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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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OPHIOLITIC rocks occur as a tectonic m61ange 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 m61ange has a 
matrix of serpentinite and includes blocks of basic 
voleanics, gabbros, picrites, and r odingites, 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 m~lange 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 m61ange 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 



512 SYNOPSES 

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 CrzO3 from picrites, 
through gabbros and rodingites, to meta-basalts, 
and enrichment in TiO2 in the recta-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 RH95 are separated on the pyroxene quadri- 
lateral (fig. I) from all the other clinopyroxenes, and 
their more calcic character is thought to be an 
original feature. It is possible that the pyroxenes of 
RH95 crystallized from a melt of different composi- 
tion from that of the other rocks. Rodingite RMI 7 
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 A1, 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, I969). 

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 recta-basalt RH95 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 

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

Data from thirteen meta-volcanics from the 
mrlange 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, x97I, 1973), which includes 
tholeiites and intermediate- and ultra-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 mrlange 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 52 

SiC 2 69.33 68.41 70.22 68.15 68.57 68.88 69.43 69.96 

Ti02 0.37 0.61 0.43 0.57 0.44 0.53 0.50 0.44 

AI203 15.73 14.87 14.60 14.86 15.72 14.51 14.79 14.82 

SFe203 0.63 0.93 0.73 1.07 0.69 1.01 0.77 0.75 

tFe0 1.67 2.45 1.92 2.84 1.85 2.66 2.06 1.98 

g~O 0.03 0.04 0.03 0.04 0.03 0.05 0.03 0.03 

MgO 1.08 1.53 1.26 1.51 1.26 1.86 1.28 1.13 

CaO 2.63 3.22 2.89 3.07 3.07 3.30 3.09 2.70 

Na20 4.69 4.41 4.68 4.36 4.67 4.30 4.33 4.33 

K20 3.78 3.07 2.60 3.11 2.83 2.20 2.94 3.50 

P205 0.II 0.18 0.12 0.16 0.12 0.15 0.13 0.14 

BaO 0.24 0.22 n.a. 0.20 0.20 0.18 0.21 0.21 

LOI 0.30 0.39 0.52 0.48 0.80 0.70 0.60 0.63 

sum 100.59 100.33 I00.00 100.42 100.25 100.33 100.16 100.62 

Rb(ppm) IS0 120 n.a. 135 II0 125 128 145 
Sr(ppm) 748 675 n.a. 625 860 700 680 555 

qz 20.17 21.84 24.89 21.59 21.75 25.01 24.33 23.73 
or 22.34 18.14 15.36 18.38 16.72 13.00 17.37 20.68 
ab 39.69 37.32 39.60 36.89 39.52 36.39 36.64 36.64 
an 10.71 11.71 11.15 11.79 13.57 13.79 12.24 10.67 
di 1.33 2.52 1.96 1.97 0.71 1.30 1.83 1.49 
hy 3.86 5.13 4.25 5.95 4.75 6.99 4.45 4.22 
mt 1.01 1.49 1.17 1.73 1.12 1.62 1.25 1.20 
il 0.70 1.16 0.82 1.08 0.84 1.01 0.95 0.84 
ap 0.25 0.42 0.28 0.37 0.28 0.35 0.30 0.32 

*eolt~mn headings refer to sample localities of fig. 1 

#suffixes for megacryst portions used as in table 2 

Megacryst 

53 20c i 20i 201 

67.82 64.13 62.93 61.35 

0.60 0.23 0.47 0.61 

15.22 17.31 18.52 17.96 

0.91 0.I0 0.12 0.33 

2.41 0.27 0.30 0.86 

0 . 0 4  0.00 0.01 0.02 

1.52 0.20 0.20 0.58 

3.16 0.54 1.00 1.32 

4.49 2.13 2.43 2.24 

3.05 11.76 12.02 11.42 

0.17 0.06 0.07 0.07 

0.21 0.65 0.61 n.a. 

0.54 2.23 1.62 2.80 

100.14 99.61 100.30 99.56 

ii0 ~49 247 n.a. 
705 1021 976 n.a. 

20.81 5.45 0.65 i.ii 
18.02 69.49 71.03 66.01 
37.99 18.02 20.56 18.53 
12.37 2.29 4.03 5.10 
1.80 0.00 0.00 0.67 
5.42 0.50 0.50 1.35 
1.46 0.16 0.00 0.51 
1.14 0.44 0.33 1.14 
0.39 0.14 0.16 0.16 

Analyses 

7c 7i 71 

65.48 63.50 62.83 

0.39 0.33 0.54 

17.06 18.62 18.07 

0.24 0.12 0.24 

0.66 0.30 0.69 

0.01 0.00 0.01 

0.44 0.21 0.48 

0.81 0.64 0.96 

2.04 2 . 1 3  1.98 

11.45 12.47 12.36 

0.09 0.06 0.07 

0.59 0.65 0.63 

1.08 1.37 1.67 

100.34 100.40 100.53 

255 269 265 
950 1074 1017 

7.52 1.88 1.47 
67.66 73.69 73.04 
17.26 18.02 16.75 
3.43 2.76 3.92 
0.00 0.00 0.31 
1.40 0.52 1.17 
0.39 0.00 0.39 
0 . 7 4  0.61 1.03 
0.21 0.14 0.16 

Fe203/FeO ratio is based on Fe+++/Fe ++ ratio (0.34) of a rock sample from the Godani pluton 
analyzed by 0.0. Patel of the Geological Survey of Nigeria (wet chemical analysis) 

~ weight loss on ignition at 1000 ~ 0 

ILwt.~ megacrysts in outcrop: 2(II.3~), 4(4.0~), 7(i0.6%), 16(2.5~), 45(ii.3~), 46(13.2~), 47(3.7~) 
52(7.0~), 53(5.4~) 
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THE Taur~ fold-belt is the southerner of the two ~jor fold-belts 
forming the Anatolian sector of the Alpine-Himalayan ~tain chain. The 
interior of the Eastern Ta~ is occupied by ~ extensive area of largely 
pre-Permian met~rphic rocks kno~ as the Bitlis Massif. This is thr~t 
southward over an ophiolite-flysch complex which is in t~n thrust south- 
wardover sed/~ntary rocks of the Arabian foreland. The ophiolite-flysch 
complex is p~t of a zone of Tethyan o~hiolltes that occ~s discontlnuo~ly 
throughout the Middle East between G~pr~ and O~n (the 'Croissant 
Ophiolitique Peri-Arabe' of Ricou, 1971). At the southern ~rgin of the 
Bitlis Massif near the Village of Mutki ophiolltes oce~ as a tectonic 
m41ange which consists of blocks of basic voleanies, gabbros ~d picrites, 
radiolari~ cherts ~d other minor sedlmentary components, serpentinites 
and podifo~ chromite bodies, together with rodingites and silica~carbonate 
rocks. All of these blocks are incorporated in a ~trix of serpentinite 
(Hall, 1976). 

Pyroxenes are co~n in the basic rocks of the m~lange. Textual 
evidence suggests that most of them are of ig~eo~ origin, despite the 
complex the~l ~d structural history of the m41ange, which includes 
several episodes of tectonic mixing, meta~rphism ~d metaso~tism. Resent 
work indicates that igneo~ clinopyroxenes ~y s~vive met~rphism, 
without re~equilibratlon, ~der conditions of the greenschist facies 
(Vallance, 1975, 1975) ~d glaucophane-lawsonite-schist facies (Schubert 
and Seidel, 1972; Mevel ~d Veld~, 1976) and therefore microprobe ~alyses 
were ~de to determine if the pyroxene chemistry is consistent with an 
igneo~ origin or if there have been changes due to met~rphism and 
metaso~tism. 

