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Abstract. Determinations of Si, Fea+, Fe2+, Na, and Kare reported for olivines 
and orthopyroxenes from Norwegian, Swiss, and South African gamet peridotites 
and related rocks, supplementing the results of O'HARA and MERCY (1963). A 

real departure from the ideal formulae is suspected in most of the orthopyrox
enes, equivalent to the presence of from 0.5% to 4% olivine molecule in solid 
solution. These results are consistent with the deduction that the gamet peri
dotites have attained equilibrium at relatively low temperatures. The distribu
tion of cations between coexisting clinopyroxene, orthopyroxene, and olivine 
is briefly discussed. 

Introduction 

Partial analyses of olivines and orthopyroxenes from Norwegian, 
Swiss, and South African garnet-peridotites have been reported pre
viously (O'HARA and MERCY 1963) together with petrographic and 
mineralogical data. Chemical analyses of some of the host rocks have 
also been provided for the Norwegian specimens (MERCY and O'HARA 
1965) and will be provided for the remaining Swiss and South African 
materials soon. In this paper, determinations are presented of Na20 
and K20 in the orthopyroxenes, of FeO and Fe203 in olivines and 
orthopyroxenes, and of Si02 in one olivine and three orthopyroxenes. 
A value of Si02 in the remaining materials has been obtained by sub
traction of the sum of the other oxides from 100%. These data are 

presented in Table l, and structural formulae calculated from these 
and the previously published data are presented in Table 2. Only a 
brief note of the locality and nature of the source rock is given here. 
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Discussion of the Results 

ORTHOPYROXENES 

The structure formulae of the orthopyroxenes, with three exceptions, 
show a slight excess of cations over the expected figure of 4 per formula 
unit. This ex cess might arise from analytical error-a systematic under
estimation of Si02 by 0.2--0.5% by weight (implying either that in 
most cases the real totals of determined constituents should be high by 
this amount, or that there is 0.2--0.5% of some other constituent, e.g. 
water) would provide the necessary discrepancy. Alternatively, con
tamination of the sample by either olivine or serpentine might give 
rise to the effect. Between 0.7 and 5.0 weight per cent of olivine, or 
very much more serpentine, would have to be present to produce the 
observed discrepancies. 

However, it is believed that the discrepancies are real, and represent 
a small extent of solid solution of potential olivine molecule in the 
orthopyroxene because : 

l) No good case can be made out for supposing that the totals 
would be systematically high by the amounts required. 

2) Where Si02 has been determined in two cases, the discrepancy 
persists; in the third, no olivine was present in the rock and a cation 
excess is not necessarily to be expected. 

3) The contamination required exceeds the estimated impurity 
of the samples. 

4) The clinopyroxenes, complete analyses of which were presented 
previously (O'HARA and MERCY 1963), also show a persistent small 
excess of cations, corresponding to some 3-5% by weight of olivine in 
solid solution. 

5) Two of the three orthopyroxenes which do not show a cation 
excess come from rocks which do not contain olivine. If the cation 
excess is due to solid solution effects, it is consistent that rocks without 
olivine should contain orthopyroxenes with a smaller excess of cations, 
or none at all. 

6) Recent experimental work has shown that quite substantial 
amounts of olivine molecule are present in clinopyroxene coexisting 
with olivine at high temperatures, both at low and high pressures 
(KUSHIRO and SCHAIRER 1963, KUSHIRO 1964), and it is probable that 
the amount of such solid solution decreases with falling temperature. 
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The clinopyroxenes and orthopyroxenes from peridotite nodules in 
basalts, which have equilibrated with olivine at high temperatures, 
exhibit persistently larger excesses of cations (greater amounts of 
olivine in solid solution) than the pyroxenes of gamet peridotites. This 
situation is consistent with the deductions from the small extent of 
mutual solid solution between the two pyroxenes (O'HARA and MERCY 
1963, DAVIS 1963) and the small extent of solid solution of potential 
garnet molecule in the clinopyroxene (O'HARA 1963) that the garnet 
peridotites studied in this work have equilibrated at relatively low 
temperatures. 

OLIVINES 

The structure formulae calculated for the olivines indicate a sub
stantial deficiency of cations from the amount required by the ideal 
formula in most cases. This discrepancy might correspond to the 
contamination of the sample by some 6-10% by weight of ortho
pyroxene, or about twice these amounts of serpentine. Because the 
required contamination so greatly exceeds the estimated impurity of 
the samples, and because there is no other evidence, experimental or 
otherwise, to suggest the existence of solid solutions between olivine 
and small amounts of potential orthopyroxene, the effect of three 
related geochemical effects must be examined for an alternative solu
tion to the problem. 

