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ABSTRACT. This paper is a result of study and investigation of 45 samples
collected, at SO meter intervals, from CY-4 drill hole of the Cyprus Crustal
Study Project, to confirm, on basis of petrographic studies and chemical
analysis, the classification of the Troodos Ophiolite suite and the terminol-
ogy of the rock units.

Troodos complex comprises a Cretaceous ideal ophiolite suite. Drill hole
CY-4, located in the southeastern part of the complex, penetrates through
sheeted dikes, gabbroic rocks, and ultramafic cumulates. The rock sequ-
ence of the drill hole could be broadly classified into:

1) a diabasic zone representing the sheeted dikes, (9.85m-483.50m),

2) azone of mixture of sheeted dikes and gabbros, (483.50m-837.45m),

3) massive gabbro zone, (837.45m-1346.80m),

4) cumulate gabbro zonc, (1346.80m-1754.10m), and

5) ultramafic zone consisting essentially of clinopyroxenite, websterite
and dunite, (1754.10m-2263m).

The studied samples can be divided chemically into mafic and ultramafic
groups which correspond closely to the petrographic classification. Mafic
magmatic rocks are generally oversaturated tholeiites. Trace eleinent con-
tents are similar to those expected from such rock suites. Chemical charac-
teristics of the ultramafic rocks indicate a cumulate origin consistent with
previous investigations.

Introduction

The Troodos complex (Fig. 1) covers an area of about 3000 km? in southern Cyprus
(Gass 1960). This complex comprises mainly Cretaceous intermediate, mafic and ul-
tramafic, volcanic and plutonic rocks (Gass 1980, Robinson et al. 1983; Schmincke et
al. 1983). These rocks, locally overlain by marine sediments (Fig. 1), from an ideal
ophiolite sequence ranging from pillow lavas through sheeted dikes, cumulate gab-
bro and peridotites to dunite and tectonized harzburgite (Gass 1980).

Many workers studied the petrology of the Troodos ophiolite (e.g. Ingham 1959,
Greenbaum 1972 & 1977, Malpas and Langdon 1984, Cameron 1985). The following
is a summary of these studies:

Generally, the extrusive rocks form a continuous belt around the plutonic rocks of
the ophiolite complex (Fig. 1). They are divided into two members: Lower pillow
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FiG. 1. Geological sketch map, section. ophiolite sequence of the Troodos massif. and location of drill
hole CY-4 (after Gass, 1980).

lavas (LPL), which are andesites to dacitic andesite comprising mainly plagioclase
(Anss.ys), orthopyroxene, clinopyroxene and opaques, and Upper pillow lavas
(UPL) which are mainly basaltic andesite containing plagioclase, low-Ca pyroxene,
and amphibole with olivine and diopside as phenoerysts.

The sheeted dike swarms have a general N-S trend and according to Moores and
Vine (1971) they indicate an extension of more than 100 km. These rocks are gener-
ally diabasic consisting of plagioclase (Angsg,), orthopyroxene, clinopyroxene and
opaques.

The cumulate rocks are underlain by mantle tectonized harzburgite. They com-
prise dunite, wehrlite, pyroxenite and gabbro cumulates with the phase layering;
olivine, olivine + diopside, olivine + diopside + enstatite, olivine + diop-
side + enstatite + plagioclase, diopside + enstatite + plagioclase (Greenbaum
1972, Allen 1975, Thy et al. 1986).

The mantle sequence of the Troodos complex is composed mainly of tectonized
harzburgite containing olivine (Foyy.9;), enstatite, and diopside. Dunite and plagioc-
lase lherzolite pods are common. The harzburgite, which is considered to represent
the residue of plagioclase lherzolite partial melting, is assumed to form the parental
liquids of pillow lavas, sheeted dikes, and cumulate rocks (Smewing et al. 1975,
Wood 1979).
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Drill hole CY-4, which is a part of the Cyprus Crustal Study Project, is located in
the southeastern part of the Troodos massif (Fig. 1) at 34°54'06"N Latitude and
33°05'38"E Longtitude. This drill hole penetrates 2263m of the ophiolite sequence
starting from sheeted dikes passing through the gabbroic zone and ends in the ul-
tramafic zone.

A total of 45 samples from this drill hole was selected for petrographic studies and
chemical analysis, in order to understand the petrochemical characteristics of the
ophiolite sequence. Table 1 shows the petrographic classification and the results of
chemical analysis of the studied rocks.

Petrography

The rock sequence observed in drill hole CY-4 may be broadly classified into the
following zones:

1) A diabasic zone (9.85m-483.50m) representing the sheeted dikes,

2) Mixture of sheeted dike and gabbro (483.50m-837.45m),

3) Massive gabbro (837.45m-1346m),

4) Cumulate gabbro (1346.80m-1754.10m), and

5) Ultramafic zone (1754.10m-2263m).

The position of the contacts are not known because of the 50 meter intervals between
sample. The exact thickness of different zones can be obtained from the hole CY-4
core descriptions (Horne and Robinson 1984).