Petrograp%y of the tectonic blocks 

Volcanic rocks occur in the m~lange in blocks several kilo~tres ae~ss 
which have been met~rphosed and deleted ~d are ~rginally recrystal- 
lised as greenschists or crossite-be~ring schists. ~ne greensehists 
contain assemblages typical of the gree~chlst facies except for the 
amphibole which microprobe analysis indicates is hornblende rather than 
aetinolite. Crossite partly replaces hornblende in some greenschists, and 
is the only ~phibole in the erosslte~earing schists. The appearance of 
either crossite or hornblende see~ to be controlled by the bulk rock 
Fe203/Fe0 ratio, as shown by Ernst et al. (1970) for similar rocks from the 
S~bagawa terrain. The cores of the blocks are meta-basalts, interbanded 
with radiolarian cherts, which frequently have agglomeratic textures and 
contain both lithic and mineral fragments. Mineral assemblages in the 
meta-basalts are clinopyroxene + albite + chlorite + spheric + opaques + 
crossite. The pet~graphy and ~dneralo~y of the volcanic rocks (Hall, 
1974) suggests that they have been meta~rphosed ~der conditions tr~l- 

sitional between the glaucophane-lawsonite schist facies and the green- 
schist or greenschist-amphibolite transitional facies of T~ner (1968). 
Met~iThi c py~xenes crystallised ~der these conditions are likely to be 
green sodic pyroxenes with compositions between omphacite and aegirine- 
augite (Essene ~d Fyfe, 1976; Brown, 1974; Newton ~d Fyfe, 1976). In 
one meta basalt a green elinopyroxene, whose optics/ properties indicate 
aegirine augite, occ~s in a cavity as sub-i4ioblastic elongate prism 
intergrown with albite and an opaque phase. This pyroxene is interpreted 
as meta~rphic in origin. All the other clinopyroxenes in the meta-basalts 
appear to be igneo~ relics. Colourless euhedr&l phenocrysts up to 2 
in length occ~ both in and between lithic fragments, often with a g~d- 
~ss of pink granular pyroxene, Crossite~ when present, nucleates on the 
clinopyroxene, and epidote, actinolite and carbonate oer as late ~ta- 
~rphie veln-filling phases. 

Gabbros ~d pierites occ~ as blocks ~ually less th~ three h~dred metres 
ac~ss. The picrites o1~cen have a ~rked mineralogical layering, ~d 
consist of s~ul~ olivine, with clinopyroxene ~d plagioclase ~ inte~ 
c~ulus phases. 0rthopy~xene occ~-s in some samples. These rocks have 
escaped any significant meta~rphism; olivine is partly serpentinised, 
but the pyroxenes are generally quite fresh, The gabbros have been 
met~rphosed, but ~der different conditions to those prevailing d~ing 
the meta~rphlsm of the volcanic reeks. They are p~tially altered to 
actinolite + chlorite + albite assemblages~ plagioelase is always altered, 
but ~ually a relict igneous text~e is preserved, often with elino- 
pyroxene. Olivine (Fo75) occ~s in one sample. Where completely recry- 
stallised, assemblages are typical of the gzeenschist facies, ~d in 
contrast to the meta-volc~%ics crossite is absent~ while actinolite rather 
than hornblende is the characteristic amphibole. In addition, the gabbros 
and pierltes always show some signs of ealei~ metaso=~tism wh ile the 
meta volcanies do not. In the pierites and ~ny of the gabbros this 
metaso~tism has resulted in an alteration of the original plagioclase 

........ ~rai~ed i t ............ 2 ....................... ~ ............ 
some blocks al era ion is ~re e ensive and elinopymxene ~y coexist with 
such minerals as gl~ossular, prehnite, and idocrase. Although these rocks 
often have a gabbroic appearance, and correspond to the '~dingites' of 
some authors (see review by Cold,n, 1967) it is difficult to be certain 
if the clinopyroxene is a relict i~eous phase, or is of metaso~tic 
origin. This p~blem is complicated became these ~cks almost always 
show some signs of cataclasis, and ~y be extensively n~lonitised. 

~roxene compositions 

Eight ~cks containing clinopy~xene were selected for study: two meta 
basalts (Fdd95, RH290), two gabbros (RHll6, RH203), two rodingites (RH228, 
P~417) ~d two picrites (RMIb, RMIg). Each s~ple is from a separate block 
in the m41~lge. Mineral ~alyses were ~de using the Microsc~ 7 micro- 
p~be at University College London, operated at ~ accelerating voltage of 
20 kV with a speci~n c~rent of app~xi~tely 2 x i0 8 asps. All 
pyroxenes were analysed for Si, Ti, Al, Fe, Mn. Mg. Ca, Na. K and Cr. 
P~e metal standards were ~ed for Ti~ Mn and Cr, and nat~al silicate 
stan~rds for the other elements. The raw data were reduced ~ing the 
BM-IC-NPL computer p~gra~e (Mason et ~l,, 1969). 

The compositions ~d struct~'al foxmlulae of the analysed pyroxenes are 
presented in Tables 1 to 4. None of the pyroxenes was zoned with respect 
to Ca, Mg or Fe. and with the exception of gro~nass pyroxenes from meta 
basalt RH290, and rodingite RM17 whlch contains two chemically distinct 
clinopyroxenes, there is very little compositional variation between 
different ~ains in the s~le rock (fig. i). 
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Fig. i. Compositions of cllnopgroxenes~ orthop~roxenes,~d oliviues f~m 
the m~l&nge rocks, 

Picrites ( R ~ 5 ,  EMlp). The clinopyroxen~s from both the pierites are 
diopsides with a high Cr203, relatively low A1203, and i~ TiO 2. Fig. 1 
shO~S the compositions of coexisting clinopyroxenes, olivines ~d ortho- 
pyroxenes in these . . . .  ~cks. In 9J~l 9 diopside coexists wiZh olivine (Fo 8~) 
and altered plagloelase, while in ~5 compositionally identical dzopszde 
coexists with olivine (FOSl) , bronzite (En78-80) and altered plag/oclase. 
In both ~cks the olivine was the first mineral to c~st~lllse (in ~MiS 
olivine is g c~nlus phase), ~d the diopside was later. It is not clear 
from the text~'es whether the few grains of orthopyroxene (~ ~d~l percent) 
represent a c~ul~ ph~e or cr~stallised at the s~e time as the dlopside. 
In the B~hvel d intrusion (Atkins, 1969) com~ositionally similar diopside 
of the Bas~l Series is an interc~ulus phase coexisting with c~ul~ ortho- 
px~xene mo~ ~gneslan (En83- 8 ) th~n that of F~5. This suggests that the 
two pyroxenes of EMI 5 ~y have ~lTstallised together as intere~ul~ phases. 

Sabbros (RMII6= P~2OS~_~nd rodingites (P~e28= ~7). In the two gahbros 
i~eo~ tenures are well preserved and ~he cllnopyroxene appears to be 
~ffected by alteration. The elinopy~oxenes are d~op~ides and sallies and 
~e similar to the diopsides f~m the picrites except in having higher zonal 
i~n, and lower MgO ~d Cry03. In the ~dlngites salc~1~ meta~o~tlsm has 
been ~re extensive. The plagioclase of R~2~8 has been completely replaced 
by eoars~grained prehnlte ~lthough a gabhrolc text,s is preserved, while in 
R~7 clinopy~xene coeklsts with idocrase ~d grossular and the rock has a 
catsclastic febrie �9 ~oth rocks are veined b~ these calci~ alum~n~ 
silicates. NO orthopyroxene nor exsolved lamellae of Ca-poo~ ~ pyroxene }]ave 
been observed in ~y of the gabbros e l  �9 ~dingites. T~,e clinopyroxene~ from 
~28, which are endiopsides, are less calcic than those of sabbro RHS03 
although ot he~ise similar, In ~17 ~we chemically and texturally distinct 
cli~opy~xenes coexist. Auglte, similar in composition to the smiite of 
gabbro P~II6, but slightly less caleic, occul-s as equidimensional anhedral 
grains up to i ~ across which are often cracked or broken. The second 
cllnopyroxene oec~s ~inly as elon~te pris,=, often ~ent, and less than 
0.5 ~ in length, which are inti~tely inter~rown with Idocrase and 
grossular. This pyrox~ne has m~h higher Ca0 (plotting outsid~ the 
py~xen~ q~drilatera~, fig. i), lower tota/ i~n ~d A/203, and much lower 
MnO, Na2O , Crs03, Ti0~ th~n the fi~'st py~xene, It is referred to below as 
s uper-ealeic diopside. 

