals fronr Mt. Nyiragongo.

Soecimen R.G.22778.

a
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Tanln 4. Powrnn ParrrnN or SyNrnrrrc KmscnstnrNrre. Frr,rnnno Coi:arr
Re.orarroN rvrrn Srr,rcoN SraNoanl

Inclexing basccl  on oo:4886i ,  bD:11 .146 A,  cs: [ . {34 n

2o*' d,v" 0*,r"

020
021
101
1 1 1
130
040
131
1t2
041

*f t+o
I  r  r c

132
* 240

062

50
J . )

7
60

100
30
90
9.')

20

35

18 .445
24 48
2 6 . 5 9
28 20
3 5 . 2 1
37 .43
3 8 . 8 8 5
40.05
40.91

43.36

48.545
58 34
o/ .)r

5 . 5 8 1
4 219
3 . 8 9 5
3 . 6 7 2
2 . 9 5 7 3
2 . 7 8 7 7
2.6872
2.6121
2.5594

2 .4212
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1 .8351
1 .6098

0 03210
0.05617
0 06591
o.07416
o 11434
o.12867
0. 13848
0. 14656
0. 1526.5

0 .  17058

0.21121
o.29694
0.38588

0.03216
0.05631
0.06603
0.07407
0.11424
o.12864
0. 13839
0.14652
0 15279

[o.nosz
l .0 .17064
0.21084
0.29616
0.38604

10
60
3.5

* Broacl iine.

or under the microscope. Accordingly, the mineral is to be regarded a
sub-calcium olivine intermediate between the monticell i te-kirschsteinite
and the forsterite-fayalite series. The optical orientation is the same as
for the magnesian kirschsteinite from Shaheru.

Synthetic kirschsteinite. Optical data from Schaller (1935) and f-ray
data on material obtained from Professor C. E. Til ley. 'Ihe indexed pow-
der pattern measured by the authors is summarized in Table 4.

Calcian hyalosiderite. Specimen S. 81. Southern wall of the Shaheru
crater, Nyiragongo area, Belgian Congo. Previously not published. A
brief description of the rock has been given by l,Ieyer and Sahama (1958).

Calcian hyalosiderite. Lrnghezza near Rome, Italy. Previously not
published. The olivine occurs as well-developed crystals up to ] mm. in
length together with nepheline, leucite, meli i i te and green clinopyroxene
in cavities of a meli l i te-nepheline-leucitite lava.

Calcian ferrohortonolite. Specimen S. 90. Southern upper part of
Baruta, Nyiragongo area, Belgian Congo. Previously not published. A
brief description of the rock has been given by Meyer and Sahama (1958) .

The analyzed materials for three of the olivines (Shaheru Vl,I.394;
Lunghezza; Baruta S. 90) were slightly contaminated by clinopyroxene.
The analyses of these olivines were made by dissolving the materials in
hot diluted hydrochloric acid and filtering ofi the remaining clinopy-
roxene. The clinopyroxene residue was separately tested by partial
analysis to be free {rom gelatinous sil ica. Accordingly, the results of the
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analyses that have been reduced to one hundred percent give the com-
positions of the olivines free from the clinopyroxene contamination.

l I ourrc pr-ur r:- KrtscnstErNtrE SBnros

Iron-rich oiivines of the monticell i te-kirschsteinite series have so far
been found only in the melii i te-nephelinite lavas of the Nyiragongo area.
Accordingly, with the exception of the magnesian end of the series, op-
tical and physical data for natural olivines of this series are too scarce for
constructing determinative charts with the same accuracy as for the
olivines of the forsterite-fayalite series. For that reason, no attempt wil l
be made in this paper to prepare such charts. For purpose of identif ication
of the olivines of the monlicell i te-kirschsteinite series. however. some
qualitative statements may be made.

