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Abstract

The igneous mass in Mawat Ophiolite Complex (MOC) is built up by various basic
and ultrabasic intrusions that are associated with minor acidic, intermediate and basic
intrusion. The present study was examined the minor acidic intrusions (plagiogranite),
with associated basic igneous rocks in order to understand the possible origin of these
rocks. The plagiogranite in MOC composed mainly of quartz and alkali feldspar with
rare Ca-plagioclase. These rocks are metaluminous, low-K calc-alkaline with
mineralogical and geochemical characteristics of oceanic plagiogranite (trondhjemite).
They are characterized by high Sr, Ba, Th, concentration and low Ni, and Cr contents.
They are also display chondrite — normalized REE patterns characterized by LREE
enrichment, moderate to minor HREE fractionation. Trace element distribution patterns
show that these rocks are distinctively enriched in large ions lithophile element LILE
compared to high field strength elements HFSE. This feature is commonly apparent in
volcanic arc granite. The origin of plagiogranite in MOC explained as a result of partial
melting of hydrated basaltic / gabbroic rocks.

Introduction

The Mawat Ophiolite Complex (MOC) is situated in north east Iraq
30km north of Sulaimani city, covering an area of about 250 km? (fig 1).
The complex is part of the Iragi Zagros Thrust Zone (1ZTZ) which in turn
iIs a member of Alpine-Himalayan Orogenic belt of Mesozoic Tethyan
oceanic plate, Buda and Al-Hashimi (1977).The Zagros fold —thrust belt
extends for about 2000 Km and developed in an epicontinental,synorogenic
proforeland basin, whose evolution has been intimately related to tectonic
and structural events of associated Zagros Orogen. The Zagros Orogen is
interpreted by Alavi, (2004) as the product of major sequential geotectonic
events (1) subduction of New-Tethyan oceanic plate beneath the Iranian
lithospheric plates during Early to Late Cretaceous time (2) obduction of
Neo-Tethyan oceanic slivers (ophiolites) over the Afro-Arabian passive
continental margin in Late Cretaceous (Turonian to Companian) time and
(3) collosion of Afro-Arabian continental lithosphere with Iranian plate that
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started in Late Cretaceous. Falcon, 1969, 1974 and Hessami et al. 2001
divided the Zagros Orogenic into three zones (the thrust zone, the Zagros
imbricated zone and the Zagros fold thrust belt). While Alavi, 2004 divided
the Zgros Orogeny into three parallel belts (Urmich —Dokhtar magmatic
assemblage, the Zagros imbricatted zone (the Sanandaje-Sirjan zone as
redefined by Alavi, 1994, after Stocklin, 1968a, 1977) and Zagros fold
thrust belt). The MOC is a part of Zagros imbricated zone which is a zone
of thrust faults that have transported numerous slices of metamorphosed
and non-metamorphosed Phanerozoic stratigraphic unit's of Afro-Arabian
passive continental margin, as well as its obducted ophiolites, from the
collision suture zone on the northeast toward the interior parts of the
Arabian cartons to the south west. The MOC consists of a thick sequence of
serpentinized ultramafic rocks (> 2000m) and predominantly mafic rocks
(~170 km?) associated with acidic intermediat e and basic minor intrusions.
These intrusive masses are emplaced within a sequence of green schist
(metabasalt and amphibolites). These igneous rocks and probably part of
their country rocks are allochthonous (Jassim, 1972; Jassim & Goff,
2006).The ophiolite rocks depositionaly overlapped by Gimo sequence.
Both the ophiolite and Gimo sequence underwent low grade regional
metamorphisim (Al-Mehadi, 1974). The MOC is sandwiched between two
main thrust sheets Walash and Naopurdan groups in the east, west and
south (fig.1).The acidic minor intrusions (plagiogranite) are well developed
in the area between Amadin and Merawa village (Fig 2) where they form
small bosses that are totally restricted to the shearing zone of the gabbro
(fig 3). Although these bosses are found cutting most of the above
mentioned rock types, they, themselves, are traversed by various sets of
joints and shear zones. This paper presents field and geochemical data from
the MOC fragment, focusing on the felsic rocks (acidic intrusions in the
MOC between Amadin and Merawa) and discussing for the first time their
possible origin, formation and their tectonic setting.