Met~-basalts (EH~ F~). Compositions of phenocrysts from RHSp0 resemble 
those of the salites and augites f~m ~bbro FJ{ll6 ~d rodlngite RMI7 except 
in hav~ng higher Ti0~ ~*d slightly higher Na20 , ~d pyroxene ~alyses fro= 
the Three rocks overlap on the pyroxene quadrilateral (fig. 1). ~*e large 
~ea o f  scatter of gro~dmass p~oxenes f~m RHSp0 may partly z'efleet the 
proble~ of analysis of very small grains (l~ss than 0.i 5 m~ in length) witll 
the mie~p~b~- Thm~ ~r~ less well polished than the phenecrysts, and thei~ 
sm~ll size means that the p~hle= of ret~ning to exactly the s~e point 
d~ng the analysis is likely to be ~re signific~t th~ for the large, 
eomposltion~lly ho~geneo~ ~d well polished grains of the picrites, 
g~bb~s ~d ~dingltes. This difficulZy is remected in the totals of the 
~yses, which are often slightly lower than those of the l~'ger grains. 
Despite this the analyses are believed to give a reasonable indication of 
eom~ositlon ~nd variatio~ of gro~dmass pyroxenes. They h~ve consistently 
higher total iron than coex~sting~ ~re he,seneca, phenoer~sts, and 
slightly higher TiO 2 ~s suggested sAso by their pinkish r Cllno- 
pyroxenes f~m FJ{95 are similar to the phenoerysts of ~H~90 in most 
respects, having higher TiO 2 than the clinopyroxenes from the picrites, 
gabbros and rodingites, but they are distinguished from all the other 
analysed cli~opy~xenes, except the supe~calclc diopsiae, by a higher 
p~ortion of the Ca end-~member and are clearly separated on the pyroxene 
quadrilate~l (fig.l). ~is difference has been confi~ed by repetition of 
t~e ~/yses. 

D i s c u s s i o n  o f  t h e  p,yroxene e h ~ i s t z ~  

Since none of ~he blocks in the m~l~ge is completely ~uqaffected by 
alteration or recrystallisatlon it is ~reasonable to assume a particular 
origin for the p~roxenes. However, despite the different met~rphlc ~d 
~taso~tic events affecting the different blocks there is a surprising/y 
smell range i n  the composition of the clinopyroxenes anti this is ~st 
easily explained by postulating that they are of igneo~ origin ~d have 
suffered little or no post-crystallis~tion chaise. MoreQver, in the 
picrites igneo~ textures are preserved, two py~oxenes Coexist w~th only 
~artially serpent inised c~ul~ olivine ~d all three h%in@rals h~ve very 
si~lar compositi ~ to those of e~ulate assemblages ~n the ~s~ Series 
of the Bushveld complex (Atkins, 1969). ~Tie pyroxenes are compositienally 
ho~geDeo~, and the clinopyroxenes have very high CrsO 3 sypieal of eaTly- 
fo~ed igneo~ clinOpyroxenes. Despite the greenschist f~cles ~t~rph~sm 
%he l~j~ox~nes o~ the ~bros are chemically similar to those of the 
picrites ~d the differences (hlg/ler i~n ~d 10 wer M~O and Cr20s) are 
e~ctly those to be expected f~m pyroxenes of more fractionated igneous 
rocks. A metamorphic origin &s ~likely since ~eta~rphic pyroxenes are 
unknow n ~der conditions of the gree=schist facies" The meta-basalts have 
also suffered loW-~ade meta~hism, but of a higher presses t~pe and 
~t~Drphic pyl~%enes are known f~m rocks reeryst~llised ~der these 
conditions However the py~xenes of ~ta-bas~t 9~290 ~re ~he~esll~ 
quit e differen t f~m'sueh met~phl c py~xenes (Essene ~d Fyfe, 1967), 
having much lowel" N~O ~nd hi~er TiC 2. In addition, the rock h~S 
relict igneo~ t~xt~e with phe~eryst ~d groundmzss pyroxenes, 

(DO. 2 

~Oq 

._N < 

0"02 

~r phenocrysts 

groundmass 

0~04 006 008 (}10 

Ti atoms p ~  6 oxygens 

0-12 

Fig. 2. Variation in Alz with Ti content of cllnOpyroxenes from m~a- 

basalt ~H290. 
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t h e r e  i s  a co=.pos i t iona l  o v e r l a p  o f  t h e  p h e n o c r y s t s  o f  RN290 ~ d  pyroxenes  
from Dbbro RolZ6 despite their different metaml~hir histories, and there 
is a distinct compositicnai separation (fig. i) of phenocryst and gro~• 
~ss py~xenes with the l~tter having higher total iron and TIC2; all these 
featules indicate ~ i~neo~ origin for the pyroxenes. A plot of A1 z 
against Ti for pyroxenes from RH~90 (fig. ~) shows a good correlation 
supporting the substitution Tiy + 2AI z ~ ~+ + 28i z typical of igJleo~ 
pyroxenes (Le Bas, 1962}. 

Metaso~tism appears to have had no effect on the original igneous clino- 
pyroxene chemistry. Although ealci,~ ~taso~tism has been more extensive 
in the rodi~gltes their cZinopyroxenes (except for the super-ca/sic dlopsi~e. 
see below) are ~t~lly less calcie than those of the gabbros* Fhenoclvsts 
f~m meta basalt ~90 overlap in composition with pyroxenes from gabbro 
RHII6 ~d rodingite R~17 despite the fact that the meta~bas~its have not 
been affected by the e~Ici~ metaso~tlsm. The relict gabbroic textures of 
~n~- of the ~dingites, ~d the similarity of elinopyroxene compositions 
fro= rodingites to those from ~cks less ~ffected or ~affected by recta- 
so~tism, indicates the i~aeous origin of the rodinglte endiopsides and 
au~ites. 

The effect of the meteso~tlsm ir~ R~ 7 has been to produce a second, 
text~-~lly distinct, el~nopyroxen e which is clearly chemically differen t 
from ~he augite interpreted as igneous in origin. This supe~r 
diop$14e is characterised by low Cr, Ti, Na, Mn and AI, and high Ca and Si. 
The explanation for this distinctive chemistry p~bably lles wlth the fluids 
responsible for the met~so~tism. Barnes ~d O'Neil (1969) have suggested 
that these flUids ~y be similar to ~us~l ealei~ hydroxide ~ters issuing 
f~m 2artly serpentinlsed alpine type ultza~fic bodies of the western 
United States. These f~uids probably rest~t from the process of serpentinl 
satio~ ~f the ultr~fics ~]d are supersat~ated with respect to diopside. 
They would be incapable of dissolving the ealci~ rich ign~us pyroxenes 
f~m blocks in the m~la~ge, but would precipitate diopslde, whose chemistry 
woUld reflect the s~ll ~ts of Cr, Ti, etc. in solution. In view of 
this, ~d the compositiona/ ho~geneity of py~xenes from blocks showing 
varying ~ts of a/rotation, it see~ reasonable to suggest that the 
calcium metaso~tism has resulted in no ch~ge in the chemistry of the 
cllno~yroxenes of igneous origin, while c~ing the precipitatlon of the 
supe~ealeic die,side i~ter~o~n ~i%h idocrsse ~d grossular. 

