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the overprinting of which may indicate a Creta-
ceous or Tertiary event.

Hydrothermal solutions, which introduced little
or no new material, but altered and redistributed
existing minerals, could account very satisfactorily
for the type of mineralization found in the Lizard,
in which the mineral composition of veins is closely
related to the chemistry of the country rock. If some
means can be found of dating other stages of
mineralization in the Lizard complex, it may be
possible to use the detailed parageneses already
established for the mineralization at Dean quarry
and at Porthkerris in a comparative study of phases
of hydrothermal activity throughout south-west
England.

The full text appears in the Miniprint section, pp. M49-
59-
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Pyroxenes of basic rocks and rodingites from an
ophiolite mélange, south-eastern Turkey

ROBERT HALL

Department of Geology, Queen Mary College, London University, London E1 4NS

OPHIOLITIC rocks occur as a tectonic mélange in
the Mutki area of the Eastern Taurus Mountains of
south-eastern Turkey. They form the upper part of
a Tethyan ophiolite-flysch complex, which is thrust
southward over sedimentary rocks of the Arabian
foreland (Hall, 1976). The tectonic mélange has a
matrix of serpentinite and includes blocks of basic
volcanics, gabbros, picrites, and rodingites, most of
which have suffered metamorphism and meta-
somatism. The volcanic rocks have been meta-
morphosed under conditions transitional between
the glaucophane-lawsonite schist facies and the
greenschist or greenschist-amphibolite transitional
facies of Turner (1968). The picrites have escaped
any significant metamorphism, while the gabbros
have been partially or completely recrystallized
under greenschist facies conditions. Both picrites
and gabbros have also suffered calcium meta-
somatism resulting in the alteration of some of the
gabbros to rodingites. Pyroxenes from eight sepa-
rate blocks from the mélange have been analysed
by microprobe (fig. 1) to determine if the pyroxene
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FiG. 1. Composition of clinopyroxenes, orthopyroxenes,
and olivines from the mélange rocks.

chemistry is consistent with an igneous origin (as
suggested by textural evidence) or if there have been
changes due to metamorphism and metasomatism.

None of the blocks examined is completely
unaffected by alteration or recrystallization, yet
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despite the different metamorphic and meta-
somatic events affecting the different blocks there is
a surprisingly small range in the composition of the
clinopyroxenes. There is a trend of iron enrichment
and sympathetic decrease in Cr,O; from picrites,
through gabbros and rodingites, to meta-basalts,
and enrichment in TiO, in the meta-basalt ground-
mass pyroxenes. This pattern of chemical variation,
with the textural evidence, is taken to indicate that
the clinopyroxenes are igneous in origin, that they
have survived metamorphism and metasomatism
without re-equilibration, and that most of the basic
rocks originated in a single igneous complex.

Two exceptions occur. The pyroxenes of meta-
basalt RHg5 are separated on the pyroxene quadri-
lateral (fig. 1) from all the other clinopyroxenes, and
their more calcic character is thought to be an
original feature. It is possible that the pyroxenes of
RHgs crystallized from a melt of different composi-
tion from that of the other rocks. Rodingite RM17
contains two chemically and texturally distinct
clinopyroxenes. The augite resembles pyroxenes
from other basic rocks and is considered to be of
igneous origin. The second clinopyroxene is a
super-calcic diopside characterized by low Cr, Ti,
Na, Mn, and Al, and high Ca and Si. It is intimately
intergrown with idocrase and grossular and is
interpreted as metasomatic in origin. Its unusual
chemistry is probably a reflection of the fluids
associated with serpentinization. These are likely to
have been similar to calcium hydroxide waters
thought to be associated with present-day ser-
pentinization in the western United States
(Barnes and O’Neil, 1969).

The chemistry of the original igneous clino-
pyroxenes should indicate the nature of the origi-
nal basic magma. Coombs (1963) has suggested the
use of pyroxene norms as aids in the discrimina-
tion of basaltic types. The norms indicate that
the pyroxenes of meta-basalt RHgs are alkalic in
character. If, as suggested above, the remain-
ing rocks originated in a single complex their
norms indicate that they are more likely to be
tholeiitic than alkalic. However, comparison of

SYNOPSES

the compositions of the clinopyroxenes with those
of the Bushveld complex, and of the North
Atlantic and Pacific ocean floors, indicate that
the mélange pyroxenes tend to be more calcic
than those from typical tholeiites. It seems likely
that the mélange rocks are transitional between
tholetitic and alkalic basaltic rocks.

Data from thirteen meta-volcanics from the
mélange supports suggestions that the elements Ti,
Zr, and Y are immobile during low-grade meta-
morphism, and indicates that the meta-volcanics
belong to the group of ‘within-plate oceanic ba-
salts’ (Pearce and Cann, 1971, 1973), which includes
tholeiites and intermediate- and wltra-alkaline
rocks from ocean islands.

This work indicates that igneous clinopyroxenes
can survive low-grade metamorphism at moderate
to high pressures, and may also be resistant to
extensive calcium metasomatism under certain
conditions. Metasomatic clinopyroxenes are clear-
ly different from those of igneous origin. The range
and type of chemical variation in the igneous
clinopyroxenes, and the whole-rock trace element
data, indicate that most of the basic rocks of the
Mutki ophiolitic mélange once formed part of a
single igneous complex, but are different from
typical ocean-ridge tholeiites.

The full text appears in the Miniprint section, pp. M42-8.
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Table 2: Representative X-ray Fluorescence Analyses
Groundmass Analyses'
2% 4 7 16 45 46 47

5i0, 69.33 68,41 70.22 68.15 68.57 68.88 69.43
Ti0, 0.37 0.6 0.43 0.57 0.44 0.53 0.50
AL,04 15.73 14.87 14.60 14.86 15.72 14.51 14.79
‘Fe203 0.63 0.93 0.73 1.07 0.69 1.01  0.77
FFe0 1.67 2.45 1.92 2.8 1.85 2.66 2.06
MnO 0.03  0.04 0.03 0.04 0.03 0.05 0.03
Mg0 1.08 1.53 1.26 1.51 1.26 1.86 1.28
Ca0 2.63 3.22 2.89 3.07 3.07 3.30 3.09
Na,0 4.69  4.41 4.68 4.36 4.67 4.30 4.33
K20 3.78 3.07 2.60 3.11 2.83 2.20 2.94
P205 0.11 0.18 0.12 0.16 0.12 0.15 0.13
Ba0 0.24 0.22 n.a. 0.20 0.20 0.18 0.21
S o1 0.30  0.39 0.52 0.48 0.80 0.70 0.60
sum  100.59 100.33 100.00 100.42 100.25 100.33 100.16
Rb(ppm) 150 120 n.a. 135 110 125 128
Sr(ppm) 748 675 n.a. 625 860 700 680
qz 20.17 21.84 24,89 21.59 21.75 25.01 24.33
or 22,34 18.14 15,36 18.38 16.72 13.00 17.37
ab 39.69 37.32 39,60 36.89 39.52 36.39 36.64
an 10.71 11.71 11.15 11.79 13.57 13.79 12.2%
di 1.33  2.52 1,96 1.97 0.71 1.30 1.83
hy 3.86 5.13 4,25 5.95 4.75 6.99 4.45
ot 1.01 1.49 1.17 1.73 1.12 1.62 1.25
il 0.70 1.16 0.82 1.08 0.8+ 1,01 0.95
ap . 0.25 0.42 0.28 0.37 0.28 0.35 0.30

*column headings refer to sample localities of fig.
tsuffixes for megacryst portions used as in table 2
’FEZOS/FeO titio is based on Fe'**/Fett