. vol.2, No.1,2007

1€S

ific Studi

t

S AN 0 N \
A\ \§
N X / // \ \ N\ ~
AN \ \ N
N\ NN

L
z
o
g
[
o]
s
z
S ;//ﬁ,%%ﬂﬁ/, \ N \ /W//M%/WNV// N Om
/ & / = . /x%%/é%%%n%?%@;/&%/ﬂ/ )
e TN N , TN, 1 g9
[e]
[]
gz
2Z
‘ i
I\J o
o8
, o , A ¢ 0=
N \ \ N ,/,///,'A/ SN ..
/ A L , \ ./,%%%f%%,. Nl >
\ N \ \ \ N N\ /// /l%/// -—
NN \ L
\ \ %V%/ﬁ%
§ S
\ \

ien

ity —Sci

IVErsi

Flysch-Like sediments, Lst volcanites, Granitoids (g)
Conglomerate unit (Rb3), coars conglomerate

Sandstone unit (R02)
Lower redbeds unit (Rb1), siky or sandy marls

Gabbro, metagabbro (G), Granitoids (g)

Ultramafics (U)

g
z
:
g
&
M
F
i
El
g
s

Vocanics Lst., Diabase (D)
Nawprdan sequence (N)

Adra Lst. Fn (Aq)

Tanjero Fn (Cr3t) sitty and sandy mal,ist.
Cherty cong.

shiranish Fn. (Cr3sh), marts

Quiquia Radiolarian series

Lst, chert, shale and siltstone

Main thrust
Minor thrust

7 Walash Sequence (W), Shale, graywacke
Upper Redbeds unit (Rb4), sandy Lst.

Marble (m).

8 ) = o 2
£ = 5 v 3 £ E
g H g 28 58 o8
g 0 x G 3 s5a 28 29
& 23 gg8 28 2 a3
8o 3= S8 432 gs L8]
SE is 322 £ zo za
zo =0 e

Legend

Journal of Kirkuk Un




Journal of Kirkuk University —Scientific Studies , vol.2, No0.1,2007

==\ = Z 2 )
N x'\ BE== Studiedarea
2 3

2 MV SELNN o 4 2K

ST """( % m
. 2 Kiometer

D = =

u S M

Fig.(3) Small bosses of plagiogranite associated with gabbro in MOC.
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Geological background

The MOC represents an elevated area that is flanked by a relatively low
topography. It is triangular in shape bordered by the Lesser Zab River
(Iranian border) from the north and by a topographically low region
composed of softer sedimentary rocks from the east, south and west. This
complex is drained towards the Zab River from the north while the stream
network in the central and southern part drains towards the plain of Choarta
and finally into the Lesser Zab River. The highest peak in the MOC is
situated in its central part, reaching a maximum elevation of 2750 meters
above sea level (Al-Hassan, 1975).
The geology of MOC has been studied by some earlier workers (Jassim,
1972, Jassim & Al- Hassan 1977, Jassim & Goff, 2006, Al-Hassan, 1975,
Asawd, & 0jhal984, Aswad & Elias, 1988, Aswad 1999, Al- Aqrawi,
1990,). AIll these workers focused on petrography, geochemical
investigation and tectonic setting of ultrabasic and basic rocks. While the
acidic rocks (plagiogranite) were described by Jasssim,(1972), and Jassim
and Al- Hassan, (1977) petrographically as albite granites without any
geochemical investigation.