The pyroxenes of nets-basalt RH95 are sepa~ted on the pyroxene 
quadrilateral (fig. l) from all the other clinopymxenes. Their chemistry 
indicates that they are not of met~rphic origin (as with pyroxenes f~m 
RE290 Na20 is too low~ ~nd TiO 2 too high), azd since none of the meta-basalts 
is &fleeted by the calc&~ ~taso~tism th~ high proportion sf the Ca end- 
member in the pyroxenes is thought to be an original feat~e. There is 
greater scatter for these analyses than for those from any other ~ck, but in 
view of their general siailaritles to the pyroxenes f~m gabbro F~ilI6 and 
phenocrysts from recta-basalt RH290 , and the compositional ho~geneity of 
individ~l grains, it is suggested that the pyroxenes from R~95 oryst~llised 
from e melt of differen~ composition from that of the other reeks. 

tr Theen d evidence for ~ i~ee~ origin for most of the clinopyroxenes, their 
of iron enrichment ~d sympathetic decrease in Cr20 ~ from pierites, 

through gabb~s and ~<ingltes (metaso~tisea gabbros) to meta-bas~its, and 
enrichment in TiO 2 in the maid-basalt gro~dm~ss pyroxenes, indicates that 
all the b~ic rocks, with the possible exception of F/d95. originated in a 
single igneo~ complex. The very small renge in composition of the clino- 
pyroxenes~ ~d their calais character suppOrt this concl~ion. It is 
extremely unlikely that ~ndom sampling ef several chemically ~related basic 
complexes, would result in the range and type of chemical ~rla%ion described 
},ere 

Chemical affinities of the rocks 

B~c igneo~ rocks of ophiolite complexes are co,only extensively 
altered ~d much discussion (see for e~ple Miyashi~, 1973, 1975a, 1975b; 
Moore~, 1975; Gass eta., 1975; Ch~ch and coish, 1976) has dra~ attention 

ne  ,c ~ ~ ~ di 

A l k a l i n e  o o 95 

\ ~176 Li\ I ~ 

ol hy 
�9 Picrites o RH95 

Gabbro$ * RH290 (phenocrysts) 
Rodingites �9 RH2g0 (groundmass) 

F i  6 .  3. Compositions of i gneous  c l l n o p y r o x e n e s  fz~m the m~lange r o c k s  
in molecular percentages of normative componeats ne - di - oh - Q. 
Symbols as in fig. I. Fields of ~Ikaline ~d t]]olelltie basaltic rocks 
from Coombs {1963 ) . 

to the difficulties of usiug bulk-rock, ~or element analyses to determine 
their original chemical affinities. If the igneous clinopyroxenes have 
s~ived ~ebanged, as arg~d above, their chemistry should indicate %he 
nature of the original basic ma~. Coombs (1963) has suggested the use of 
the pyroxene nor~ as aids in the diserlngna~ion of basaltic types, and 
VsZlance (1974) believes that the no~s are the most useful discriminants 
in altered ~flc rocks. In fig. 3 the nor~tive compositions of %he i~eous 
clinopyroxenes from the m41an~e are plotted on & ne - di - el - Q diagram 
with fields of alkaline ~d tholeiitic basaltic rocks from Coombs (1963). 
All the pyroxenes from the plc~ites, gabbros ~d rodingltes fall very 
clearly wltbin the field of tholeiltlc rocks, and most fall outside the 
alkaline basalt field. The pyroxenes from the meta~volcanic rocks are 
~stly nepheline no~tive* Those from FJ~95 plot outside she tholeiite 
field, and nine of the ten analyses fell within the alka]ioe b asalt field. 
~le pyroxenes f~m ~290 scatter more wlde/y; the phenoelvst pyroxenes 
cl~ter in the are~ of overlap of alkaline ~d tholeiitic basalts ~hile the 
gl-o~dmass ~yroxenes are widely scattered. It should be noted that in the 
microprobe analyses total iron is expressed as Fe2 +. Fe3+ is ~like/~ to 
be large in any of the analyses~ but its effect ~oUld be to make the nor~ 
more tholelitic. Q would appear instead of el, ~d hy would increase. 
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Fig. 4. Comparison of compositions of igneo~ clinopyroxe~aes fz~m the 
m~lange ~ck~ with those of tholeiitic rocks from the B~hveld Complex 
(Atkins, 1969) ~d North Atlantic (DSDP Leg 38, Sites 336, 337, 338 and 
344, Ridley et al., 1976). Fields of m41~ge pyroxenes from fig. 1. 

~ , e  norm p l o t  s u p p o r t s  t h e  s u g g e s t i o n  msde a b o v e  thst the pyroxenes  o f  
EH95 are chemically different from those of the other rocks and suggests 
that they are alkalis in character. Assu~dng the other ,~cks originated 
in a single complex, as argued ~bove, the norm plot indicates that they are 
~re likely to be tholeiltir th~n alkalis. This concision is supported by 
the coexistence of ortho- ~d cllnopyroxene in s~e of the picrites. 

Co~rison of the cow,positions of the clinopyroxenes from the m~lange 
~cks w~th those of tholeiitic ~cks of the Bu~hveld Complex (Atkins, 1969) 
~d the Rot% h Atlantic (DSDp Leg 38, Ridley et~., 1976) indicates a 
reasonable similarity (fig" h), a/rheum] the m41~g e pyroxenes tend to be 
~re ealcir They are certainly ~re csleic than pyroxenes from the 
pacific (fig. 5) considered to ~0e "~qusstionablu ocean ridge tholeiitie 
basalts" (DSDP Leg 33 Jackson et all., 1976), and also ~re calcic th~l 
pyroxene s from Hawaiian tholeiites (Fodor et al*, 1975). Similar pyroxenes 
to those of the m~lange rocks occ~" in the Sofal~ volcanics of New South 
~ales (fig. 5) which Barren (1976) has conelude~ belong to a suite of 
talc alkaline rocks. 

�9 sofala 

�9 s,te 3t7A 

n s 

- -  F e ~ M n  

I i  Sal i te  

.)/" : 
Endiops.~e A u g i t e  

Fig. 5. Couparison of compositions of igneous 011nopyroxenes from the 
m~lange rocks with those of tholeiitic rocks from the Pscific (DSDP Leg 33, 
Site 317A, Jackson et al., 1976) and talc-alkaline reload;its from Sofa&a, 
New South Wales (Barr~n~ 1976). Fields of mglange pyroxenes from fig~ l. 

Kushi~ (1960) and Le Bas (196Z) ]lave suggested the use of A/ and Ti 
contents of the clinopyroxene as indicators of the alkalinity of the parent 



~gma, but recen~ work (Barberi et al., 1971; Oibb, 1973) has indicated 
that this approach may be ~reli~ The AI and Ti contents probably 
reflect the sillc~ activity of the melt, and the conditions under which 
the pyroxenes crystallised, ~d are not ~iagnostic of parental ~gma type. 
Consequently~ Barberi etal. (1971) cast doubt on the reliability of 
elinopyroxene compositions in determining the affinities of basaltic 
volcanic rocks. D~spite this, Nisbet and Pea~e (1977) bare ~ed dlscrlmi- 
nant analysis in ~n attempt to relate cl[,opyroxene eo~vposltions to basalt 
types from different tectonic settings, They claim that results of this 
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Fig. 6. Plot of diserlmlnant f~ctions F 1 ~d F 2 for pyroxene analyses 
f~m meta-basalts P~95 and RH290 f~m the m61~ge. Symbols as in fig. 1. 
Fields of mgma types are from ~isbet ~d Pearse 41977): ocean-floor 
basalts (OFB), ~le~ie are basalts (VAB), wit]~in-plate tholeiitie bestirs 
(VAB), within-plate tholeii~ie b~alts (W~), and wlthin=plate alkalis 
basalts ( W;'A). 

technique are consistent with those obtained using i~bile trace elements 
f~m rocks which indicate that spilitised lava~ from Othrls, Greece 
resemble basalts and basaltic andesites f~m present-any island arcs. On 
the other hand~ ~ynes (197h, 1975) has used clinopyroxene no~ to support 
his argo/cent that the Othris rooks were not fo~med in an isl~d arc, "~ut 
are similar to oce~-ridge tholeiites. A plot of the discriminant f~tctions 
FI ~d F2 (Nisbet ~d Pearce, 1977) for pyroxene analyses from the two ~ta- 
basalts of the m61~ge fails to indicate their affinities since the points 
scatter in all of the fo~ basalt fields(fig. 6). 

A/I this demonstrates the difficulties of using cllnopyroxe~e analyses to 
dete~mine ~ambiguo~ly the nat~-e of the pareot magma. It ~y be that the 
mel~ge ~cks are transltione~ between ~holeiitic and ~ik~lie basaltic ~eks. 
This would explain the ~eneral similarities, and the Ca-rlch character, of 
the cllnopy~xenes compared to those of tholeiitic rocks. It ~uld e~pl~in 
the presence of orthopyroxene in so~ of the picrites, while accounting for 
its absence, and the absence of exsolved Ca-poor la~llae in clinopyroxene, 
in the gabbros. 