52

69.96
0.44
14.82
0.75
1.98
0.03
1.13
2.70
4.33
3.50
0.14
0.21
0.63

100.62

145
555

23.73
20.68

Megacryst Analyses

53 20¢" 206 201 7e 7 71
67.82 64.13 62.93 61.35 65.48 63.50 62.83
0.60 0.23 0.47 0.61  0.39 0.33 0.54
15.22 17.31 18.52 17.96 17.06 18.62 18.07
0.91 0.10 0.12 0.33  0.24 0.12 0.24
2.41 0.27 0.30 0.86 0.66 0.30 0.69
0.04 0.00 0.01 0.02 0.0l 0.00 0.01
1.52 0.20 0.20 0,58  0.44 0.21 0.48
3.16 0.54 1.00 1.32 0.81 0.64 0.96
4.49 2,13 2.43 2,24 2.04 2,13 1.98
3.05 11.76 12.02 11.42 11.45 12.47 12.36
0.17 0.06 0.07 0.07 0.09 0.06 0.07
0.21 0.65 0.61 n.a. 0.59 0.65 0.63
0.54 2.23  1.62 2.80 1.08  1.37 1.67
100.14 99.61 100.30 99.56 100.34 100.40 100.53
110 249 247 n.a. 255 269 265
705 1021 976 n.a. 950 1074 1017
20.81 5.45 0.65 1,11  7.52 1.88 1.47
18.02 69.49 71.03 66.01 67.66 73.69 73.04
37.99 18.02 20.56 18.53 17.26 18.02 16.75
12,37 2.29 4.03 510 3.43 2,76 3.92
1.80 0.00 0.00 0.67 0.00 0.00 0.31
5.42 0.50 0.50 1.35 1.40 0.52 1.17
1.46 0.16 0.00 0,51  0.39 0.00 0.39
1.14 0.44 0.33 1.14 0.74 0.61 1.03
0.39 0.14 0.16 0.16 0.21 0.14 0.16

ratio (0.34) of a rock sample from the Godani pluton

yzed by C.C. Patel of the Geological Survey of Nigeria (wet chemical analysis)

S weight loss on ignition at 1000° C

ot % me;acrysts in outcrop: 2(11.3%),

5,00 out 4(4.0%),

7(10.6%), 16(2.5%),

45(11.3%), 46(13.2%), 47(3.7%)

Hall: Pyroxenes from an ophiolite mélange

PYROXENES OF BASIC ROCKS AND RODINGITES FROM AN OPHIOLITE MELANGE,

SOUTH-EASTERN TURKEY

Robert Hall
Department of Geology, Queen Mary College,

London University, London EL LNS

THE Taurus fold-belt is the southernmost of the two major fold-belts
forming the Anatolian sector of the Alpine-Himalayan mountain chain. The
interior of the Eastern Taurus is occupied by an extensive area of largely
pre-Permian metamorphic rocks known as the Bitlis Massif. This is thrust
southward over an ophiolite-flysch complex which is in turn thrust south-
ward over sedimentary rocks of the Arabian foreland. The ophiolite-flysch
complex is part of a zone of Tethyan ophiclites that occurs discontinuously
throughout the Middle East between Cyprus and Oman (the 'Croissant
Ophiolitique Peri-Arabe' of Ricou, 1971). At the southern margin of the
Bitlis Massif near the village of Mutki ophiolites occur as & tectonic
mélange which consists of blocks of basic voleanics, gabbros and picrites,
radiolarian cherts and other minor sedimentary components, serpentinites
2nd podiform chromite bodies, together with rodingites and silica-carbonate
rocks. All of these blocks are incorporated in @ matrix of serpentinite
(Hall, 1976).

Pyroxenes are common in the basic rocks of the mélange. Textural
evidence suggests that most of them are of igneous origin, despite the
complex thermal and structural history of the mélange, which includes
several episodes of tectonic mixing, metamorphism and metasomatism,
work indicates that igneous clinopyroxenes may survive metamorphism,
without re-equilibration, under conditions of the greenschist facies
(vallance, 1974, 1975) and glaucophane-lawsonite-schist facies {Schubert
and Seidel, 1972; Mevel and Velde, 1976) and therefore microprcbe analyses
were made to determine if the pyroxene chemistry is consistent with an
igneous origin or if there have been changes due to metamorphism and
metasomatism.

Recent

Pe of the tectonic blocks

Yolcanic rocks occur in the mélange in blocks several kilometres across
Which have been metamorphosed and deformed and are marginally recrystal-
lised as greenschists or crossite-bearing schists. The greenschists
contain assemblages typical of the greenschist facies except for the
amphibole which microprobe analysis indicates is hornblende rather than
actinolite. Crossite partly replaces hornblende in some greemschists, and
is the only amphibole in the crossite-bearing schists. The appearance of
either crossite or hormblende seems to be controlled by the bulk-Tock

Fe 03/Fe0 ratio, as shown by Ernst et al. (1970) for similar rocks from the
Sanbegava terrain. The cores of the blocks are meta-besalts, imterbanded
with radiolarian cherts, which frequently have agglomeratic textures and
contain both lithic and mineral fragmepts. Mineral sssemblages in the
meta-basalts are clinopyroxene + albite + chlorite + sphene + opagues *
crossite, The petrography and minerslogy of the volcanic rocks (Hall,
197L) suggests that they have been metamorphosed under conditions tran-

sitional between the glaucophane-lawsonite schist facies and the green-
schist or greenschist-amphibolite transitional facies of Turner (1968).
Metamorphic pyroxenes crystellised under these conditions are likely to
green sodic pyroxenes with compositions between omphacite and aegirine-
augite (Essene snd Fyfe, 1976; Brown, 197h; Newton and Fyfe, 1976). In
one meta-basalt a green clinopyroxene, whose optical properties indicate
aegirine-augite, occurs in a cavity as sub-idioblastic elongate prisms
intergrown with albite and an opaque phase. This pyroxene is interpreted
as metamorphic in origin. All the other clinopyroxenes in the meta-basalts
appear to be igneous relics. Colourless euhedral phenocrysts up to 2 mm
in length occur both in and between lithic fragments, often with a ground-
mass of pink granular pyroxene. Crossite, when present, nucleates on the
clinopyroxene, and epidote, actinolite and carbonate occur as late meta-
morphic vein-filling phases.

be

Gabbros and picrites occur as blocks usually less than three hundred metres
across. The picrites often have a marked minerslogical layering, and
consist of cumulus olivine, with clinopyroxene and plagioclase as inter—
cumulus phases. Orthopyroxene occurs in some samples. These rocks have
escaped any significant metamorphism; olivine is partly serpentinised,

but the pyroxenes are generally quite fresh. The gabbros have been
metamorphosed, but under different conditions to those prevailing dwring
the metamorphism of the volcanic rocks. They are partislly altered to
actinolite + chlorite + albite assemblages; plagioclase is always altered,
but usuelly a relict igneous texture is preserved, often with clino-
pyroxene. Olivine (Fogs) occurs in one sample. Where completely recry—
stallised, assemblages are typical of the greenschist facies, and i

contrast to the meta-volcanics crossite is absent, while actlnollte rather
than hornblende is the characteristic amphibole. In addition, the gabbros
and picrites always show some signs of calcium metasomatism while the
meta-volcanics do not. In the picrites and many of the gabbros this
metasometism has resulted in an alteration of the original plagicclase

to a fine-grained intergrowth of grossular, prebnite and clinozoisite. In
some blocks alteration is more extensive andclinopyroxene may coexist with
such minerals as grossular, prehnite, and idocrase. Although these rocks
often have a gabbroic appearance, and correspond to the 'rodingites' of
some authors (see review by Coleman, 1967) it is difficult to be certain
if the clinopyroxene is a relict igneous phase, or is of metasomatic
origin. This problem is complicated because these rocks almost always
show some signs of cataclasis, and may be extensively mylonitised,

Byroxene compositions

Eight rocks containing clinopyroxene were selected for study: two meta—
basalts (RH95, RH290), two gabbros (RHL16, RH203), two rodingites (RH228,
RML7) and two picrites (RM15, RMI9). Fach sample is from a separate block
in the mélange. Mineral analyses were made using the Microscan V micro-
probe at University College London, operated at an accelerating voltage of
20 kV with @ specimen current of approximately 2 x 10~ AL
pyroxenes were analysed for Si, Ti, Al, Fe, Ma, Mg, Ca, Na, X and Cr.
Pure metal standerds were used for Ti, Mn and Cr, and natural silicate
standards for the other elements. The raw data vere reduced using the
BM-IC~-NFL computer programme {(Mason et al., 1969).