Sampling and petrography

The investigated area lies between Amadine and Merawa village (fig 2)
the most common rock types include gabbros which are progressively more
sheared to the west of Merawa and also intruded by numerous small
igneous bodies. The plagiogranites are well developed within the gabbro
between Amadine and Merawa village. They occur as intrusive in the form
of small bosses and veins (fig 3). They are medium to coarse grained,
consisting predominantly of quartz and plagioclase with rare K-feldspar.
They vary in width from few centimeters to few meters, and their length
can seldom be traced for more than 50 m.The gabbroic rocks are traversed
by joints and these joints are concentrated in acute and vertical shear belts.
Eleven samples were collected from the investigated area; seven samples
(Al to A7) from the plagiogranites and four samples (A2-2, A4-1, A5-1,
AT7-2) from the gabbros associating these plagiogranite rocks.Under the
microscope the petrography of these samples is relatively simple.The
plagiogranite exhibits granular hypidomorphic texture consisting
predominantly of quartz and plagioclase (typically albite An (), with rare
K- feldspar.The subordinate minerals represented by, biotite, amphibole,
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clinopyroxene, and epidote.The albite forms between (50-65 %) of the
rock, quartz forms between (18- 26 %), (table 1) they plot in the low
pressure field on the normative Or-Ab-An triangular diagram,and represent
a trondhjemite composition (fig 4). The associating sheared gabbroic rocks
range in grain size from fine grained to medium.They are mainly composed
of labrodorite (An.g - An.;g) and range between(19-48)percent in modal
percentage.Amphibole which is present as fibrous and as small euhedral
crystals ranging between 11-47 %,pyroxene is present as partially altered
crystal of clinopyroxene to amphibole but they preserve their main
structure as clinopyroxene ranging in modal volume % between 6-15%.
Chlorite,epidote,quartz and opaque are presents as accessories(table 1).
Some of plagioclase lath show alteration with development of sericite and
epidote.Quartz is present in sheared gabbro reaching up to(20 %)of the
mode.This mineral is interstitial and has been related to later magmatic
activity that produced the plagiogranite(Jassim, 1972).The quartz grains
have pronounced undulose extinction indicating later deformation.

Fig.4. Normative Or-Ab-An triangular diagram showing plotting of
plagiogranitesamples from MOC.
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Table(1): Modal volume % of mineral composition of plagiogranite and

gabbro
Plagiogranite Gabbro
samples A2- | Ad- | As- | AT-
Al | A2 | A3 A4 |A5|A6|A7T| 2 1 1 2
Ca-Plagioclase | 12 | 11 | 11 12 9 | 2|8 |41 | 19 | 48 | 20
Albite 58 | 52 | 56 50 |51 ]65|59| 0 0 0 0
Orthoclase 2 |1 1 2 1 3] 3 0 0 0 0
Quartz 18|24 | 22 25 | 2622|118 0 8 | 26 | 20
Clinopyroxene | 2 | 2 1 0 5|1 3] 2|15 ] 11 | 10 6
Biotite 1|2 2 2 1 (1)1 0 0 0 0
Iron oxide 0] 0 0 0 0] 0|0 1 6 3 5
chlorite 00 0 0 0] 0|0 4 5 0 1
Hornblend 5|7 5 6 314 |5 |39 | 47 | 11 | 46
Epidote 2 |1 2 3 4 10| 4 0 4 2 2

Analytical technigue

Major and trace element composition of 11 samples including gabbro
and felsic rocks were determined on fused glass beads and press powder
pellets, respectively,on a Thermo-ARL Advant’XP+ X-ray fluorescence
spectrometer XRF)at GeoAnalytical laboratory,School of Earth and
Environmental Sciences department,Washington State University Rare
earth elements(REE),and  Ba,Th,Nb,Y,Hf Ta,U,Pb,Rb,Cs,Sr,Sc,and Zr
were determined on subset of three felsic samples and four gabbros by
Hewlett Packard(Agilent)HP 4600 inductive coupled plasma-mass
spectrometer(ICP-MS)at Washington State University.Geochemical data
are shown in Table 2& 3.
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Table(2): The results of XRF analysis of plagiogranites and associated
gabbros in MOC.,