1. Sheeted Dike Zone

The thickness of this zone is about 470m. The upper part of the sequence com-
prises, fine-grained ophitic, altered rock consisting mainly of plagioclase (Ans;.¢g),
tremolite, chlorite and opaque minerals. Zeolite veinlets and amygdules were ob-
served in some sections, especially in the upper most parts. Relicts of clinopyroxene
are seen frequently and epidotization of plagioclase is common. This fine-grained
rocks represent narrow dikes or chilled margins of thicker dikes.

The lower part of the dike sequence consists of medium-grained diabases and com-
posed mainly of plagioclase (Angg.¢), altered pyroxene and opaque minerals. Chlo-
rite, tremolite and actinolite are the main alteration products of pyroxene. Zeolite
veinlets are less common than in the upper dikes.

2. Sheeted Dike/Gabbro Zone

This zone, which is a mixture of a diabasic and gabbroic rocks, is about 770m thick.
The diabases are petrographically similar to those of the overlying sheeted dike com-
plex.

The gabbroic rocks are generally coarse-grained with some cumulate textures and
they consist mainly of caleic plagioclase (Angs.eg), clinopyroxene (augite/diopside),
tremolite and opaque minerals. Epidotization and albitization of plagioclase are fre-
quently present. One sample (Sample N 18 — Table 1) is a leucocratic with more than
60% sheared plagioclase.
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In general, low-grade metamorphism is common, especially in the diabasic rocks

of the sheeted dikes. It includes zeolite facies in the upper part of the sequence grad-
ing to lower green schist facies. This type of metamorphism is indicated by occurr-
ence of zeolites, altered plagioclase and appearance of such minerals as tremolite
and chlorite.

3. Massive Gabbro Zone

The gabbroic rocks may be divided broadly into a massive gabbro zone about 509m
thick and a cumulate gabbro zone about 408m thick.
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The massive gabbros are generally coarse-grained and characterized by a uniform
texture. The main minerals are plagioclase (Angs.s), diopsidic augite, tremolite and
opaque minerals. Plagioclase sometimes shows igneous lamination (e.g. sample N
17).

4. Cumulate Gabbro Zone

Drill hole CY-4 penetrates gabbro and ultramafic cumulates (Zone 4 and 5) down
to the clinopyroxenite and websterite. Opx and Cpx occur throughout the core and
plagioclase decreases sharply as a cumulus phase below 1693.4 meters depth. Olivine



92 M.O. Nassiefand H. M. Ali

appears as a cumulas phase below approximately 1418.2 meters depth. Major pet-
rographic and/or chemical breaks occur approximately at 483.5, 837.5, 1346.8,
1692.4 and 2224.3 meter depth.

The cumulate gabbro zone consists essentially of gabbro and gabbronorite cumu-
lates. A websterite zone was cncountered at a depth of 1496.70 meters (sample N
25).

The cumulatc rocks consist mainly plagioclase, clinopyroxcne, orthopyroxene and
tremolitic amphibole. Plagioclase, representing 50%-80% of the rock, exists as both
cumulus and intercumuius phases. It is characterized by its calcic nature (Any).
Clinopyroxene is diopsidic in composition and orthopyroxene is magnesian. They
may occur as cumulus or intercumulus phases. Epidotization and serpentinization
are the most common types of alteration.

5. Ultramafic Zone

The ultramafic zone of the sequence consists essentially of clinopyroxenite, webst-
erite and dunite, These rocks are characterized by the sudden decrease in their
plagioclase content, compared to the gabbroic zones and by the relative increase in
pyroxene and olivine contents. Clinopyroxene (40%), orthopyroxene (40%), and
olivine occur mainly as cumulus minerals while plagioclase represents intercumulus
material. The bottom 100 meters of the drili hole are of dunitic composition, where
olivine makes up to 90% of the rock. Serpentinization is widespread obscuring the
textures. However, these rocks are interpreted as cumulate dunites.

Chemistry

All the samples were chemically analysed in the laboratories of the Faculty of
Earth Sciences, King Abdulaziz University, using XRF for the major oxides and
atomic absorption and plasma (DCP) for the trace clements (Table 1). Fourteen
samples are sheeted dikes (N1-N14), eight are massive gabbro (N15-N22), six are
layered gabbro (N23-N28), and seventeen are ultramafic rocks (N29-N45). Nor-
malized oxides values were used for norm calculations (Table 2).

Based on chemical composition, the rock series may be divided into two major
groups: Mafics and ultramafics.

a) Mafic Group

Sample N1 to N28, except N18, represent sheeted dikes, massive gabbro and a
layered gabbro (Table 1). Due to similarity in chemical composition, these samples
will be discussed as one group unless it is otherwise mentioned, in spite the fact that
the sheeted dikes and the massive gabbro are genetically different than the cumu-
lates. Few samples (N1, N7, N8, N10, N11 and N20) show an intermediate chemical
composition, Moores and Vine (1971) and Desmet et al. (1980) indicated the dacitic
andesite or basaltic andesite chemical composition of some of these rocks.
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Most samples are oversaturated in silica as indicated by their normative quartz av-
eraging 5.28% and reaching up to 17.05%. Normative orthopyroxene is generally
high. The wide variation in chemical composition in some elements is probably due
to the variation in the relative proportions of the major mineral components.