The compositions and structural formulae of the analysed pyroXxenes are
presenbed in Tables 1 to 4. None of the pyroxenes was zoned with respect
to Ca, Mg or Fe, and with the exception of groundmass pyroxenes from meta—
vasalt RH290, and rodingite RML7 which contains two chemically distinct
clinopyroxenes, there is very little compositional variation between
different grains in the same rock (fig. 1}.
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the mélange rocks.

Picrites (RMIS, 9). The clinopyroxenes from both the picrites are
diopsides with a high Cry03, relatively low Alg03, and low TiOp. Fig. 1
shows the compositions of coexisting clinopyroxenes, olivines and ortho-
pyroxenes in these rocks. In RMI9 diopside coexists with olivine (Fogs)
and altered plagioclase, while in RMLS compositionally identical diopside
coexists with olivine (Fog;), bronzite (Enyg-gp) and altered plagioclase.

In both rocks the olivine was the first miperal to crystallise (in RML9
olivine is & cumulus phase), and the diopsige was later. It is not cleer
from the textures whether the few grains of orthopyroxene (4 modal percent)
represent & cumulus phase or crystallised at the same time &s the diopside.
In the Bushveld intrusion (Atkins, 1969) compositionslly similar diopside
of the Basal Series is an intercumulus phase coexisting with cumulus ortho-
pyroxene more magnesian (Eng3 g.) then that of RMI5. This suggests that the
two pyroxenes of RMLS msy have Qrystallised together as intercumilus phases.

Gabdbros (Rf116, RH203) and rodingites (RH228, RMLT). In the two gabbros
igneous textures ere well-preserved and the clinopyroxene appesrs Lo be
unaffected by alteration. The clinopyroxenes are diopsides and salites and
are similar to the diopsides from the picrites except in having higher total
iron, and lower MgO and Crp03. In the rodingites calcium metasomatism has
Deen more extensive. The plagioclase of RH228 has been completely replaced
by coarse-grained prehnite although a gebbroic texture is preserved, while in
RMLT clinopyroXene coekists with idocrase end grossular and the rock has a
cataclastic fabric. Eoth rocks are veined by these calcium aluminum
silicates. No orthopyroxene nor exsolved lamellse of Ce-poor pyroxene have
been observed in any of the gabbros or rodingites. The clinopyroxenes from
RH228, which are endiopsides, are less calcic then those of gabbro RH203
although otherwise similar. In RMLT two chemically and texturally distinet
clinopyroxenes coexist. Augite, similar in composition to the selite of
gabbro RH116, but slightly less caleic, occurs as equidimensional anhedral
grains up to 1 mm across which are often cracked or broken. The second
clinopyroxene occurs msinly as elongate prisms, often bent, and less than
0.5 um in length, which are intimately intergrown with idocrase and
grossular, This pyroxene has much higher Ca0 (plotting outside the
pyroxene quadrilatersl, fig. 1), lower total iron and 1203, and much lower
MnO, Nap0, Crp03, TiOp than the first pyroxene. It is referred to below as
super-calcic diopside.

Mets-basalts (RHOS, RH290). Compositions of phenocrysts from RH29O resemble
those of the salites and augites from gabbro RH116 and rodingite RMLT except
in heving higher TiOz and slightly higher Naj0, and pyroxens analyses from
the three rocks overlap on the pyroxene quadrilatersl {fig. 1). The large
area of scatter of groundmass pyroxenes from RH290 may partly reflect the
problems of analysis of very small arains (less than 0.15 mw in length) with
the microprobe. They sre less well polished than the phenacrysts, and their
small size means that the problem of returning to exactly the same point
during the analysis is likely to be more significant than for the large,
compositionally homogeneous and well-pelished grains of the picrites,
gabbros and rodingites. This difficulty is reflected in the totals of the
analyses, which are often slightly lower than those of the larger grains.
Despite this the analyses are believed to give a reasonable indication of
composition and variation of groundmass pyroxenes. They have consistently
higher total iron than coexisting, more homogenecus, phenocrysts, and
slightly higher TiO, as suggested slso by their pinkish colour. Clino-
pyroxenes from RHOS are similar to the phenocrysts of RH290 in most
respects, having higher TiOp than the clinopyroxenes from the picrites,
gabbros and rodingites, but they are distinguished from all the other
analysed clinopyroxenes, except the super—calcic diopside, by a higher
proportion of the Ca end-member and are clearly separated on the pyroxene
quadrilatersl (fig.1). This difference has been confirmed by repetition of
the anslyses,

Compositions of clinopyroxenes, orthopyroxenes,and olivines from

Di ion of the pyroxene chemistry
i the blocks in the mélange is completely wnaffected by
bt n:nsroiecrystallisation it is wareasonsble to assume 8 parrqcula;
origin for the pyroxenes. However, despite the different metasorphic e
metasomatic events affecting the different blocks there iz a s‘_n-prls:.ngly
small range in the composition of the clinopyroxenes and this is most
easily explained by postulating that they are of igneous origin and have
suffered 1ittle or no post-crystallisation change. Moreover, in the .
picrites igneous textures are preserved, two pyroxenes coexist with only
partially serpentinised cumilus olivine and all three minerals havesveq
similar compositions to those of cumilate assemblages in the Basal Series
of the Bushveld Complex (Atkins, 1969). The pyroxenes are cc_;mposnmnalu
homogeneous, and the clinopyroxenes have very high Crp0; typical of eari){—
formed igneous clivopyroxenes. Despite the g{'e?nsch)st facies ma](;amorp ism
the pyroxenes of the gabbros are chemically similer to those of t)e
picrites and the differences (higher iron and lower Mgl =nd Crg03) are
éxactly those to be expected from pyroxenes of more fractionated ignedus
Tocks. A metsmorphic origin is unlikely since metamorghic pyroxenes are
Wwiknown under conditions of the greemschist facies. The meta-basalts have
also suffered loy-grade metamorphism, but of a higher pressure type and
petamorphic pyroxenes are known from rocks recrystallised under these
conditions. However, the pyroxenes of meta-basal® RH2S0 are chemlcs-zly)'
quite different from such metamorphic pyroxenesA(?ssene and Fyfe, 1967),
having much lower MagO end higher Ti0p. In addition, the rock has &
relict igneous texture with phenccryst end groundmass pyroxenes,
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basalt RH290.
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there is a compositional overlap of the phenccrysts of RH290 end pyroxenes
from gabbro Ré116 despite their different metamorphic histories, end there
is a distinet compositicnai separation (fig. 1) of phenocryst and ground~
mass pyroxenes with the lutter having higher total iron and Ti0p; all these
features indicate an igaeous origin for the pyroxenes. A plot of Al
against Ti for pyroxenmes from RH290 (fig. 2} shows a good correlation
supporting the substitution Tiy + 2M1, == MZ* + 25i, typical of igneous
pyroxenes {Le Bas, 1962).