Plagiogranite Gabbro

Oxides AT T A2 | A3 | A4 | A5 | A6 | A7 |As2] A&l |A5L[A72

Si02 67.36 | 69.5 702 | 716 | 70.8 | 70.48 | 68.21 | 52.85 | 35.57 | 58.13 | 48.16

TiO2 0323 ] 0314 | 029 | 044 | 0.14 0.08 | 0.111 | 0.256 | 1.130 | 0.809 | 0.520

Al203 1547 ] 1435 | 1511 | 14 129 | 13.38 | 14.65 | 15.75| 15.28 | 13.98 | 16.58

FeO* 169 | 1.72 1.45 1.8 2 1.05 201 | 6.14 | 22.34 | 10.12 | 9.69

MnO 0.026 | 0.024 | 0.023 | 0.04 | 0.06 | 0.003 | 0.033 | 0.104 | 0.177 | 0.108 | 0.188

MgO 289 | 2.65 2.84 2.1 1.39 1.89 243 | 831 | 766 | 3.79 | 6.00

Ca0 279 | 3.01 2.88 26 | 3.079 | 131 31 [1381] 6.65 | 9.46 | 1581

Na20 6.65 | 5.99 6.52 | 5.59 5.8 7.4 6.77 | 099 | 0.14 | 1.40 | 0.31

K20 0.26 | 0.23 0.19 0.3 0.2 0.453 | 0.512 | 0.06 | 0.01 | 0.03 | 0.03

P205 0.072 | 0.065 | 0.081 | 0.01 | 0.04 | 0.147 | 0.033 | 0.020 | 0.016 | 0.053 | 0.028

Sum 97.53 | 97.853 | 99.584 | 98.48 | 96.409 | 96.193 | 97.859 | 98.28 | 88.97 | 97.88 | 97.32

LOI(%) 091 | 0.92 0.65 0.7 1.2 1.03 0.9 132 | 447 | 114 | 211

Traces(ppm)
Ni 62 58 50 49 46 50 60 72 47 20 77
Cr 81 65 77 54 85 90 59 93 23 9 386
Sc 6 5 8 10 10 8 11 48 58 38 64
V 39 46 50 60 40 55 43 221 | 756 | 318 | 315
Ba 141 165 139 150 200 211 188 16 18 3 0
Rb 3 2 1 3 1 2 3 0 0 1 1
Sr 766 854 765 900 | 1000 978 798 117 | 125 | 139 | 206
Zr 63 55 61 80 72 62 77 20 8 32 19
Y 8 10 11 16 14 12 9 9 9 20 16
Nb 9.2 10 11 15 13 12 10 0.5 0.0 11 0.6
Ga 17 15 19 25 20 17 24 14 18 17 16
Cu 12 10 9 8 8 7 11 1 112248 | 7 3
Zn 7 8 5 4 6 5 7 19 95 13 39
Pb 5 2 4 5 7 6 9 0 2 0 2
La 15 20 17 21 21 33 18 1 2 2 1
Ce 27 32 35 22 29 32 31 1 1 5 1
Th 8 9 10 14 13 11 8.5 0 2 0 0
Nd 14 13 13 16 19 18 17 3 0 4 2
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Table(3): The results of REE analysis(ICP-MS)of plagiogranite and
associated gabbro in MOC.