Tr~e element ~ 

Ti/lO0 

Zr  Yo3 

Fig. 7- Ti - Zr ~ Y discrimination diagr~ for mats-volcanic ~eks from the 
the m~l~ge. Basalt fields from Pearce ~nd Cann (1973): within-pla~e 
basalts plot in field D, ocean-floor basalts plot in field B. 
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In the context of the pyroxene data it is interesting to consider the 

affinities of the "oasis rocks as revealed by the trace element data from 
whole rocks. Pearce ~d C~n (1971, 1973) have argued that the elements 
Ti, Zr ~id Y appear to be i~bile d~ing alteration and low-grade meta- 
morphism, and ~y be used to distinguish between basic volcanic 1~eks 
fo~ed in different tectonic settings, Data from thirteen mete-volcanic 
~eks f~m the m61ange is plotted on ~ Ti - Zr - Y diagram (fig. 7)- 
OrLly fo~- of the ~cks are mats-base/is (i.e. contain relict elinopyroxene); 
the reminder are greensehlst or crossite bearing ~'eenschists. Twelve 
of the thirteen samples cluster very closely, which suggests that these 
elements have been effectively i~bile during met~rphisa, The twelve 
s~les plot in, or close $o, the field of 'wlthi*a plate hasalts' which 
inclu6es both continental and oceanic rocks. Geologlssl considerations 
(Hall, 1976) indicate the oceanic nat~e of the m~l~ge rocks, which must 
therefore be compared to 'wlthin-plste oeeanie-basalts' which include 
tholeiites, ~d intel=ediate~ ~nd ultra-alk~llne rocks from ocean islands 
(Pe~ce ~d Cann, 1973). Therefore, although this ~ethod provides no 
~amblg~ous solution to the nature of the m61~ge rocks, it supports the 
conclusions drawn from the pyroxene analyses which indleate that they are 
not typic~l ocean-ridge tholeiites. 

Concl~ions 

~is ,*ork supports the view that igneous pyroxenes e~ s~ive low-grade 
metamorphism at moderate to high press~es. It appears als0 that they are 
resist~t to extensive calci~ metaso~tism ~der certain conditions, ~d 
that met~somatic clinopyro>enes are chemically distinctive and quite 
different from igneous clinopyroxenes. The pyroxene chemistry, ~d whole- 
rock trace element data, indicate that rocks from the Mutki ophiolitic 
m~l~n~e ~re different in several ~a~s from tholeiites typi~l of pre~nt- 
day oceanic ridges. The range ~d type of shemlc~l variation in the 
igneo~ elinopyroxenes indlcates that most of the basic rocks of the m~lange 
originated in a single igneo~ complex. Such a concl~ion is evident for 
the l~yered ophiolite complexes such as those of 6~pr~, Hardy and O~n, but 
where origins/ relatlonships have Dee,] disrupted ss in the case of the 
ophiolite melanges of the Middle East, this is an important stating poiDt 
in attempts to ~ravel their hlst~ries. These m~lange terrains are 
probably much ~re organized than their apparently ch~tie appe~,~ce would 
suggest (see for ex~ple NOrth, 1975; Hall, 1976) and their histories may 
provide ~y insights into the processes at destructional 91ate-~glns. 
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Table 1. E l e c t r o n  microprobe a n a l y s e s  and s % ~ c t u r a l  formutae o f  

pyxoxenes from pierite blocks Jn the m~lan~e. Tota~ iron 

as Fe0. 

RMI�/1 RMI�/2 P~&9/3 m439/5 RM] 9/6 RNI9/7 ~4! 9/8 

SiO 2 52.86 53.37 52.66 53,39 53-05 52.87 52-77 

AI203 2.92 2.40 2.7? 2,64 2.63 2.63 2.71 

TiO 2 0 .27  0 ,20  O.19 O.20 0 .20  O,21 0 .22  

Cr203 0.87 0.97 1.00 1.O3 0-93 "0-93 0.96 

Fe0 3-92 3-79 3.80 3.68 3.96 4.02 3-97 

Mn0 0.13 0.ii 0.12 O,12 0.13 0.13 O.13 

Mg0 16-53 16.93 16.68 16.75 16.58 16.61 16.44 

CaO 22.37 22.14 22.11 22.O7 22.0O 22.02 22.01 

Na20 0.17 0.16 0.20 0,17 0.19 0.16 0.20 

KpO 0.OO O.OO O.OO O.00 O.O1 O.OO O.00 

Total 1OO.O4 1OO.O7 99-53 1OO.O5 99.68 99,38 99.41 

Ionic ratios to 6 oxygens 

Si 1.928 1.943 1.930 1.942 1.940 1.937 1.936 

A1 Iv 0.072 0.057 0.070 0.058 0.060 0.063 0.O64 

A1 vi 0.054 O.C~6 0.030 o,o56 0.054 0.050 0.054 

Ti O-OO7 0.005 0,005 O.OO 3 0.006 O.OO6 O.OO6 

Cr 0.025 0.028 0.029 0.030 0.027 0.027 O.028 

Fe 2+ 0.120 0.115 0.116 0.112 0.121 0.123 0.122 

M~ 0.0O4 0.0o 3 0.0O4 o.o~+ o.oc~ 0.0o4 0.0o4 

Mg 0-899 O.919 O.911 0.908 0.904 0.907 0.899 

Ca 0.874 0.864 0.868 0.860 0.862 0.864 0.865 

Na 0.012 0.011 0.014 O.012 0.013 O.O11 o.014 

K 0 .000  0 . 0 0 0  0 , 0 0 0  0.000 0.000 o.oco o.ooo 

s~  s 2 .000 2 .000 2 .000 2 .000 2 .000 2 .000 2.0OO 

Sum x+Y 1.995 1.992 1.998 1.987 1.991 1-993 1.992 

Cations - atomlcper cent 

Mg 47-4 48.3 48.0 48.2 47.8 47.8 47 6 

Fe+Mn 6,5 6.2 6-3 6.! 6.6 6.7 6.7 

Ca 46.1 45.4 45. 7 45. 7 45. 6 45.5 45.8 

RM19/9 RMI�/IO RMIS/I RMI5/2 RM15/3 RMI5/4 

SiO 2 53-36 52.83 95.~O 85.10 55.89 56.16 

AI203 2.67 2.92 1.26 1.25 1.20 1.17 

TI02 0.26 0.15 0.15 o.15 0.25 0.22  

Cr203 0.87 1.01 0.08 0.07 0.03 0.O4 

FeO 3-97 3.70 11.97 12.11 11.22 ll.16 

MnO 0.12 0.ii 0.34 0.31 0.31 0.34 

Mg0 16.66 16.49 28,50 28.62 29.47 29.27 

CaO 22.24 22.21 1.49 1.54 1.54 1.59 

Na20 0 .18  0.16 o.03 o.ol 0.o2 0.02  

K2O o .oo  o .oo  o.0o o .01  o ,0o  o .cc  

Total 100.33 99.58 98.92 99.17 99-95 99-97 

Ionic ratios to 6 oxygens 

Si 1-939 1.933 1.984 1.975 1.978 1.985 

A1 iv 0.061 0.067 0.016 0.025 0.022 0.015 

AI vi 0.053 0.059 0.037 0.027 O.O28 O.O34 

Ti  0 .007 O.OO4 0.004 0.0O4 0 .0o7 0.0o6 

Cr 0.025 0.029 0.002 0.002 0.001 0.001 

Fe 2+ 0.121 O.113 0.359 0.363 0.352 0.330 

Mn 0.co4 0.003 o.o10 0.009 0.oo 9 O.OLO 

Mg 0.9O2 0.899 1.313 1.529 1.554 1.542 

0a 0.866 o.871 o.057 0.059 0.058 0.060 

Na 0.013 0.011 0.002 t.O01 0.001 Q.O01 

K o.ooo o .ooo o . o 0 0  0.ooo o.ooo o.ooo 

S~  z 2.000 2.000 2.000 2.000 2 .00 )  2 .000 

8~ X+Y 1.991 1.991 1.985 1.995 1.991 1.985 

Cations - at~ic per cent 

Mg 47.7 47.7 78.0 78.0 79.5 79.4 

Fe+Mn 6.6 6.2 19,G 19.0 17.5 17.5 

ca 45,8 46.2 3.0 3.o 3.o 3.1 

Table I ( con t i nued ) .  