Metasomatism appears to have had no effect on the original igneous clino-
pyroxene chemistry. Although calcium metasomatism has been more extensive
in the rodingites their ciinopyroxenes (except for the super-calcic diopside,
see balow) are actually less calcic than those of the gebbros. Phenoerysts
from meta-basalt RH290 overlap in composition with pyroxenes from gabbro
RH11€ and rodingite RMLT despite the fact that the meta-basalts have not
been affected by the calcium metasomstism. The relict gabbroic textures of
many of the rodingites, and the similarity of clinopyroxene compositions
from rodingites to those from rocks less affected or wnaffected by meta—
somatism, indicates the igneous origin of the rodingite endiopsides and
augites.

The effect of the metasomatism in RMLT has been to produce a second,
texturally distinct, clinopyroxene which is clearly chemically different
from the augite interpreted as igneous in origin. This super-calcic
diopside is characterised by low Cr, Ti, Na, Mn and Al, and high Ca and Si.
The explanation for this distinctive chemistry probsbly lies with the fluids
responsible for the metasomatism. Barnes and O'Neil (1969) have suggested
that these fluids may be similar to unusual caleium hydroxide waters issuing
from partly serpentinised alpine—type ultramafic bodies of the western
United States. These fluids probebly result from the process of serpentini-
sation of the witramafics and are supersaturated with respect to diopside.
They would be incapadle of dissolving the calcium-rich igneous pyroxenes
from blocks in the mélange, but would precipitate diopside, whose chemistry
would reflect the small amounts of Cr, Ti, etc. in solution. In view of
this, end the compositional homogeneity of pyroxenes from blocks showing
varying emounts of alteration, it seems reasonable to suggest that the
calcium metasomatism has resulted in no change in the chemistry of the
clinopyroxenes of igneous origin, while causing the precipitation of the
super-caleic diopside intergrown with idocrase and grossular.

The pyroxenes of meta-basalt RHYS are separated on the pyroxene
quadrilateral (fig. 1) from all the other clinopyroxenes. Their chemistry
indicates that they are not of metamorphic origin (as with pyroxenes from
RH290 Na 0 is too low, and Ti0p too high), end since none of the meta-basalts
is affected by the calcium metasomatism the high proportion of the Ca end~
member in the pyroxenes is thought to be an original feature. There is
greater scatter for these analyses than for those from any other rock, but in
view of their general similarities to the pyroxenes from gabbro RH116 and
phenocrysts from meta-basalt RH290, and the compositional homogeneity of
individual grains, it is suggested that the pyroxenes from RH95 crystallised
from a melt of different composition from that of the ather rocks.

The evidence for an igneous origin for most of the clinopyroxenes, their
trend of iron enrichment and sympathetic decrease in Crp03 from picrites,
through gabbros and rodingites (metasomatised gabbros) to meta-basalts, and
enrichment io Ti0p in the meta-basalt groundmass pyroxenes, indicates that
all the basic rocks, with the possible exception of RH95, originated in a
single igneous complex. The very small range in composition of the clino-
pyroxenes, and their calcic character support this conclusion. It is
extremely unlikely that random sampling of several chemically unrelated basic
complexes, would result in the range and type of chemical variation deseribed
heve.

Chemica} affinities of the rocks

Besic igneous rocks of ophiolite complexes are commonly extensively
altered and much discussion (see for example Miyashiro, 1973, 1975Sa, 1975b;
Moores, 1975; Gass et al., 197S; Church and Coish, 1976) has drawn attention

[ di
ne <% 0 *
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Tholeiitic

ol hy
* Picrites © RHYS
¢ Gabbros * RH290 (phenocrysts)
» Rodingites  ® RH290 (groundmass)

Fig. 3. Compositions of igneous climcpyroxenes from the mélange rocks
in molecular percentages of normative components ne - di - ol - Q.
Symbols as in fig. 1. Fields of alkaline and tholeiitic basaltic rocks
from Coombs (1963).

to the difficulties of using bulk-rock major element analyses to determine
their original chemical affinities. If the igneous clinopyroxenes have
survived unchanged, as argued above, their chemistry should indicate the
nature of the original basic magma. Coombs (1963) has suggested the use of
the pyroxene norms as aids in the discrimination of basaltic types, and
vellance (197h) believes that the norms are the most useful discriminants
in altered mafic rocks. In fig. 3 the normative compositions of the igneous
clinopyroxenes from the mélange are plotted on a ne — di - ol - Q diagram
with fields of alkaline and tpoleiitic basaltic rocks from Coombs (1963).
ALl the pyroxenes from the picrites, gabbros and rodingites fall very
clearly within the field of tholeiitic rocks, and most fall outside the
alkaline basalt field. The pyroxenes from the meta-volcanic rocks are
mostly nepheline normative. Those from RHOS plot outside the tholeiite
£ield, and nine of the ten anslyses fall within the alkalipe basalt field.
The pyroxenes from RH290 scatter more widely; the phenocryst pyroxenes
cluster in the ares of overlap of alkaline and tholeiitic basalts while the
groundmass pyroxenes are widely scattered. It should be noted that in the
microprobe analyses total irom is expressed as Fe2+. Fe3+ is unlikely to
be large in any of the @nalyses, but its effect would be to make the norms
more tholejitic. @ would appsar instead of ol, and hy would increase.
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Fig. %. Comparison of compositions of igneous clinopyroxenes from the
mélange rocks with those of tholeiitic rocks from the Bushveld Complex
(Atkins, 1963) and North Atlantic (DSDP Leg 38, Sites 336, 337, 338 and
344, Ridley et al., 1976). Fields of mélange pyroxenes from fig. 1.

The norm plot supports the suggestion made above that the pyroxenes of

RHO5 are chemically different from those of the other rocks and suggests
that they are alkalic in character. Assuming the other rocks originated
in a single complex, as argued above, the norm plot indicates that they are
more likely to be tholeiitic than alkalic. This conelusion 1s supported by
the coexistence of ortho- and clinopyroene in some of the picrites.

omparison of the compositions of the clinopyroxenes from the mélsnge
mgkrsrp:?‘h those of tholeiitic rocks of the Bushveld Complex gAckms, 1969)
and the North Atlantic (DSDP Leg 38, Ridley et al., 1976) indicates a
reagonable similarity {fig. 4), although the mflange pyroxenes tend to be
more calcic. They are certainly more csleic than pyroxenes from the
Pacific (fig. 5) considered to be "unguestionably ocean-ridge tholeiitic
basalts” (DSDP Leg 33, Jackson et al., 1976), and also more calcic than
pyroxenes from Haweiian tholeiites (Fodor et al., 1975)._ similar pyroxenes
to those of the mélange rocks occur in the Sofala volcanics of New South
Weles {fig. 5) which Barron {1976} has concluded telong to a suite of
calc-alkaline rocks.

D d

e Sofala

& Ste AA

Diopside

s

487
40|
Endiopside Augite

i i iti i i from the
Fig. 5. Comparison of compositions of igneous clinopyroxenes

mélange rocks with those of tholeiitic rocks from the Pacific (DSDP Leg 33,
Site 3L7A, Jackson gt al., 1976) and cale-alkaline volcanies from Sofale,
Hew South Wales (Barrom, 1976). Fields of mélange pyroxenes from fig. 1.