Sample Plagiogranite Gabbro
ICP- MS
(ppm) Al A2 Ad A2-2 | Ad- | A5- | A7-2
1 1
La 14.39 |1 11.56 | 10.11 [ 0.46 |0.45 | 1.11 [ 1.11
Ce 26.59 [ 23.25(15.21|1.45 |1.31 |3.41|2.89
Pr 291 |245 |19 025 [0.21 (0.6 |0.44
Nd 10.3518.88 |6.78 |1.47 |1.23 |3.53 |[2.32
Sm 195 |195 | 152 [0.65 [0.54 |159 |[1.01
Eu 057 |0.63 [0.45 [(0.26 |0.34 | 0.57 | 0.48
Gd 1.68 |15 1.11 [1.06 [1.03 249 |1.71
Th 024 (021 (014 |0.22 |0.22 |0.52 | 0.38
Dy 1.25 | 111 |0.88 [1.61 |1.55 |3.68 |27
Ho 024 (0.22 [0.18 |0.36 |0.37 | 0.83 | 0.63
Er 0.61 [0.6 0.5 1.06 [1.07 | 242 |1.87
m 0.09 |0.07 [0.06 (0.17 |0.16 | 0.37 | 0.29
Yb 055 (044 |04 1.06 |1 233 |19
Lu 0.09 [0.072(0.061|0.17 |0.16 | 0.37 | 0.32
Other
Elements
Ba 141 (165 |150 |18 3 6 6
Th 341 |7 11 0.12 | 0.05 [ 0.18 | 0.28
Nb 9.9 11 8 024 |03 [0.71 |0.61
Y 6.34 |52 4.7 9.19 |9.07 (209 |16.18
Hf 1.82 |322 |253 [0.63 [0.31]1.07 |[0.62
Ta 0.89 [(0.78 [0.76 |0.02 |0.02 [ 0.06 | 0.04
U 058 |0.44 [051 [(0.06 |0.22|0.12 |[0.14
Pb 2.6 2.4 2.8 0.16 |0.31 [0.39 | 0.67
Rb 2.5 2.5 2.7 1.1 (01 |06 |17
Cs 0.02 |0.04 [0.03 [0.24 |0.26 | 0.13 | 0.46
Sr 726 [ 750 (900 |[120 |[143 |141 |215
Sc 5.7 5 6 529 |62.2 [41.7 | 719
Zr 53 55 80 16 7 28 |16
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Geochemistry

Major elements:

The plagiogranites are characterized by higher SiO, (67-71 %), Na,O (5.59-
7.4 %) and CaO (1.31-3.1 %) with lower K,0 (0.19-0.512 %) content when
compared with normal granite. On using SiO, vs. K, O diagram they plot in
the field of oceanic plagiogranites (fig.5).

The plagiogranite and gabbroic rocks have low total alkali content. For the
plagiogranite the total alkali contents is (5% < Na,O + K,0 < 10%), and for
the gabbroic rocks it is between 0.15 to 1.43. They are poor in potassium
and plot in the low- K- tholeiite felid (fig.6). The molar A / CNK ratios of
plagiogranite vary between 0.85-1.0078. Thus all rocks are metaluminous
(fig.7), (Debon & Lemmet, 1999).Major elements variation of the gabbroic
rocks along with the plagiogranites is shown on Harker diagram (fig.8).
Although they are generally scattered except for (Na, Mg, Fe) they do
confirm the discrimination between two plutonic rock types. The element
on these diagrams show that Na increases with increasing SiO, content,
while elements like Mg, Fe shows negative behavior with SiO,. This is an
indication that Fe, Mg are not controlled by magmatic differentiations
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Fig.(5): Semi log plot of SiO, versus K,O (Coleman, 1977) and location of
the studied samples.
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Trace and rare earth elements:

The variations of trace elements against SiO, are shown in (fig.8). The
fractionation trends on variation diagrams of gabbroic rocks along with
plagiogranites showing that elements like Nb, Y, Th, increase with
increasing SiO, content. Elements like Zn, show negative behavior with
SiO, and the elements Ga, Cu, Ni, Cr are show scatted relation with SiO,.
Reported data from analyzed elements (Y, Nb, RDb) versus SiO,
discriminant diagrams and plots of Rb versus (Y+Nb) in (figs.9 a,b,c, and
d) show a characteristic tendency of volcanic arc granite.

