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Abstract : The area studied about 20 kilometers northwest of Konya is composed of Palaeozoic­
Mesozoic metasedimentary and metaigneous rocks. The oldest formation exposed is the Silurian­
Lower Permian rocks. The lower part of this unit is mostIy of Silurian-Lower Carboniferous
metacarbonates having reefal origin. These rocks gradually pass in to Devonian-Lower Permian rocks
having continental margin, shallow water and pelagic characteristics. These are cut by different kind
of metaigneous rocks. The metatrachyandesite and metadolerite have within plate, and the
metabasaltic andesite has characteristics of continental arc lava, and the metahornblende gabbro
show MORB like charaderistics. All these rocks are covered unconformably by 7 Upper Permian­
Lower Triassic continental metadastics. The metadastics are conformably overlain by Upper
Permian"'Triassic aged shallow water metaclastic-metacarbonate intercalations. These units
conformably pass into the Triassic-Lower Cretaceous metacarbonates and continue up to the Upper
Cretaceous aged pelagic metasedimentary rocks. All these rock are overthrusted by Mesozoic.
ophiolitic rocks. The youngest rock in the area is Miocene-Plioceneaged neo-autochthonous lacustrine­
continental sediments and volcanic rocks.

Tnestratigraphical, lithological and geochemical characteristics of these rocks show presence of an
ocean, probably between Menderes-Taurus and Kirsehir block during Devonian time. The oceanic
litosphere was subducted under to Menderes-Taurus block during the Middle-Late Carboniferous, and a
magmatic arc developed on the continental shelf. Before Iate Permian-Early Triassic time, the
magmatic arc completed its evolution, and the continental shelf repeatedly collapsed and foundered
during the Mesozoic time. During the Iate Cretaceous, the oceanic litosphere subducted under the
Kirsehir block and the oceanic rocks obduded to the other rocks. Meanwhile, the region have
undergone intense and polyphase deformation, metamorphism during the Iate Cretaceous.

Keywords: Menderes-Taurus Block,Devonian ocean, magmatic arc, subduction, metamorphism, poly­
phase deformation

Menderes- Toros Bloku Kuzeydogu Kenannm Stratigrafik, Jeokimyasal ve Jeodinamik
Modeliemesi

Özet: Konya'nin 20 km kuzeybatisindaki inceleme alaninda Paleozoyik-Mesozoyik yasli
metasedimanter ve metamagmatik kayaçlar yüzeylenir. Yörenin en yasli toplulugunu Siluriyen-Alt
Permiyen yasli resifal kompleks niteligindeki metakarbonatlar, sig-denizel, kita-kenari ve pelajik
özellikti kayaçlar ile degisik bilesimli metamagmatitler olusturur. Metamagmatit1erden
metatrakiandezit ve metadoleritler levha içi, metabazaltik andezitIer magmatik yay ve
metahornblend gabrolar ise okyanus ortasi sirti bazalt (MORB)kökenlidir. Söz konusu kayaçlar 7 Üst
Permiyen-Kretase yasli diger bir metamorfik topluluk tarafindan açili uyumsuz olarak örtüiür. Bu
topluluk alttan üste dogru, karasal metaklastikler, sig-denizel metaklastik-metakarbonat
ardalanmasi, platform tipi kalin metakarbonatlar ve pelajik metasedimanter kayaçlardan
olusmustur. Tüm bu kayaçlar Mesozoyik yasli ofiyolltler tarafindan üzerlenmektedir.

Yöredeki kayaçlarin stratigrafik, litolojik ve kimyasal özellikleri, Devoniyen yasli bir okyanusun
(olasilikla Menderes-Toros ve Kirsehir Bloku arasinda) varligmi göstermektedir. Orta-Geç
Karbonifer'de bu okyanusa ait titosfer Menderes-Toros Bloku (MTB) altina dalmis ve MTB selfi
üzerinde bir magmalik yay gelismistir. Erken Triyas (?Geç Permiyen) öncesinde magmatik yay
evrimini tamamlamis ve MTB kitasal selfi tekrar parçalanmaya/çökmeye baslamistir. Kretase
esnasinda okyanusal titosfer bu kez Kirsehir Bloku altina dalmis ve okyanusal kayaçlar Menderes-
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Toros Blokunu üzerlemistir. Bu esnada yöredeki Paleozoyik-Mesozoyik yasli kayaçlar
metamorfizmaya, siddetli ve çok evreli deformasyona ugramistir.

Anahtar kelimeler: Menderes-Toros Bloku, Devoniyen Okyanusu, Magmatik yay, dalma-batma,
metamorfizma, çok evreli kivrimlanma.

INTRODUcnON

The investigation area is located in the
Central Anatolia about 20 km north of the
Konya (Fig. 1). According to the tectonic
subdivision of the Turkey, the area is a part of

Sarayönü

Figure i. Paleoteetonk map of Turkey (Sengör,
1984) and the location of the study area.
(MTB:Menderes- Taurus Bloek, KB:Kirse hir
Bloek, ITS:Inner Tauride Suture, ES:Erzincan
Suture, lAZ: Izmir-Ankara Zone, SC:Sakarya
Continent, IPS:lntra Pontide Suture).