Kushiro (1960) and Le Bas (1962) have suggested the use of Al end Ti
contents of the clinopyroxene as indicators of the alkalinity of the parent




magna, but recent work (Barberi et al., 1971; Gibb, 1973) bas indicated
that this approsch mey be wnreliable. The Al and Ti contents probably
reflect the silica activity of the melt, and the conditions under which
the pyroxenes crystallised, and are not diagnostic of parental magma type.
Consequently, Barberi et al. (1971) cast doubt on the relisbility of
clinopyroxene compositions in determining the affinities of basaltic
volcanic rocks. Despite this, Nisbet end Pearce (1977) have used diserimi-
pant analysis in an attempt to relate clinopyroxene compositions to basalt
types from different tectonic settings. They claim that results of this

Fy
-100 . , ~0.50

WPA
-2.40
Fa

*
*

-2.50

*

o RH95
* RH290 (phenocrysts)
= RH290 (groundmass)

Fig. 6. Plot of discriminant functions F) snd Fp for pyroxene analyses
from meta-basalts RH9S end RE290 from the mélange. Symbols as in fig. 1.
Fields of magma types are from Nisbet and Pearce {1977): occan-floor
basalts {OFB), volcenic arc basalts (VAB), within-plate tholeiitic basalts
(VAB), within-plate tholeiitic basalts (WPT), and within-plate alkalic
basalts (WPA).

technique are consistent with those obtained using immobile trace elewents
from rocks which indicate that spilitised lavas from Othris, Greece

resemble basalts and basaltic andesites from present-dsy island ares. On
the other hand, Hynes (1974, 1975) has used clinopyroxene norms to support
his ergument that the Othris rocks were not formed in an island arc, but
are similar to ocean-ridge tholeiites. A plot of the discriminant functions
F1 and Fp (Nisvet and Pearce, 1977) for pyroxene analyses from the two meta-
basalts of the mélange fails to indicate their affinities since the points
scatter in all of the four basalt fields(fig. 6).

A1 this demonstrates the difficulties of using clinopyroxene analyses to
determine unambiguously the nature of the parent wagua. It may be that the
melange rocks are transitional between tholeiitic and alkalic basaltic rocks.
This would explain the general similarities, and the Ca-rich character, of
the clinopyroxenes compared to those of tholeiitic rocks. It would explain
the presence of orthopyroxene in some of the picrites, while accounting for
its absence, and the absence of exsolved Ca-poor lamellae in clinopyroxene,
in the gabbros.

Irace elements

Til00

Zr Y.3

Fig. 7. Ti - Zr - Y discrimination diagram for mete-volcenic rocks from the
the mélange. Basalt fields from Pearce and Cann (1973): within-plate
‘basalts plot in field D, ocean—floor basalts plot in field B
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In the context of the pyroxenme cata it is interesting to consider the
affinities of the basic rocks as revealed by the tracc element data from
whole rocks. Pearce and Cann (1971, 1973) have argued that the elements
Ti, Zr end Y appear to be immobile during alteration and low-grade meta-
morphism, and may be used to distinguish between basic volcanic rocks
formed in different tectonic settings. Data from thirteen meta-volcanic
rocks from the mélange is plotted ou a Ti - Zr - Y diagram {fig. 7).
Only four of the rocks are mets-basalts {i.e. contain relict clinopyroxene};
the remainder are greenschist or crossite-bearing greenschists. Twelve
of the thirteen samples cluster very closely, which suggests that these
elements have been effectively immobile during metamorphism. The twelve
samples plot in, or close to, the field of 'within-plate bssalts' which
includes both continental and oceanic rocks, Geological considerations
(Hall, 1976) indicate the oceanic nature of the mélange rocks, which must
therefore be compared to 'within-plate oceanic-basalts' which include
tholeiites, and intermediate- and ultra-alkaline rocks from ocean islands
(Pearce and Cann, 1973). Therefore, although this method provides no
unambiguous solution to the nature of the mélange rocks, it supports the
conclusions drewn from the pyroxene apalyses which indicate that they are
not typical ocean-ridge tholeiites.

Conclusions

This work supports the view that igneous pyroxenes can survive low-grade
metamorphism at moderate to high pressures. It appears also that they are
resistant to extensive calcium metasomatism under certain conditions, and
that metasomatic clinopyroxenes are chemically distinctive and quite
different from igneous clinopyroxenes. The pyroxene chemistry, and whole-
rock trace element data, indicate that rocks from the Mutki ophiolitic
wmélange are different in several ways from tholeiites typical of present—
day oceanic ridges. The range and type of chemical variation in the
igneous clinopyroxenes indicates that most of the basie rocks of the mélange
originated in a single igneous complex. Such a conclusion is evident for
the layered ophiolite complexes such as those of Cyprus, Hatay and Oman, but
where original relationships have been disrupted as in the case of the
ophiolite melanges of the Middle Eest, this is an important starting point
in attempts to unravel their histories. These mélange terrains are
probably much more organized than their apparently chaotic appearance would
suggest {see for example Norman, 1975; Hall 1976) and their histories may
provide many insights into the destructional pl: ins.
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Table 1.  Electron microprobe analyses and structural formulae of Table 1 (continued)

pyroxenes from picrite blocks in the mélange. Total iron

as FeO.

RN.9/1 RM19/2 BM19/3 RM0Y/5 RM19/6 RM19/7 RIS/ RH15/% RM15/6 R15/7 RM15/8 RM15/9  RM15/10
Si0, 52.86 53.37 52.66 5%.39 53.05 52.87 52.77 810, 55.81 55.74 52.51 52.43 52.69 52.83
Alzo3 2.92 2.50 2.77 2.64 2.63 2.63 2.71 AIZO) 1.25 1.39 2.76 3.4 2.80 2.50
Tioz 0.27 0.20 0.19 0.20 0.20 .21 Q.22 110, 0.16 0.18 0.35 0.17 0.18 0.15
Cr,05 0.87 0.97 1.00 1.03 0.93 0.93 0.9 Or 05 0.10 0.17 1.10 122 0.92 0.9?
Fe0 3.92 3.79 3.80 3.68 3.9 k.02 3.97 Fel 11.59 11.50 3.79 3.86 3.97 4.01
Moo 0.13 0.11 0.12 0.12 0.13 0.1% 0.13 MmO 0.3 0.30 0.15 0.1 0.13 0.13
Mg0 16.53 16.93 16.63 16.75 16.58 16.61 1644 MgO 29.h2 28.99 16.62 16.52 16.77 16.78
Ca0 22.37 22.14 22.11 22.07 22.00 22.02 22.01 Ca0 1.29 1.39 22.30 22.26 22.25 22.19
Va0 0.17 0.16 0.20 0.17 0.19 Q.16 0.20 Na 0 0.0l 0.01 0.16 0.18 0.17 0.19
%0 0.00 0.00 0.00 0.00 0.01 0.00 0.00 K50 0.00 0.00 0.00 0.00 0.00 0.00
Total 100.05  100.07  99.53  100.05  99.68  99.58  99.kL Total — 99.9%  99.67  99.54  99.82  99.88  99.75
Tonic ratios to 6 oxygens Ionic ratios to 6 oxygens
Si 1.928 1.943 1.930 1.942 1.940 1.937 1.9% 8i 1.977 1.979 1.926 1.918 1.926 1.934
atY 0.072 0.057 0.070 0.058 0.060 0.063 0.06k Y 0.023 0.021 0.074 0.082 0.07h 0.066
avt 0.054 0.046 0.050 0.056 0.054 0.050 0.054 v 0.029 0.037 0.046 0.054 0.047 0.0k2
Ti - 0.007 0.005 0.Q05 0.005 0.006 0.006 0.006 Ti 0,004 0.005 T.004 ©0.005 0.005 0.004
(=% 0.025 0.028 0.029 0.030 0.027 0.027 0.028 or 0.003 0.005 0,032 0.032 0.027 0.028
Fe?* 0.120 0.115 0.116 c.112 0.121 0.123 0.122 Fe?* 0,343 0,341 0.116 0.118 0.121 0.123
Mn 0.004 0.003 0.00% 0.004 0.004 0.004 0.004 Mn 0.009 0.009 0.005 0.00% 0.004 0,004
Mg 0.899 0.919 0.911 0.908 0.904 0.907 0.899 Mg 1.553 1.5%4 0.909 0.901 0.914 0.916
Ca 0.874 0.864 0.868 0.860 0.862 0.864 0.865 Ca 0.049 0.053 0.877 0.873 0.872 0.870
Na 0.012 0.011 0.01% 0.012 0.013 0.011 0.014 Na 0.001 0.001 0.011 0.013 0.012 0.013
K 0.000 0.000 0,000 0.000 0.000 0.000 0.000 X 0.000 6.000 0,000 0.000 0.000 0.000
Sum 2 2.000 2.000 2.000 2.000 2.000 2.000 2.000 Sum 2 2.000 2.000 2.000 2.000 2.000 2.000
Sum X+Y  1.995 1.992 1.998 1.987 1.991 1.993 1.992 Sum X+ 1.992 1.985 1.999 2.000 2.001 2.001
Cations - atomic per cent | Cations - atomic per cent
Mg W7 48.3 18.0 48.2 47.8 4.8 7.6 g 79.5 79.2 47.7 7.5 7.8 7.9
Fe+Mn 6.5 6.2 6.3 6.1 6.6 6.7 6.7 FeMn 18.0 18.1 6.3 6.5 6.6 6.6
Ca 46.1 5.4 45.7 45.7 45,6 45.5 45.8 Ca 2.5 2.7 46,0 46.0 45.6 45.5