Trace elements distribution patterns (fig. 10a)show that the Mawat
plagiogranite are enriched in large ion lithophile (LILE) elements Cs, Rb,
Ba, Sr, over the other incompatible elements (Nb, Zr, Hf, Y). This feature
iIs commonly apparent in volcanic arc granite that is normally characterized
by enrichment in Rb, Ba, Th, typical in calc-alkaline series Nyamai et al.
(2003).While the associated gabbro have negative anomalies Rb, Nb, Pb
and positive anomalies in U, Sr, (fig.11a). The small negative Nb
anomalies may be taken as indicator of the crust contamination of parent
magma or island arc setting (Ahmad Hassan, University of Helwan,
personal communication), and the strong positive Sr anomalies may be
attributed to hydrothermal fluid affecting the gabbroic rocks and leads to
metamorphism of lower crust mafic igneous rocks.

The REE patterns of plagiogranites (fig.9b) show steep REE patterns
enriched in La-Sm and depleted in Gd-Lu with (La/\Yb) ranging from 18.3
to 18.66.

The REE patterns and trace elements distribution patterns of gabboric rocks
are compared with the REE patterns and trace elements distribution
patterns of MORB (the compared MORB data from Workman and Hart,
2004). They show that gabbroic rocks of MOC have a MORB- like,
slightly LREE depleted pattern (fig.11b) with (La /Yb) y= 0.307-0.337),
and the trace element distribution patterns of gabbroic rocks in MOC are in
agreements with MORB trends.

12
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compared with Byneset trondhjemite(Slagstad, T.; 2003) and average

TTGs (Drummond et al. 1996).
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Fig.(11) Chondrite — normalized trace elements contents (a) and REE
patterns (b) of gabboric rocks associated with plagiogranite in MOC.The
normalized value from O'Neill and Palme (1998). The data are compared
with the N-MORB (Workman &Hart, 2004).

Petrogenesis of Trondhjemite in MOC. :

The experimental studies suggest three principal mechanisms for the
production of silica — rich magma leading to the generation of
plagiogranites in the oceanic crust |- extreme crystal fractionation
(Coleman & Petrrman, 1975, and Colleman,1977), 11- liquid immiscibility
(Dixon & Rutherford, 1979), and Il1- partial melting of basic rocks like
amphibolites under hydrous conditions (Gerlach and et.al. 1981, Pedersen
and Malpas, 1984), or of hydrated basaltic / gabbroic rocks (Payne, and
Strong 1979). Other workers (Coleman and Donato, 1979, Brown and et.
al, 1979, Sinton and Byerly, 1980) suggest that the high Na,O and low K,0
content in plagiogranite is related to direct leaching of
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K,O from the magma into the circulating sea water that gained access to
magma chamber, or to late magmatic vapor phase transport and removal of
K,O. A majority of them have attributed the origin of ophiolitic
plagiogranites to the differentiation of subalkaline tholeiitic magma
(Coleman & Donato, 1979).

(Rapp and Watson, 1995, Slagstad, 2003explaned that the trondhjemite and
TTGs have a major and trace element composition similar to rocks formed
by partial melting of mafic source leaving garnet — bearing amphibolitic or
eclogitic residue. On using the Y vs. Sr/Y diagram (fig.12) the Mawat
plagiogranite samples,plots in the field of Archean TTGs (tonalite-
trondhjemite-granodiorite) and adakites (fig 12) this field is interpreted by
Drrummond and Defant,(1990) to have formed by partial melting of mafic
source in the stability field of garnet. However the concentration in HREE
in Mawat plagiogranites less 10 times than the chondrite values and Y
content do not support the assumption that the source contained garnet.
Moreover, the spider diagrams (fig.9a) show no negative anomaly in Y
suggesting that garnet was not involved in the residual phase. The same
conclusion is noted by Nzenti and et.al, (2006) during their study on
granitoids rocks in Pan — African shear zone in Cameron. Although most
workers favor fractional crystallization of gabbroic magma as most likely
petrogenetic model for plagiogranite, some workers have proposed that
they can form by partial melting of mafic source (e.g. Gerlach et al, 1981
and Selbekk, et.al, 1998). Therefore the geochemical data of plagiogranite
associated with gabbroic rocks from MOC comparable with average
composition of Byneset trondhjemite given in Bymarka Ophiolite fragment
in Norway and average trondhjemite tonalite and granodiorites (TTGs,
Drummond et al. 1996) which are formed by (partial melting of thick pile
of mafic ocean floor/island arc related rocks stacked onto continental or
micro continental margion).