The chemistry of the cumulus phase of drill hole CY-4 (below 1346 meters) arc
characterized by some variations which are probably due to variations in mineral
chemistry. Thy {1986) mentioned the extensive variation in mineral chemistry with
olivine ranging from Fo, to Fog, plagioclase from Any, to Angy, diopside from
En, Fs;;sWoy; to Ens;Fs;Wo,, and enstatite from Eng Fs;,3Wo; to EngsFs;;Woa.

Mg (3.30%-10.36%) and CaO (7.29%-16.84%) are normal and generally show an
increase with depth. The sudden increase in MgO content between N28 and N29 dis-
tinguishes the mafic and the intermediate rocks from the ultramafic rocks. Total FeO
content is generally constant a features characteristic of most basalts which belong to
ophiolites (Coleman 1977). TiO; content is within the range of such rocks. Total al-
kalies are relatively high probably due to mobilization of K,O and Na,O. The in-
crease in total alkalis, especially in the shected dikes, may be attributed to the pre-
sence of zeolites. The relatively high SiO,, alkali and H,O contents and low CaQ,
MgO and FeO contents of some of the sheeted dikes is possibly caused through sea
water lava interaction {Gass and Smewing 1973, Serri 1979).

Trace elements such as P, Zr, Nb, Rb and Sr arc comparable to those observed in
other ophiolite masses (Coleman 1977). Nicontent is relatively low, probably, due to
lack of olivine. In the sheeted dikes, Ni content varies between 33-94 ppm which may
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represent more than one magma. Also a consistent relation is observed between the
Ni and TiO, content in these rocks, where Ni increases with the decrease in TiO,.
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Similar to most ophiolites, the tholeiitic affinity of the matic group is seen on AFM
and SiO,-Feo/MgO diagrams (Fig. 2 and 3). An Al,O;-Ca0O-MgO diagram these
rocks lie in the field of mafic cumulates (Fig. 4).
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b) Ultramafic Group

The ultramafic rocks have cumulate textures and are interpreted as crystal cumu-
lates. MgO content ranges from 15.13 to 28.69% and total iron content ranges from
4.56109.26%. The last two samples (N, & Nys) are characterized by their exception-
ally high MgO contents (34.11 & 36.29%, respectively) and their high total iron con-
tents reaching up to 13.3% indicating olivine enrichment. The N1O, & Cr,0O; ratios
were used for discrimination between mantle and cumulates rocks (Malpas 1976, Ir-
vine and Findlay 1972, and Price 1984) for the East African Ophiolite suites. By
using the same design, all the Troodos ultramafics lie within the field of cumulates.
The depletion in Ni may be due to less abundance of olivine. These rocks show clear
similarity both in their composition and on variation diagrams, to those reported
from other ophiolite suites. The high SiO; content in some of the ultramafics may be
due to secondary 510, enrichment.

The high CaO contents may be due to the high Ca-rich pyroxene content. K,O,
P,0Os and Al,O; are less than those encountered in the mafic group. Zr, Y, Rb are
very low or even below detection limit reflecting the depleted nature of oceanic
tholeiites, affecting the crystal accumulation.

On the Al0,-CaO-MgO diagram (Fig. 4) and a FeO,,,-Al,O;MgO diagram (Fig.

5) most of the analysed samples cluster within the field of the ultramafic rocks (Col-
eman 1977).

FeOy+T;05

THOLEITES

KCMATIITES

AlaO3 MgO

Fiii 5. Jensen diagram (1976) showing composition range of sheetca dikes and dike/gabbro mixture of
CY-4 drill hole, Troodos ophiolite,
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Conclusions

Petrographic and geochemical studies of 45 samples from CY-4 drill hole (CCSP)
show that the rock sequence of this bore hole can be classified into (1) sheeted dike
zone of diabasic composition, (2) zone of mixed dikes and gabbros, (3) massive gab-
bro, (4) cumulative gabbro, and (5) ultramafic cumulates and undifferentiated du-
nite.

The mafic rocks are generally tholeiite in composition with some Si0; enrichment.
The chemical composition is variable due to variation in major mineral components.
The sudden increase in MgO differentiates the mafics from the ultramafics. Trace
elements are comparable to those observed in other ophiolite masses.

The ultramafics are cryvstal cumulates. Olivine enrichment is refiected by the rela-
tively high MgO content. The last 100m could represent the lower most part of ul-
tramafic cumulates. Very low Zr, Y and Rb contents reflects the depleted nature of
the oceanic tholeiite effecting the crystal accumulation.
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