Table 2,  Electron microprobe amalyses and structural formlae of

pyroxenes from gabbro blocks in the mélange. Total iron

as FeO.

RML RM19, RM1:
59 /0 RIS/ /2 R5/3 RASA RI6/L  RHLI6/A  RHIL66  RNIIG/7  RELLE/S  RH203/1

SiOz 53.36 52,83 55-3¢ 55.10 55.89 56.16

540 1.8 52,42 1.16 52.84 51.97 53.64
41,0 2.67 2.92 1.26 1.25 1.20 217 CO R g
3 ALO 2.87 2.77 3.99 2.91 2.76 1.88
70, 0.26 0.15 0.15 0.15 0.25 0.22 23
Ti0, 0.4 0.32 0.35 0.34 0.41 0.19
Cr.0. 0.87 1.01 0.08 0.07 0.03 0.0k 2
Feo ? 3.97 3.70 11.97 12.11 1 6 2% 0-32 028 03 026 pe o
97 22 Ll FeO 6.96 6.21 6.37 5.90 6.33 4.k
HnO 0.12 0.11 0.34 0.3 0.3 0.34
o b6 e oo e . Mn0 0.21 0.18 0.17 0.13 0.20 0.13
9 28,3 .62 29.47 29.27 Mo 14.73 15.22 14.67 15.24 1k, 7h 16.73
a0 22,24 22.21 1.49 154 1.54 1.59
ca0 2234 22.59 2148 22,00 22,19 22.28
Na0 0.28 0.16 0.03 0.01 .02 c.c2
Ha 0 0.19 .19 0.20 0.23 0.18 0.21
K0 0.00 0.00 .00 .01 0.0 .00 2
K0 0,00 0.00 0.01 0.00 0.00 0.00

Total 100., .
ota 33 99.58  98.92  99.17  99.93  99.97 Total 9951  100.18  98.75 100,00  99.07  59.84

Tonic ratios to 6 oxygens
Ionic ratios to & oxygens

8 1. 1. . . . 985
i %29 9% LSB Lo7s Lo 198 51 1.922 1.930 L.508  L.9M 1.935  1.961
A 0.061 0,067 0.016 0.025 0.022 0.015 iv 5
v 0.055 0.0 N a1 0,078 0.070  0.092  0.059  0.065  0.039
- 0.007 O.Ozi o.o}: O.ozz 0,028 0.034 v 0.047 0.050 0.08Y4 0.067 .  0.056 0.042
5 K . X . . .
000! 00 0-007 0.006 o1 0.012 0.009 0.010 0.009 0.011 0.005
cr 0.025 0,029  0.002  0.002  0.001  0.00%
e o121 onts o o6 oo o cr 0.009  0.008  0.010  0.010  0.009  0.010
. . . . 3% Fe2* 0.216 0.191 0.199 0.181 0.197 0.136
Mn 0.00k 0,003 0.000  0.009  0.009  0.010 .
Mo 0.007 0.006 0.005 0,006 0.006 0.004
Hg 0.902  0.899  1.513  1.529  1.55  L.Sh2
Ca 0.866 0.871 0,057 0,0 6 e 0-81 0-825 0-815 0-824 o8 oz
E - 05 -059 0.058 0.060 Ca 0.887 0.891 0.858 0.866 0.885 0.873
Na 0.013 0,011 0,002  f.001  0.001  0.001
. oo 0000 o000 e o Na 0.015  0.014 0.0  0.016  0.013  0.015
- 8 - - 000 0.000 3 0,000  0.000  0.000  0.000 0,000  0.000
S Z 2.000 2,000 . ! B o
. ot vsor Lo i ogo i 0oo 20002 ogo Sum % 2.000  2.000 2,000 2,000 2.000 2000
Sum X+ . . . 8 . .
985 995 1981 1.98 Sum XeY  2.006 2,00k 1.997  1.990  1.995 1.9

Cations - atomic per cent
Cations - atomic per cent

Mg b7.7 47.7 78.0 78.c 79.5 79.4

M b2, 43.4 3.4 Bh.2 2. 42,4
Fe+Mn 6.6 6.2 19.¢ 19.0 17.5 17.5 ,F M 1 Z 12 2 11 10 i : 3
ca 5.8 46.2 3.0 3.0 3.0 3.1 rew ’ ) - > 7 .)

B Ca 46,1 46.3 45.7 45.9 46.4 45,4



Table 2 (continued).

RH203/2 RH203/3 RH203/4 RH203/5 RH203/6  RE203/7
510, 53.59 53.58 53430 535.46 53.58 53.81
41,0, 1.86 1.84 1.88 1.92 2.02 1.99
10, 0.17 0.17 0.18 0.19 0.20 0.19
Crzo3 0.35 0.36 0.29 0.35 0.36 0.35
Fel LRV h.ho 4.48 bl h.hg h.33
Ma0 0.13 0.17 0,14 0.4 0.14 0,34
Mg0 16.76 16.77 16.80 16.69 16.54 16.52
ca0 22.12 22.22 22.00 22.27 22.24 22.22
Na 0 0.19 0.15 0.9 0.2k 0.19 o.22
K 0 0.00 0.00 0.00 0.01 0.00 0.00
Total 99.64 99.66 99.26 99.71 99.76 99.77
Ionic ratios to 6 oxygens
51 1.962 1.962 1,960 1.958 1.960 1.966
aty 0.038 0.038 0.0k0 0.042 0.040  0.034
a 0.043 0.0k1 0.041 0.041  0.087  0.052
Ti 0.005 0.005 0,005 0.005 0.006 0.005
cr 0.010 0.010 0,008 0.010 0.010 0.010
Fet 0.137 0.135 0.138 0.136 0.137 0.132
Mn 0.004 0.005 0,00k 0.00h 0.004 0.00%
g 0.915 0.915 0.921 0.911 0.902 0.900
Ca 0.868 0.872 0.867 0.874 0.872 0.870
Na 0.013 0.011 0.01k 0.017 0.013 0.016
K 0.000 0.000 0.000 0.000 0.000 0.000
Sum 2 2.000 2.000 2.000 2.000 2.000 2.000
Sum X+Y  1.99% 1,994 1.997 1.999 1.992 1.989
Cations - atomic per cent
Mg 47.6 47.5 42,7 h7.3 471 47.2
FeaMn 7.3 7.3 7.4 7.3 74 7.2
Ca 45.1 45.2 L9 454 45.5 45.6
Table 3.  Electron microp: analyses and ral formulee of

pyroxenes from rodingite blocks in the mélange. Total iron
as Feo. (™ metasomatic pyroxenes).
RMI?/2  RML7/3  RM17/4  RM17/5  RML7/6  RM17/7  RM17/8