The comparison shows that the MOC plagiogranite is similar in REE
and trace element distribution patterns to Byneset trondhjemite and TTGs
(fig 9a, & b).

Also on using molar CaO / MgO+FeO vs. molar Al,O; / MgO + FeO
(Altherr, et.al, 2001) all samples of studied area plot in the field of partial
melts of metabasaltic to metamorphic source (fig.13). Therefore we suggest
that the genesis of Mawat trondhjemite rocks was partial melting of
hydrated basaltic/ gabbroic rocks.
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Geotectonic setting:

The available analytical data at the moment cannot provide an
unambiguous answer about geotectonic setting of the MOC. Analyzed
gabbro samples, which have been plotted on Nb*2-Zr/4-Y (Meshede 1986)
(Fig 14-A) and Vvs.Ti (Shervais 1982) diagrams (Fig 14-B) represent
MORB and VAB fields. The same is confirmed by chemical compositions
of REE and trace elements distribution patterns of gabbroic rocks which is
similar to the REE and trace elements pattern of MORB (figs 11a & b). The
Mawat plagiogranites have geochemical characteristic in common with
Byneset trondhjemite of Bymaka Ophiolite fragment and TTGs which is
formed by partial melting of subducted oceanic crust. These melts must
pass through the overlying mantle wedge and are likely to react with
peridotite in the mantle wedge during their ascent (Rapp et.al, 1999).
However, the relatively low Cr and Ni contents of the Mawat plagiogranite
appear to rule out significant interaction with peridotite in the mantle
wedge. The REE patterns of Mawat plagiogranite have light REE-
enrichment (fig. 9b) and similar to Byneset trondhjemite and TTGs
therefore we suggest that the Mawat plagiograniteare formed by partial
melting of mafic rocks.

500

400 + Archean TTGs

’ and adakites
300 A

StlY

200 -

100 - Typical island

(o] 10 20 30 40 50 60 70
Y

@* A1-A7

Fig.(12)Y- Sr/Y diagram showing that the Mawat plagiogranite in MOC is
similar to Archean TTGS (tonalite-trondhjemite-granitoid) and interpreted
to have formed by partial melting of mafic source (Drummond & Defant,
1990).Compositional fields after Hansen et al. (2002).
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Fig.(13) Molar Cao / (MgO+ FeO) vs. Al,O3 (Altherr et al., 2000)
for Mawat plagiogranite.
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Fig(14) Diagram for analyzed rocks A&B shoing the geotectonicsetting of
MOC. A: Nb*2-Zr/4-Y (Mseshed 1986) Al: within- plate alkali basalt, All:
witin- plate alkali basalt and within-plate tholeiites,B: E-type MORB, C:
within plate tholeiites and volcanic arc basin, D: N-type MORB and
volcanic-arc baslt B:V vs Ti (shervais1982).VAB:volcan arc basalt,
MORB: mid ocean ridge basalts, OIB:ocean island basalts

Conclusions
The plagiogranite from MOC are low — K tholeiite intrusions associated

with gabbroic rocks in close special association with sheared gabbro
between Amadine and Merawa of MOC.The data in this paper indicate that
the plagiogranite of MOC are trondhjemite type.
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REE data and their distribution pattern of plagiogranite show LREE
depletion about 10 times than(fig. 10b) the chondrite values and plot in
volcanic arc field in tectonic discrimination diagram.The data also suggest
that the Mawat plagiogranites were derived from partial melting of
hydrated basaltic / gabbroic rocks.Geochemical characteristic show the
tholeiitic magmas have a MORB and VAB affinity. Therefore,
determination of geotectonic setting cannot be done precisely.
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