R~;15/5 RM15/6 ~415/7 RMI6/8 P~15/9 EMZS/IO 

Si02 55.81 55.74 52.51 52-43 52-69 52-83 

AI203 1.25 1.39 2.76 3.14 2.80 2.5 o 

TzO 2 O.16 0.18 O.15 O.17 O.18 0.15 

Cr203 0.I0 O.17 1.10 1.12 O.92 0.97 

FeO 11.59 11.50 3.79 3- 86 3.97 4.01 

Mn0 0.31 0.30 0.15 0.14 0.13 0.13 

Mg0 29.42 28.99 16.62 16.52 16.77 16.78 

CaO 1.29 1.39 22.3o 22.26 22.25 '22.19 

Na20 0.O1 O.01 0.16 0.18 0.17 0.19 

K20 0 ,00  O.O0 O.CO 0 .00  0 .00  0 .00  

Total 99.94 99.67 9%94 99.82 99.88 99.75 

Ionic ratios to 6 oxygens 

Si 1.977 1.979 1.926 1.918 1.926 1.934 

AI Iv 0.023 0.021 O.074 O.082 0.074 0.066 

AI vi 0.029 0.037 0.046 0.054 0.047 0.042 

T1 0.004 0.005 0.004 0.005 0.005 0.004 

nr o.o03 o .oo  5 0.032 0 .032 0 .027  0.028 

Fe 2+ o,343 0.341 0.116 o.i18 o.121 0.123 

Mn o.o09 o.o09 o.oo5 0.oo4 0.004 0.o04 

Mg 1.553 1.334 0.9O 9 0.901 0.914 0.916 

Ca 0.049 0.053 0.877 0.873 0.872 0.870 

Na 0.001 0.001 0.011 0.013 0.012 O.O13 

K o.oO0 0ooo  o .coo  o.ooo o.ooo o.ooo 

s~z  2 .000 2 .000 2 .000 2.000 2.00O 2 .000 

S~X+Y 1.992 1.985 1.999 2.000 2.001 2.001 

Catlons - atomic per cent 

Mg 79.5 79.2 47-7 47.5 47.8 47.9 

Fe+Mn 18.0 18.i 6. 3 6.5 6.6 6.6 

Ca 2.5 2.7 46.0 46.o 45.6 45, 5 

Table 2. Electron microprobe ~nalyses ~d struct~al formul~ of 

pyroxenes from gabbro blocks in the m~l~ge. Total iron 

as FeO. 

R}lll6/l P~116/4 RHII6/6 Pd4116/7 RHII6/8 RH203/I 

sio 2 51.85 82.42 51.16 52.84 51.97 55 .64 

kl203 Z.87 2.77 3-99 2,91 2.76 1.88 

TlO 2 0.44 0.32 0.35 O.34 0.41 0.19 

Cr203 0.52 0.28 0.35 0.36 0.29 O-53 

FeO 6.96 6.21 6.37 5.90 6.33 4.45 

MnO 0.21 0.18 0.17 O.18 O.20 o.15 

Mg0 14.73 15.22 14.67 15.24 14.74 16,73 

cao 22.34 22.59 21.48 22.00 22.19 22.28 

Na20 O.19 O.19 O.~O o.23 o.18 0.21 

KpO 0.00 0.00 0.01 0.00 0.00 0.00 

Total 99.91 I00.18 98-75 i00.00 99.07 99.84 

Ionic ratios to 6 oxygens 

Si 1.922 1.93 o 1.908 1.941 1.935 1-961 

AI Iv 0.078 0,070 0.O92 0.059 0.065 0.039 

A1 v~ O.0~7 O.O50 O.O84 0.067 0.056 0.042 

Ti 0.012 0.009 0.010 0.009 O.011 0.005 

Cr o.009 o.oo8 O.OLO O.OLO o.oo9 O.OLO 

Fe 2+ 0.216 0.191 0.199 0.181 0.197 0.136 

Mn O.OO7 0.O06 0.005 O.OO6 O.O06 0.004 

Mg 0.814 0.835 0.815 0-834 0.818 0.912 

Ca 0.887 0.891 0.858 0.866 0.885 0.875 

Na O.014 0.014 O.014 0.016 0.013 0.015 

K 0,000 0 .000 o .c<~  o .G)o  0,00o 0 .000 

s~  z 2 .000 2.000 2.000 2.000 2.000 2.000 

s~ x.y 2.006 2.oo4 1.997 1.99o 1.995 1.996 

cations - atomic per cent 

Mg 42.5 43.4 43-4 44.2 42.9 47,4 

Fe+Mn 11.6 10.2 10.9 9~9 10.7 7.3 

Ca 46.1 46. 3 45.7 45.9 46.4 45.4 
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RH203/2 RH203/3 RH203/4 RH203/5 RH203/6 RH203/7 

SiO 2 53-59 53.38 53-30 53 .46 53.58 53.81 

AI203 1.86 1.8~ 1.88 1.92 2.02 1.99 

TiO 2 O.17 0.17 0.18 0.19 0.20 O.19 

Cr203 0.35 0.36 0.29 0.35 0.36 O.55 

FeO 4.47 4.40 4.48 4.44 4.49 4.33 

MnO 0.13 O.17 0.14 0.14 O.14 0.14 

MgO 16.76 16.77 16.80 16.69 16.54 16.52 

CaO 22.12 22.22 22.00 22.27 22.24 22.22 

Na20 0.19 O.15 O.19 0.24 O.19 0.22 

K20 0.00 O.O0 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 

Si 1.962 1.962 L960 1.958 1.960 1.966 

A1 Iv 0.038 0.038 O,040 0.042 0.040 0.034 

A1 vi 0.043 O.O41 O.041 0.o41 0.047 0.052 

Ti o.o05 0.OO5 O.O09 o.oo3 0.006 0.0O5 

O.OLO O.OlO o.oo8 O.OlO O.OLO O.OLO Cr 

Fe 2+ 0.137 O.138 O,138 O.136 O.137 O.132 

Mn 0.OO4 O.OO 3 0 ,oo4  0.004 0.004 0.004 

Mg o.915 O.915 0,921 O.911 0.902 0.900 

Ca O,868 0.872 0,867 0.874 0.872 0.870 

Na O.O13 O.O11 O.O14 O.O17 O.O13 0.016 

K 0.O0O O.OOO O.OOO 0.0oo O.OO0 O.000 

s~ z 2.00o 2.000 2.0oo 2.000 2.00o 2.000 

S~X+Y 1.994 1.994 1.997 1.999 1.992 1.989 

Cations - atomic per ce~t 

Mg 47.6 47.5 47.7 47.3 47,1 47.2 

Fe+Mn 7.3 7-3 7. 4 7-3 7.4 7-2 

Ca 45.1 45.2 44.9 45.4 45.3 45.6 

RMIT/9 RMI7/IO RMIT/II RMIT/I m RMI7/13 m RM17/14 m 

s i o  2 53-33 53-17 52-74 54.69 34.57 54-85 

AI203 1.79 1-65 1.96 1.21 1.31 1.O0 

TiO 2 O.23 0.23 0.21 O.00 0.00 O.O1 

Cr203 0.28 O.15 0.46 0.00 O.O1 0.00 

FeO 7.12 6.94 6.92 4.O5 2.92 2.99 

MnO 0.22 O.22 0.21 0.O8 O.O9 0.08 

MgO 15.41 15.49 15.24 14.92 15.50 15.32 

CaO 21.66 21.64 21.78 23.83 25.73 23.87 

Na20 0.16 0.17 O.21 0.04 O.04 0.06 

K20 0.00 0.00 0.00 0.00 0.00 0.00 

Total 100.20 99.66 99.73 100.82 1OO.17 100.38 

Ionic ratios to 6 oxygens 

Si 1.963 1.967 1.953 1-990 1-988 1.995 

A1 Iv 0.037 0.033 0.047 O.OlO 0.012 0.005 

AI vi O.041 0.O39 0.039 0.042 0.044 0.038 

Ti 0.006 0.O06 0.006 0.000 O.O0O O.O00 

Cr 0.008 0.004 O.Ol5 o.ooo o.ooo o.ooo 

Fe 2~ O.219 O.215 0.214 O.123 0.089 O.O91 

Mn 0.007 0.oo7 o.007 0.oo2 0.003 0.002 

Mg 0.846 0.854 O.841 0.809 0.842 0.841 

Ca 0,854 0.858 0.864 1.OO7 1.004 1,008 

Na O.011 O.O12 0.O15 0.OO3 0.O03 0.004 

K o.ooo o.ooo o.ooo o.o0o o.ooo o . c o o  

s~z 2.000 2.0OO 2.o00 2.CC0 2.000 2.O00 

S~ X*Y 1.993 1.993 1.999 1.986 1.985 1.985 

Cations - atomic per cent 

Mg 43.9 44.2 43.7 41.7 43.4 43,3 

Fe+Mn ii.7 11.5 11.5 6.8 4.7 4.8 

Ca 44.4 44.4 44.9 51.9 51.8 51.9 

Table 3. Electron microprobe analyses and structural fo~ulae of 

pyroxenes from rodingite blocks in the m~lange. Total iron 

as FeO. (m metasom~tic pyroxenes). 