The olivine samples may contain some combined water due to 
incipient alteration of the olivine. The accession of such water may be 
accompanied by leaching of cations, particularly Mg2

+, Fe2+, from the 
structure, oxidation of FeO originally present as fayalite molecule to 
Fe208, and will lead to an overestimate of the Si02 content determined 
by difference from 100%. The relatively high Fe203 content of the 
olivine samples, which is not accompanied by any appreciable amount 
of Al203 and Cr203, indicates subsequent oxidation rather than pri
mary incorporation of F eS+ ions in the structure. All three effects 
resulting from the presence of water in the olivines would lead to a 
deficiency of cations in the structural formulae based on 4 oxygen ions. 
Jf the Si02 is consistently overestimated, due to the presence of H20, 
by 0.5% on average, this alone would be sufficient to account for the 
whole of the discrepancy, while the oxidation of FeO to Fe203 in the 
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amounts observed is by itself sufficient to account for a half or more 
of the observed discrepancies. It would, therefore, appear that no 
evidence of a cation deficiency in these olivines due to solid solution 
effects can be derived from the data presented here. 

The extremely small amounts of Al203 and Cr 203 present in the 
olivine analyses indicate that the olivine structure could not accom
modate trivalent cations under the particular conditions of crystal
lization, and hence it is justifiable to treat all the Fe203 present as 
though it had originally been incorporated as FeO. No such adjust
ment can be made in the orthopyroxenes, owing to the more ready 
acceptability of trivalent cations in their structure. 

Distribution of Cations 

Olivine, orthopyroxene, and clinopyroxene structures all contain 6-
coordinated sites which are filled predorninantly by Mn2+, Mg2+, Fe2+, 
Co2+, and Ni2+ with lesser amounts of Cr3+, AP+, and Fe3+. lf the 

abundance of these cations is expressed as the proportion of the total 
available 6-fold coordinated sites (2 per formula unit in olivine and 
orthopyroxene, l in clinopyroxene) then the abundances of Mn2+, 
Mg2+, Cr3+, AP+, and Fe3+ all decrease in the sequence clinopyroxene
orthopyroxene-olivine (cpx-opx-ol), whereas the abundances of Fe2+ 
and Co2+ increase in the same sequence. The abundance of Ni2+, 
however, increases in the sequence opx-cpx-ol. The contrast between 
the abundances in coexisting olivine and orthopyroxene is least for 
Mg2+ and Fe2+, and is greater for Mn2+, Co2+, and Ni2+. This distribution 
behaviour is not obviously related to any single intrinsic property of 
the cations themselves (such as ionic radius, electronegativity, ionization 
potential, covalent radius, percentage ionic character of oxygen-cation 
bonds) nor to any simple property of the structures concerned (such 
as an 'ideal' value of the radius of the cation}, but the situation is 
complicated by the fact that not all6-fold structural sites are identical 

in the three structures, and in the clinopyroxene some of the cations 
may be occupying 8-fold coordinated sites. 

Fe2+fMg2+ is higher in the olivines than in the coexisting pyroxenes 
provided Fe3+ in the olivines is treated as original Fe2+ as already 
discussed. 
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Table l. Further chemical data 

Si02 
Fe203 
Fe O 

Na20 

K20 

.. . . . . 

. . . . .  

o • • • • •  

• • • o .  

. . . . . . 

l N.3 01 

41.08 
2.04 
4.63 
n.d. 
n.d. 

Table 2. Structure formulae 

Si4+ . . . . . . . 

AP+ • o • • • •  

Ti4+ ....... 
C ra+ 

Fea+ 
Fe2+ 

• o • •  o .  

o o • • •  o 

o • •  o o .  

Mn2+ ...... 
Ni2+ 
Mg2+ 
Ca2 + 

. .  o .  o .  

• • o • • • 

o .  o • • •  

Na+ . . .. . . . 

K+ o .  o o • • •  

02-........ 

.991 
-

.001 
-

.037 

.093 

.002 

.006 
1.858 

-

-

-

4 

Cations .... 1 2.988 

N.3 Opx 

57.54 
1.24 
3.53 
0.02 

<0.01 

1.965 
.012 
.001 
.001 
.032 
.101 
.004 
.002 

1.892 
.002 
.001 

-

6 

4.013 

l N.6 01 N.6 Opx l S.l 01 

41.40 57.15 40.78 
2.67 1.35 2.42 
5.40 4.16 5.72 

n.d. 0.05 n.d. 

n.d. <0.01 n.d. 

1.002 1.959 .990 
.007 .042 -

- .001 .001 
- .002 -

.048 .035 .044 

.109 .119 .116 

.004 .004 .001 

.007 .003 .011 
1.794 1.822 1.822 

.004 .012 -

- .003 -

- - -

4 6 4 

2.975 4.002 2.985 

From lenses in gneiss: Norway 

S.l Opx l N.23 Opx l N.26 01 l N.69 01 X69 Opx l N.70 OI 

57.25 55.631 40.23 40.88 55.80 40.59 
1.38 1.81 2.69 2.53 1.88 2.70 
4.04 9.44 11.90 8.26 5.80 7.47 
0.02 n.d. n.d. n.d. 0.06 n.d. 