810, 53.28 52.97 53.03 53.11 53.34 52.68 53.15
AL,04 1.58 1.82 1.84 1.86 1.65 2.04 1.6
T80, 0.21 0.23 0.24 0.23 0.22 0.2k 0.23
ery0y 0.18 0.32 0.17 0.18 0.22 0.6 0.24
FeO 6.93 6.76 7.02 7.30 6.97 7.21 7.06
Mno o.21 0.21 0.20 0.21 0.21 0.23 0.19
Mg0 15.60 15.28 15.49 15.75 15.53 15.47 15.52
ca0 21.77 21.59 21.50 21.25 21.61 21.27 21,52
Naj0 0.16 0.20 0.19 0.18 0.20 0.17 0.17
;0 0.00 0.00 0.01 0.00 0.00 0.00 0.00
Total  99.92 99.38 99.69  100.07 99.95 99.95 99.72
Tonic ratios to 6 oxygens
$i 1.966 1.964 1,961 1.958 1.967 1.947 1.965
a1ty 0.034 0.036 0.039 0.042 0.033 0.053 0.035
" 0.035 0.0k4 0.042 0.039 0.039 0.036 0.037
Ti 0.006 0.006 0.007 0.006 0.006 0.007 ©.,006
cr 0.005 0.009 0.005 0.005 0.006 0.019 0.007
re2t 0.214 0.210 0.217 0.225 0.215 0.223 0.218
Ma 0.007 0.007 0.006 0.007 0.007 0.007 0,006
Mg 0.858 0.844 0.854 0.865 0.854 0.852 0.855
ca 0.861 0.858 0.852 0.839 0,854 0.842 0.853
Na 0.011 0.014 0.014 0.013 0,014 0.012 Q.012
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000
sum 2 2.000 2.000 2,000 2.000 2.000 2.000 2.000
Sum X+Y 1,997 1992 1.99%6  1.999 1995  1.998  1.995
Cations - atomic per cent
Mg b2 bk ,0 Bh,3 hb,7 2 b4,z .3
Fe+Mn 11.4 11.3 11.6 12.0 11.5 12.0 11.6
Ca by bk, 7 .2 43.3 bh,3 43.8 A1

Table 3 (continued).

RM17/9  RML7/10  RM17/11
510, 53.33 53.17 52.74
41,0, 1.79 1.65 1.96
10, 0.23 0.23 0.21
or 0, 0.28 0.15 0.46
FeO 7.12 6.9 6.92
HnO 0.22 0.22 0.21
Mg0 15.41 15.49 15.24
ca0 21.66 21.64 21.78
Na0 0.16 0.17 0.21
Ky0 0.00 0.00 0.00
Total  100.20 99.66 99.73
Ionic ratios to 6 oxygens
si 1.963 1.967 1.953
Y 0.037 0.033 0.047
av 0.0l 0.039  0.039
Ti 0,006 0.006 0.006
cr 0.008 0.004 0.013
a2t 0.219 0.215 0.214
Mo 0.007 0.007 0.007
Mg 0.846 0.854 0.841
Ca 0.854 0.858 0.864
Na 0.011 0.012 0.015
K 0,000 0,000 0.000
Sum 2 2,000 2.000 2.000
sum X+Y 1,993 1.995 1.999
Cations - atomic per cent
Mg 43,9 44,2 43,7
Festn  11.7 1.5 1.5
Ca LR LR bh.g
m17/18" RM17/16™  RH228/1
si0, 54.65 54.66 53.07
ALO5 1.01 1.19 2.36
T30, 0.00 0.00 0.32
Cry0y 0.00 0.01 0.38
FeO 3.32 3.7% 4.98
¥no 0.08 0.07 0.22
Mgo 15.20 15.03 16.78
Ca0 25.70 25.73 21.48
Na0 0.0% 0.03 0.28
K50 0.01 0.00 0.00
Totel 100,01  100.46 99.87
Ionic ratios to 6 oxygens
51 1.997 1.992 1.943
aty 0.003 0.008 0.057
mn’ 0,041 0,043 0.045
T8 0.000 0.000 0.009
[33 0.000 0.000 0.011
Fe2t 0.101 0.114 0.152
Mn 0.002 0.002 0.007
Mg 0.828 0.816 0.916
Ca 1.006 1.005 0.843
Na 0.003 0.C02 0.020
K 0.000 0.000 0.000
Sun 2 2.000 2.000 2.000
Sum X+¥  1.983 1.983 2.002
Cations - atomic per cent
Mg k2.7 42,1 47.7
Fe+Mn 5.k 6.0 8.3
ca 51.9 51.9 43,9

M47

RM17/1™ RM17/137  mM17/14™

54.69 54.57 54.85
a1 1.31 1.00
0.00 0.00 0.01
0.00 0.01 0.00
4.05 2.92 2.99
0.08 0.09 0.08

14,92 15.50 15.52

25.83 25.73 25.87
.04 0.04 0.06
0.00 0.00 0.00

100.82  100.17  100.38
1.990 1.988 1.995
0.010 0.012 0.005
0.042 0,044 0.038
0.000 0.000 0.000
0.000 0.000 0.000
0.123 0.089 0,091
0.002 0.003 0.002
0.809 a.842 0.841
1,007 1.004 1.008
0.003 0.003 0.004
0,000 0.000 0.000
2.000 2.000 2.000
1.986 1.985 1.985

.7
6.5
51.9

RH228/2

52.89
2.49
0.36
0.46
5.01
0.18+

16.71

21.53
0.29
0.00

99.92

1.937
0.063
0.0hb
0.010
0.013
0.153
0.006
0.912
0.845
0.021
0.000

2.000
2.003

47.6
8.3
AR

3.4
4.7
51.8

RH228/3

52.99
2.37
0.32
0.41
5.00
0.19

16.77

2149
0.28
0.01

99.83

1.951
0.059
0.0k
0.009
0.012
0.153
0.006
0.916
.84y
0.020
0.000

2.000
2.003

47.7
8.3
4,0

43.3
4.8
51.9

RH228/4

53.04
2.37
0.33
0.38
4,98
0.19
16.75
21.46
Q.29
0.00

99.79

1.943
0.057
0.045
0.009
0.011
0.153
0.006
0.914
0.842
0.021
0.000

2,000
2,001

47:7
8.3
44,0
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Table 4.

pyroxenes from meta-basalt blocks in the mélange. Total
® p

iron as FeO.

&

Electron microprobe analyses and structural formulae of

3 U

Py

J.

RH290/3P RH290/4° RH290/6P RH290/7° RH290/8P RH290/19° ®H29C/20P

5102 59.09 50.91
A1,0, 3.72 1.87
110, 1.7 1.05
Cr 04 0.49 0.36
FeO 6.99 6.87
MnO 0.16 0.13
MgoO 14.65 15.52
Ca0 21.37 21.73
Na 0 0.40 0.30
K50 0.00 0.01
Total 98.63 98.75

Tonic ratios to 6 oxygens

Si 1.851 1.913
alv 0.149 0.083
vt 0.017 0.000
™ 0.050 0.030
or 0.015 0.011
Fe2* 0.220 0.216
Mn 0.005 0.00k
Mg 0.823 0,869
ca 0.864 0.875
Na 0.029 0.022
K 0.000 0.000
Sum 2 2.000 1.996
Sum X+Y  2.023 2.026

Cations - atomic per cemt

Mg 43,1 44,3
FesMn  11.8 1.2
Ca 45.2 b5

RE290/21P RE290/118 RH290/128

810, 50.66 49.01
41,04 3.72 422
40, 1.7 2.18
Cry05 0.36 0.22
FeO 6.88 10.00
MnO 0.12 0.16
Mg 14,12 13.08
Ca0 21.66 19.58
Na 0 0.36 0.30
K 0 G.00 0.00
Total  99.58 98.75