RM17/2 RM17/3 RM17/4 RM17/5 RM17/6 RM17/7 RM17/8 

Sio 2 53-28 52.97 33~o3 53.11 33.34 52.68 33.13 

AI203 1.38 1.82 1.84 1.86 1.65 2.04 1.64 

TiO 2 O.21 O.23 0,24 0.23 O.22 0.24 O.23 

Cr203 0.18 0.32 O.17 0.18 O.22 0.64 O.24 

FeO 6.93 6.76 7,02 7.3 ~ 6.97 7.21 7.06 

MnO O.21 O.21 0.20 O.21 O.21 0.23 0.19 

MgO 15.60 15.28 15.49 15.78 15.55 15.47 15.32 

CaO 21.77 21.59 21.30 21.25 21.61 21.27 21.52 

Na20 O.16 O.20 0.19 0.18 O.2O 0.17 0.17 

K2O o.oo o.oo o.oi o.oo o.oo o.oo o.oo 

Total 99.92 99.38 99-69 1OO-O7 99-95 99.95 99.72 

Ionic ratios to 6 oxygens 

Si 1.966 1.964 1.961 1.958 1.967 1.947 1.965 

A1 Iv 0.O34 0.036 O.039 O.O42 0.033 O.O33 0.035 

A1 vl 0.035 0.044 0.042 0.039 O.O39 0.036 0.O37 

Ti 0.OO6 O.OO6 0.007 O.006 0.OO6 0.007 0.0O6 

Cr 0.005 0.009 0.005 0.005 0.O06 O.019 0.007 

Fe 2+ O.214 O.210 O.217 0.225 O.215 O.223 O.218 

Mn O.007 O.007 O.OO6 0.OO7 O.007 O.OO7 0.006 

Mg 0.858 0.844 0.854 0.865 0.854 0.882 0.855 

Ca O.861 0.858 0.852 0.839 0.854 0.842 0.853 

Na 0.011 O.O14 O.014 O.O13 0.014 O.012 0.012 

K o . o o o  o . o o o  o . o o o  o . o o o  o . o o o  o . o o o  o . o o o  

Sum Z 2.0O,3 2 . 0 0 0  2 .000  2.00s 2 . 0 0 0  2 . 0 0 0  2 .00O 

S~ X+Y 1.997 1.992 1.996 1.999 1.995 1.9~8 1.993 

Cations _ atomic per cent 

Mg 44.2 44.0 44. 3 44. 7 44.2 44. 5 44. 3 

Fe+Mn ll.4 ll. 3 11.6 12.0 ll. 5 12.O ll.6 

Ca 44.4 44.7 44.2 43. 3 44. 3 43.8 44.1 

RM17/18 ~ RMI7/19 TM RH228/I RH228/2 RH228/3 RH228/4 

SiO 2 54.65 34.66 33.07 52.89 52.99 33.04 

A1203 1.O1 1.19 2.36 2.49 2.37 2.37 

TiO 2 O.00 0.00 0.32 O.36 O.32 0-33 

Cr203 O.OO 0.01 0.38 0.46 O.41 0.38 

FeO 3.32 3.74 4.98 5.01 5.00 4.98 

MnO 0.08 0.07 0.22 0.18" 0.19 0.19 

MgO 15.20 15.03 16.78 16.71 16.77 16.73 

CaO 25.7O 23.73 21.48 21.53 21.49 21.46 

Na20 O.04 0.03 0.28 0.29 0.28 0.29 

K20 0.01 0.00 0.00 0.00 0.01 0.00 

Total ioo.01 1OO.46 99.87 99.92 99.83 99.79 

Ionic ratios to 6 oxygens 

Si 1.997 1.992 1.943 1.937 1.941 1.943 

A1 Iv 0.O03 0.OO8 0.057 O.O63 0.059 0.O57 

A1 vi 0.041 0.043 0.043 0.044 0.044 0.045 

Ti 0.000 O.OOO O.OO9 0.O10 O.OO9 O.OO9 

Cr 0.000 0.000 0.011 0.013 0.012 O.Oll 

Fe 2+ 0.101 O.114 O.152 O.153 O.153 0,153 

Mn 0 . 0 0 2  0 . 0 0 2  0 . 0 0 7  0 . 0 0 6  0 . 0 0 6  0 . 0 0 6  

Mg 0.828 O.816 O.916 O.912 O.916 O.914 

Ca 1.OO6 1.005 0.843 0.845 O.844 0.842 

Na O.OO 3 O.0O2 O.O2O O.O21 O.O20 O.O21 

K o . o o o  o . o o o  o . o o o  o . o o o  o . o o o  o . o o o  

s~ z 2.000 2.000 2.000 2.000 2.ooo 2.000 

s~x+Y 1.983 1.983 2.002 2.003 2.003 2.001 

Cations - atomic per cent 

Mg 42.7 42.1 47. 7 47.6 47.7 47~7 

Fe+Mn 5.4 6.0 8.3 8-3 8.3 8-3 

Ca 8]-9 31.9 45.9 44.1 44.0 44.0 
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Table 4. Electron microprobe ~alyses and st~etural fo~ulae of 

pyroxenes from ~ta-basalt blocks in the m~l~ge. Total 

iron as FeO. (P phenocryst pyroxenes; g gro~ass pyroxenes). 

RH290/3 p RH290/4 p RH290/6 p RH290/7 p RH290/8 p RH290/19 p RH29C/20 p 

~iO 2 49.09 50.91 91.O5 48.91 49.65 50.53 50.10 

A1203 3.72 1.87 1.86 3.68 2.91 3.46 3.50 

TiO 2 1.76 1.05 1.30 1.93 1.66 1.37 1.57 

Cr203 0.49 0.36 0.28 0.35 0.35 0.33 0.34 

FeO 6.99 6.87 6.83 6.67 6.55 6.59 6.93 

MnO 0.16 0.13 0.19 0.13 0.14 0.08 0.i0 

MgO 14.65 15.32 15.67 14.81 15.19 14.77 14.73 

CaO 21.37 21.73 21.16 21.83 21.80 21.7 o 21.28 

Na20 0.40 0.30 0.48 0.30 0-35 0.28 0.32 

K2O o.oo o.oi o.oo o.oo o.oo o.oo o.oo 

Total 98.63 98.75 98.8~ 98.63 98.60 99.31 98.89 

Ionic ratios to 6 oxygens 

Bi 1.851 1.913 1.914 1.844 1.870 1.883 1.877 

A1 Iv 0.149 0.083 0.082 0.156 O.129 O.117 0.123 

A1 vi 0.O17 0.000 0.O00 0.0O8 O.O~ 0.035 O.032 

Ti 0.05O 0.030 0.037 0.055 0.047 0.044 O.O44 

Cr O.O15 O.O11 O.008 O.O10 O.O10 0.O10 O.O10 

Fe 2+ 0.22O O.216 O.214 O.210 0.206 0.205 O.218 

n n  o.OO 5 o.oo4 0.0o6 0.004 0.004 0.003 0.oo 3 

Mg 0.823 0.869 0.876 0.832 0.853 0.820 0.823 

Ca 0.864 0.875 0.850 0.883 0.880 0.866 0.854 

Na 0.029 0.022 0.035 0.022 0.026 0.020 0.023 

K O.OOO O.OOO O.OO3 0.oo0 0.O00 0.OOO 0.O00 

S~ Z 2.OCO 1.996 1.996 2.000 1.999 2.O30 2.0OO 

~ X+Y 2.023 2.026 2.026 2.025 2.026 2.003 2.008 

Cations - atomic per cent 

Mg 43.1 44. 3 45.0 43.1 43.9 43.3 43.3 

Fe+Mn 11.8 11.2 11.3 ii.i 10.8 ll.O 11.6 

Ca 45.2 44. 5 43. 7 45.8 43. 3 45.7 45.0 

Table 4 (continued). 