The following review, taken for forsterite and fayalite from Poldervaart
(1950) and for monticell i te and kirschsteinite from Schaller (1935), sum-
marizes the refractive indices of these olivine end members:

Forsterite

q  1 . 6 3 6

B  1 . 6 s 1
n t .669

Forsterite
Fayalite

Fayalite

1 .823
1 .863
1 . 8 7 5

Monticellite Kirschsteinite

t . 6 3 9  | . 6 9 6
r .6+6 |  734
1 . 6 5 3  1 . 7 1 3

If these refractive indices are plotted against the molecular content of
the iron component, it wil l be seen that an accurate determination of the
refractive indices alone wil l serve for distinguishing betrveen the monticel-
l i te-kirschsteinite and the forsterite-fay2li1s series only if the molecular
content of the iron component exceeds ca.40 per cent. If, in addition to
the refractive indices, the optic axial angle and/or the specific gravity is
known, the distinction between the trvo series becomes possible even in
the magnesian end.

I'he distinction between the monticell i te-kirschsteinite and the for-
sterite-fayalite series becomes, however, more convenient by powder
patterns. The d-spacings for the piane (130) o{ the above natural olivine
end members are summarized below. The values for forsterite and faya-
lite have been taken from Yoder and Sahama (1957) and those for monti-
cell i te and kirschsteinite were roughly extrapolated from the data of
Table 1.

d,ow)

2 76s9 L
2 .8328 A

d'601

Monticel l i te 2.934+0 001 A
Kirschsteinite 2 956+0.003 A

By measuring the value for drr:rol ,  the dist inct ion between the two series

is unequivocal and, in addit ion, gives an idea of the rat io of magnesium

to iron. Such a determination of the composit ion o{ ol ivine by powder

pattern is relat ively accurate for the forsteri te-fayal i te series and, at
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present, only very rough for the monticeli i te-kirschsteinite series. No
additional optical or other physical data are necessary.

The above statements for the identif ication of the olivines of the monti-
cell i te-kirschsteinite series are valid only if the atomic content of calcium
closely equals that of the sum of magnesium and iron (plus the small
amount of manganese that is usually present) . For a sub-calcium olivine,
l ike R.G. 22778 from Nyiragongo that shows a marked deficiency in cal-
cium, both optical and r-ray method alone wil l yield erroneous values for
the content of CaFeSiOr. The molecular content of the kirschsteinite
component wii l be found too high if deduced from the refractive indices
and too low if estimated on the basis of the value for drrror. If the two
methods give results considerably dif iering from each other, then it may
be deduced that the olivine does not belong to the monticell i te-kirsch-
steinite series proper but represents a sub-calcium variety. Such a dis-
crepancy between the optical and r-ray data is actually the case for the
sub-calcium olivine from Nyiragongo that is included in Table 1. As a
general recommendation it may be stated that, if chemical analysis of an
iron-rich olivine supposed to belong to the monticell i te-kirschsteinite
series u'i l l  not be undertaken, the result of the c-ray determination
should be tested by determining the refractive indices.

Car,crex Ouvrxns ol rrrE FonsrBnrrn-Fav.q.rrrn SBnrBs

Tables I and 2 contain three olivines (Shaheru S. 8i; Lunghezzal
Baruta S. 90) that represent slightly calcian members of the forsterite-
fayalite series. 'fhese three olivines occur in meli l i te-bearing lavas very
rich in calcium. If the values for dlraot for these calcian olivines are plotted
in the r-ray determinative curve that has been published by Yoder and
Sahama (1957), the fictive points wil l be found clearly above the curve.
The amount of calcium contained in these olivines is sufficient to make
the :r-ray method inapplicable. This conclusion is i l lustrated by the fol-
lowing data:

Calcian
hyalosiderite

Mg
Calcian

hyalosiderite
Calcian

ferrohortonolite
Mg*Fe(tMn)

According to Shaheru S. 81 Lunghezza Baruta S. 90

Chemical analysis
@nto)

Refractive indicest

67 .0 nol. /6
60 .0
73

5l .9 mol. /6
3 7  . 5
50

13.7 mol. /6
J . J

t l

I Calculated according to the equation given by Yoder and Sahama (19.57).

t According to the chart published by Poldervaart (1950).
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The molecular content of the forsterite component is found too low

with the r-ray method and mostly too high by determining the refractive

indices. If the optical and the r-ray method give results clearly differing

from each other, then the olivine may be expected to contain more cal-

cium than is generaily the case with the olivines of the forsterite-fayalite
serles.
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