Icnic ratios to 6 oxygens

si 1.884 1.858
v 0.116  0.142
am 0.047 0,046
Ti 0.048 0.062
or 0.011 0.007
Fe2* 0.214 0.317
¥n 0,00k 0.005
Mg 0.783 0.739
Ca 0.863 0.795
Na 0.026 0.022
K 0.000 0.000
Sum Z 2.000 2.000
Sum X+ 1.995 1.99%

Cations - atemic per cent

Mg 42.0 39.8
FesMn  11.7 17.4
Ca 46,3 42.8

51.05 48.91 49.65 50.53 50.10
1.86 3.68 2.91 3.46 3.50
1.30 1.93 1.66 1.57 1.57
0.28 0.35 0.35 0.33 0.3%
6.83 6.67 6.55 6.59 6.95
0.19 0.13 0.1k 0.08 0.10

15.67 14.81 15.19 14,77 14.73

21.16 21.85 21.80 21.70 21.28
0.48 0.30 0.35 0.28 0.32
0.00 0.00 0.00 0.00 0.00
1.914 1,844 1.870 1.883 1.877
0.082 0.156 0.129 0.117 0.123
0.000 0.008 0.000 0.035 0.032
0,037 0,055 0.047 0.0k 0.0kl
0.008 0.010 0.010 0.010 0.010
0.214 0.210 0.206 0.205 0.218
0.006 0.004% 0.004 0.003 0.003
0.876 0.832 0.853 0.820 0.823
0.850 0.883 0.880 0.866 0.854
0.035 0.022 0.026 0,020 0.023
0.000 0.000 0.000 0.000 0.000
1.99 2.000 1.999 2,000 2.000
2.026 2,025 2.026 2.003 2.008
45.0 43.1 43.9 43.3 43.3
1.3 1.1 10.8 11.0 1.6
43,7 45.8 4s5.3 45.7 b5.0

RH290/138 RH290/148 RH290/158 RH290,168

4h.71 50.03 47.86 50.00 48.85
6.97 2.82 5.18 3.35 2.89
3.57 1.45 2.59 L7 1.57
0.20 0.18 0.20 0.15 c.21
1142 9.00 9.95 8.41 9.22
0.21 0.20 0.20 0.13 0.35
10.42 15.08 12.14 14,53 14,79
19.97 19.29 20.22 19.73 20.01
0.79 0.32 0.67 0.35 0.75
0.00 0.00 .00 0.00 0.00
1.733 1.893 1.818 1.887 1.859
0.267 .107 0.182 0.113 0.130
0.052 0.019 0.051 0.036 0.000
0.104 0,041 0.074 0.049 0.045
0.006 0.005 0.006 0,004 0,006
0.370 0.285 0.316 0.265 0.293
0.007 0.006 0.006 0,004 0.011
0.602 0.850 0.687 0.817 0.839
0.830 0.782 0.823 0.798 0.816
0.059 0.023 0.049 0.026 0.055
0.000 0.000 0.000 0.000 0.000
2.000 2.000 2.000 2.000 1.989
2,030 2.012 2.013 2.000 2.066
33.3 44,2 37.5 43,4 42.8
20.9 15.1 17.6 1.3 15.6
45,9 40,7 449 h2.3 41.6

Table 4 (continued).

RE290/178 RH290/18g RH290/228 RH290/258

10, 46.31 47.87
A1203 6.93 3.04
Tio2 2.56 1.72
Cry04 0.10 0.11
FeO 9.08 8.14
Mno 0.12 0.4
Mgo 12.53 1451
Ca0 20.55 21.29
Na 0 0.38 0.41
K50 0,00 0.01
Total — 99.56 97.24

Ionic ratios to & oxygens

si 1.746 1.846
Y oz 0138
at 0.055 0.000
it 0.101 0.050
cr 0.003 0.003
Fe2* 0.286 0.263
Mn 0.00k 0.005
Mg 0.704 0.834
Ca 0.8%0 0.880
Na 0.028 0,031
K 0,000 0.000
Sum 2 2.000 1.98%
Sum X+Y 2,011 2.065

Cations - atomic per cent

Mg 38.6 42,1
Fe+Mn 15.9 13.5
Ca 45.5 LW
RH9S/4 RH95/6
810, 50.09 50.12
A,05 3.38 3.21
Ti0, 1.32 1,17
Cry0s 0.52 0.90
FeO 5.66 5.36
Mno 0.15 0.11
MgO 14.66 15.00
Ca0 22.62 22.46
Na 0 0.35 0.36
K50 0.00 0.00
Total  98.75 98.69

Ionic ratiocs to € oxygens

Si 1.878 1.878
v 0122 0.122
v 0.027  0.020
i 0.037  0.033
Cr 0.015 0.027
Fet 0.177  0.168
Mn 0.005 0.003
Mg 0.819  0.838
ca 0.909  0.902
Na 0.025 0,026
K 0.000 0,000
SumZ 2,000 2.000
Sum X+¥ 2,015 2,017

Cations - atomic per cent

Mg b2,9 43.8
Fe+Mn 9.5 9.0
Ca 47.6 47.2

51.70
3.46
1.4s
0.32

10,48
0.23

11.05

20,14
0.97
0.00

99.80

1.938
0.062
0.091
0.041
0.009
0.329
0.007
0.617
0.809
0.071
0.000

2.000
1.975

35.0
19.1
45.9

RE9S/7

49.27
435
2.00
0.75
5.79
0.14

14,35

22.35
0.37
0.00

99.37

1.859
0.161
0.030
0.056
0.022
0.181
0.00k
0.798
0.894
0.027
0.000

2.000
2.012

b2.5
9.9
47,6

49.20
3.53
1.48
©.28
8.44
0.14

13.28

2111
0.4
0.00

97.90

1.878
0.122
0.037
0.042
0.008
0.269
0.005
0.755
0.863
0.033
0.000

2.000
2.012

39.9
14,5
45.6

RH95/8

49.88
3.5
1.52
0.66
5.37
0.11

14.99

22.53
0.32
0.00

98.92

1.865
0.135
0.021
0.043
0.020
0,168
0.003
0.835
0.903
0.023
0.000

2,000
2.016

k3.7
9.0
47.3

RH95/1

48.16
3.91
2.02
0.91
6.73
0.12

13.44

23.03
044
0.01

98.77

1.826
0.17%
0.001
0.058
0.027
0.213
0.004
0.760
0.936
0.032
0.000

2.000
2.031

39.7
11.4
48.9

RH95/10

49,69
4.63
1.88
0.66
6.01
0.11

13.42

22.19
0.40
0.00

98.99

1.858
0.142
0.062
0.053
0.020
0.188
0.003
0.748
0.889
0.029
0.000

2,000
1.992

40.9
10.5
48.6

RH9S5/2

48.82
4.33
1.99
0.67
6.01
0.1

13.99

22.62
0.39
0.00

98.93

1.835
0.165
0.026
0.056
0.020
0.189
0.004
0.783
0.911
0.028
0.000

2.000
2.018

1.5
10.2
48.3

RH9S/12

49.69
435
1.9
0.52
6.15
0.10

13.51

23.13
0.49
0.00

99.85

1.850
0.150
0.041
0.053
0.015
0.191
0.003
0.749
0.923
0.035
0.000

2.000
2.011

4o.,2
0.4,
49,4

RH95/3

50,09
3.31
1.19
0.66
5.35
0.11

14.99

22.70
Q.60
0.00

99.00

1.873
0.127
0.019
0.033
0,020
0.167
0.003
0.836
0.910
N2
0.000

2.000
2.032

43.6
8.9
47.5

RH95/13

51.56
3.5
1.26
0.64
5.83
.10

13.81

22.51
0.b2
0.00

99.68

1.908
0.092
0.063
0.035
0.019
0.180
0.003
0.762
0.893
0.030
0.000

2.000
1.985

414
10.0
48.6