<0.01 n.d. n.d. n.d. <0.01 n.d. 

1.962 1.946 1.003 1.003 1.935 .993 
.015 .066 .008 .009 .044 -

.001 .003 .003 .001 .002 .001 

.001 .001 - .001 .002 -

.036 .048 .050 .046 .049 .050 

.116 .276 .248 .169 .168 .153 
.002 .006 .004 .002 .003 .001 
.002 .002 .007 .010 .003 .010 

1.876 1.627 1.637 1 .721 1.796 1.772 
.001 .020 .004 .005 .010 -

.001 - - -- .004 -

-- - - _, __ - - -

6 6 4 4 6 4 

4.013 3.9954 2.964 2.967 4.016 2.980 

N.3, N.6, S.l 

N.23, N.26 

Olivine-orthopyroxene rocks from Kaldhussaeter, Kalskaret (Tafjord); and Saeters Vand (Almklovdalen) respectively. 

Garnet-websterite and garnet-wehrlite, respectively, from Kal skaret (Tafjord). 

N.69, N.70, N.71 
A.2 

Two garnet-lherzolites and garnet-websterite from mass a bo ve Lien farm (Almklovdalen). 

Garnet-lherzolite, Alpe Arami, near Bellinzona, Switzerland. 

N.70 Opx l N.71 Opx 

56.67 56.772 

1.36 1.80 
5.40 6.14 
0.07 n.d . 

<0.01 n.d . 

1.953 1.965 
.052 .045 
.002 .002 
.002 .001 
.035 .047 
.156 .178 
.003 .003 
.002 .002 

1.774 1.736 
.019 .009 
.004 -

- --

6 6 

4.002 3.9884 

Switzerland �odules in kimberlite 

A.2 01 A.2 Opx A.l OI A.l Opx l A.3 01 A.3 Opx l A.4 OI A.4 Opx l A.lO 01 A.lO Opx l A.l5 OI 

40.64 56.48 
3.01 1.50 
6.33 4.81 
n.d. 0.09 
n.d. <0.01 

.991 1.944 

.003 .056 

.001 .002 
- .003 

.055 .039 

.129 .139 

.002 .004 

.007 .002 
1.788 1.791 

.002 .019 
- .006 
- -

4 6 

2.978 4.007 

41 .37 57.20 42.302 57.122 41.51 56.86 
1.74 1.32 0.04 0.06 2.22 1.11 

4.72 3.22 8.02 5.00 4.94 3.27 

n.d. 0.04 n.d. n.d. n.d. 0.14 
n.d. <0.01 n.d. n.d. n.d. <0.02 

.996 1.921 1.014 1.949 .999 1.945 

.001 .105 .001 .062 .001 .051 
- .001 - .002 - .002 
- .015 .002 .005 - .006 

.032 .033 .001 .002 .040 .028 

.095 .090 .161 .143 .099 .094 

.002 .003 .002 .003 .002 .003 

.007 .002 .008 .003 .007 .003 

1.853 1.812 1.793 1.841 1.818 1.853 
- .OlS .002 .009 .002 . 021 
- .002 -- - -- .009 
- - - - - -

4 6 4 6 4 6 

2.986 4.002 2.984 4.019 2 .968 4.015 

l Gravimetric determination. } 2 C 1 · t · d t 
· 

t' Il l 
All other Si02 by clifference. 

o onme ne e erm1na wn on sma samp e. 

41.30 56.98 41.62 

2.14 2.38 1.20 

5.31 2.23 5.27 

n.d. 0.03 n.d. 

n.d. <0.01 n.d. 

.998 1.946 1.003 
.004 .049 .001 
- .002 -

- .007 -

.039 .061 .022 

.107 .064 .106 

.002 .003 .002 
.008 .003 .006 

1.818 1.828 1.842 

.002 .030 .002 
- .002 -

- - -

4 6 4 

2.978 3.995 2.983 

3 High K20 reflects presence of minute flakes of phlogopite within pyroxene, probably due to incipient alteration. 

4 Pyroxene does not coexist with olivine. 

A.l Saxonite; A.3 Garnet-lherzolite; A.4 garnet-harzburgite; A.10 lherzolite; A.15 harzburgite; .\.17 (garnet-olivine bearing) websterite; all from South African kimberlites. 

A.l5 Opx l A.l7 Opx 

56.53 56.22 

1.40 1.94 
3.09 4.09 
0.07 0.22 
0.423 0.09 

1.938 1.939 
.044 .054 
.001 .002 

.011 .004 

.036 .050 

.088 .118 
.002 .003 
.002 .003 

1.865 1.778 
.012 .043 
.004 .015 
.018 .004 

6 6 

4.023 4.014 