RH290/17 g RH290/18 g RH290/22 g RK290/25 g BH95/I B1{95/2 RH95/3 

SiO 2 46.31 47.87 51-70 49.20 48.16 48.82 50.09 

A1203 6.93 3.04 3.46 3.53 3-91 4-33 3-31 

TiO 2 3.56 1.72 1.45 1.48 2.02 1.99 1.19 

Cr203 O.10 O.ii 0.32 0.28 0.91 0.67 O.66 

FoO 9.08 8.14 10.48 8.44 6.73 6.O1 5-35 

MnO O.12 O.14 0.23 O.14 O.12 O.11 O.ll 

MgO 12.53 14.51 11.05 13.28 13.44 13.99 14.99 

CaO 20.55 21.29 20.14 21.11 23.O3 22.62 22.70 

Na20 0.38 0.41 0.97 0.44 0.44 0.39 0.60 

K20 O.00 O.O1 0.00 O.00 O.O1 0.00 O.00 

Total 99.56 97.24 99.80 97.90 98.77 98.93 99. OO 

Ionlc ratios to 6 oxygens 

Si 1.746 1.846 1.938 1.878 1.826 1.835 1.873 

A1 ~ 0.254 0.138 O.O62 0.122 O.174 0.165 0.127 

A1 vi O.O55 0.000 O.O91 0.037 O.OO1 0.026 0.019 

Ti O.io1 0.050 0.O41 0.042 O.O38 0.056 0.033 

Cr 0.003 0.003 0.0O 9 O.008 0.027 0.020 0.020 

Fe 2§ O.286 0.263 0.329 0.269 0-213 O.189 0.167 

Mn O.OO4 0.O05 O.OO7 0.005 0.004 O.OO4 0.003 

Mg 0.704 0.834 0.617 0.755 0-760 0-783 0.836 

Ca O.830 0.88O 0.809 0.863 0.936 O.911 O.910 

Na 0.028 0.031 0.071 0.053 0.032 0.028 0.044 

K 0.000 O.OOO 0.000 0.000 0.000 0.000 0.000 

s~ z 2.000 1.984 2.000 2.0o0 2.000 2.o00 2.0oo 

s~ x+Y 2.oi1 2.065 1.975 2.012 2.o31 2.018 2.032 

Cations - atomic per cent 

Mg 38.6 42.1 35.0 39-9 39-7 41-5 43-6 

Fe+Mn 15.9 13.5 19.1 14.5 i1.4 10.2 8.9 

Ca 45. 5 44.4 45.9 45.6 48.9 48.3 47.5 

RH290/21 p RH290/ll g RH290/12 g RH290/13 g R~290/14 g RH290/15 g RH290/16 g 

SiO 2 50.66 49.01 44.71 50.03 47.86 50.00 48.88 

AI203 3-72 4.22 6.97 2.82 5.18 3-35 2.89 

TiO 2 1.70 2.18 3.37 1-45 2-59 1.71 1.57 

Cr203 0.36 0.22 0.20 0.18 O.2O 0.15 0.21 

FeO 6.88 10.00 11.42 9.00 9.95 8.41 9.22 

Mno O.12 O.16 O.21 O.20 O.20 0.13 0.35 

MgO 14.12 13.O8 10.42 15.O8 12.14 14.53 14.79 

CaO 21.66 19.58 19.97 19.29 20.22 19.73 20.01 

Na20 0.36 0.3 ~ 0.79 0.32 0.67 0.35 0.75 

K20 O.O0 O.CO 0.00 O.00 0.OO O.OO 0.00 

Total 99.58 98.75 98.26 98.37 99.O1 98.36 98.64 

Ionic ratios to 6 oxygens 

Si 1.884 1.858 1.733 1.893 1.818 1.887 1.899 

A1 Iv O.116 O.142 O.267 C.107 O.182 O.115 O.130 

A1 v~ 0.047 O.O46 O.O52 O.O19 0.051 0.O36 O.COD 

Ti 0.048 0.062 O.104 O.O41 O.O74 0.049 0.045 

Cr O.Oll 0.007 O.0O6 O.005 O.OO6 0.OO4 0.OO6 

Fe 2+ O.214 O.317 0.370 0.285 0.316 0.265 0.293 

Mn 0.O04 0.005 0.007 0.006 0.006 0.004 OiOll 

Mg 0.783 0.739 0.602 0.850 0.687 0.817 0.839 

Ca 0.863 0.795 0.830 0.782 0.823 0.798 0.816 

Na O.O26 0.022 0.059 0.023 0.049 0.026 0.055 

K O.OOO 0.000 0.000 0.000 0.O00 0.OO0 O.0OO 

S~ Z 2.OOO 2.OOO 2.000 2.000 2.000 2.000 1.989 

B~ X+Y 1.995 1.994 2.O30 2.012 2.013 2.000 2.066 

Cations - atomic per cent 

Mg 42.0 39.8 33-3 44.2 37-5 43.4 42.8 

Fe+Mn 11. 7 17.4 20. 9 15.1 17.6 14. 3 15.6 

Ca 46.3 42.8 45. 9 40.7 44. 9 42. 3 41.6 

RH95/4 RH95/6 RH95/7 RH95/8 RH95/10 RH93/12 RH95/13 

SiO 2 50.09 30.12 49.27 49.88 49.69 49.69 51.56 

A1205 3.38 3.21 4.35 3.54 4.63 4.35 3.54 

TiO 2 1.32 1.17 2.OO 1.52 1.88 1.91 1.26 

Cr203 O.32 O.90 0.75 0.66 0.66 0.52 0.64 

FeO 5.66 5.36 5.79 5.37 6.O1 6.15 5.83 

MnO O.15 O.ll O.14 O.11 0.ii O.i0 0.i0 

MgO 14.66 15.00 14.35 14.99 13.42 13.51 1].81 

CaO 22.62 22.46 22.35 22.53 22.19 23.13 22.31 

Na20 O.35 O.36 0.37 0.32 O.4O 0.49 0.42 

K20 O.OO 0.O0 O.OO O.OO 0.OO 0.00 O.OO 

Total 98.75 98.69 99-37 98.92 98.99 99.85 99.68 

Ionic ratios to 6 oxygens 

Si 1.878 1.878 1.839 1.863 1.858 1.850 1.908 

A1 Iv O.122 0.122 , O.161 0.135 O.142 0.150 0.092 

AI vl 0.027 0.020 O.O3 o O.O21 0.062 0.041 0.063 

Ti 0.037 0.033 O,O56 0.043 0.053 0.053 0.035 

Cr o.o15 o.o27 0.022 0.020 0.o2o O.O15 0.019 

Fe 2+ O.177 0.168 0.181 O.168 O.188 O.191 0.180 

Mn 0.005 0.003 0.004 0.003 0.003 0.003 0.005 

Mg 0.819 0.838 0.798 0.835 0.748 0.749 0.762 

Ca 0.909 0.902 0.894 0.903 0.889 0.923 0.893 

Na 0.025 0.026 0.027 0.023 O.O29 0.035 0.050 

K 0.0OO O.000 O.OOO 0.000 0.O00 0.O00 O.000 

S~ Z 2.000 2.00O 2.000 2.000 2.OOO 2.OO0 2.OOO 

S~l X+Y 2.O15 2.017 2.012 2.016 1.992 2.Oll 1.985 

Cations - atomic per cent 

Mg 42.9 43,8 42. 5 43. 7 40.9 40.2 41.4 

Fe+Mn 9-5 9.0 9.9 9.0 10.5 10.4 iO.O 

Ca 47.6 47.2 47.6 47.3 48.6 49.4 48.6 