the Anatolides (Ketini 1%6) and is situated on
the central northem margin of the Menderes­
Tauride Block (Sengör, 1985). A thick sequence
of metamorphosed sedimentary and magmatk
rocks ranging in age from early Paleozoie to
Cretaceous are exposed in the study area, and
are considered to be a part of the Afyon and
Tavsanli Zones of the Okay (1986) or the
Kütahya-Bolkardagi Zone of Özcan et aL.
(1988). Inner Tauride Suture Zone, tzmir­
Erzincan Zone, Menderes Massif and Kirsehir
Block are situated northeast, north, west and

east of the study area, respeetively. In the
region, Wiesner (1968) and Göger and Kiral
(1969) have out1ined general stratigraphy of
the region. Kaaden (1966)stated that the roeks
of the region have undergone blueschist
metamorphism due to Varisean orogeny. In the
regional studies, especially the Mesozoic
geotectonic evolution of the region was
diseussed by Sengör and Yilmaz (1981). In
addition Oktay (1982) explained detaiUy the
Late Mesozoic evolution of the southeast
Konya, and Görür et al. (1984) have shown the
existenceof an oceanic basin near the Tuz Gölü.
Özcan et aL. (1988, 1990) revealed that the
rocks in the north of Konya display different
features form the surrounding teetonie units.
They also said that the Paleozoie roeks
forming the Hereynian basement of the region
evolved in the Late Carboniferous baek-are
settings. Eren (1993a, 1993b, 19% a, 19%b and
1996e)studied the stratigraphy and struetural
features of the region and found out several
tectonostratigraphie units, named as Bozdaglar
massif. Kurt (1994, 1996, 1997a, 1997b) has
investigated in detail the geochemieal and
petrological features of the area.

The aim of this paper is to explain the
stratigraphieal, geoehemieal and
geodynamical evolution of the study area,
during the Paleozoie and Mesozoic time in the
lights of the recent and previous studies.

STRATIGRAPHY

In the study area roeks of the Bozdaglar
massH erop out and form the basement.
Bozdaglar massif strueturaUy can be divided
into three main units, from bottom to top, the
autoehthonous Upper Permian-Cretaeeous
Gökçeyurt Group, alloehthonous Mesozoic
Çayirbagi Ophiolite and alloethonous
Silurian-Cretaceous Ladik Metamorphites. The
U pper Mioeene-Quaternary continental
sediments and volcanies constitute the eover of
these basement rocks (Figs. 2 and 3).

The autoehthonous or parautocthonous
Gökçeyut Group eropping out in a half
tectonie window southwest of the area, eonsists
mainly of low-grade metamorphic roeks,



Figure 2. Geological map of the studied area. Gökçeyurt Group (Upper Perrnian-Cretaceous): l-Derbent Formation, 2-Aladag Formation, 3-Lorasdagi
Formation; Çayirbagi Ophiolite (Mesozok): 4-Karsitepe basa1t, 5-Gabbro, Ladik Metamorphites: Sizma Group (Silurian-Lower Permian),
6-Bozdag Formation, 7-Bagrikurt Formation, 7a- Ardiçli member, 7b-Bahçesaray olistolithes; Kadinham Metamagmatics (Devonian-Lower
Permian): 8-Ayyiles Metagabbro, 9-Karadag Spilite, 10-Bisiktepe Metabasite, ll-Karatepe Metabasalticandesite, 12-Taslitepe
Metatrachyandesite, 13-Çestepe; etadoletite; Ardiçli Group: 14-BahçecikFormation, 15-Ertugrul FormatiOll, 16-Bademli Formation, 17-Ceylantepe
Dolerite 18-Nuras Formation, 19-Karasivri Formation; Cover rocks (Upper Miocene-Quaternary): 20-Sedimentary, 21-Volcanic rocks.
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Figure 3. Generalized tectono-stratigraphic section of the sdudied area.

r
Lorasdagi rm.
Reciystallizcd limeslone, dolornitic
Iimestone, metaekett

&l1N~~
.. :-. :-.. Phyllite, metasandslone,mela-

, .. {) : : : : . conglomeraie,calcschis!, metacar-
-':::'=3"~:: bonale

-~ :::." Araiepcmember
- - - Tuibidile, metacarbonale

,locks

DerbenI rm.

Reciystallizcd limestone, dolomite,
quanrite,graphiteschis!,ph~lite

Kanisivri fm

Ciystallizcd limestoe,
metachert, pbyllite,
melasandalone

Nuras rm.

ReciystaIlizcd limeslone, dolomilic
limestone, mctachcn

Badcmli rm

Dolomite, dolomilic
°mestone

'<ylllltcpc dolerili

Enugrul rm
Meiacarbonale. caleschisi

phyllite, metasandslone

Bahçecik rm
Meiaconglomerate, meta­

sandstone, phyllile--- Angular unconformily
çcstcpc mciadoleriie
Tastiiepe metatiacilic iiidesiic

BagnkwtCm
Phylliie,meiasandaione, meta­
eonglomerate,meiachcn, graphiic­
schis!, melacarbonale blocks, metatuff

uaitzile

aliçesaray olistolitlie.

'ühendi.litepc mclachcn

Bisikiepc metabasite

BozdagCm.
Marble, dolomile
dolornitic lime.1one

r1g~,~..""" .-. .-. "" OJ

Oi

:§~.r../-~~U._, ,-.c i i

o o. i-" "" .-. .-. -i
NO o . :Homblendc gabbro.- i
~ 'gll y. "" "" "" ..,diaba •• : .

L~-g ","" .-..-."" ~ scrpanhnlle

>-. .o:t.

Lrit:::~-r ..". vi" ~ -..:-- •..----'- ..-------

o(
&i

f;l
?
;i::

:ii::

~
,..;i



29

The Stratigraphical, Geochemical and Geodynamical Modelling of The Northeast Margin of Menderes-Taul"WI Block

representing originally the shelf sequence. The
Group is subdivided into three formations. The
Upper PermianDerbent Formatio", consists of
dark gray-black recrystallized limestone,
marble, graphite schist, phyUite and pink­
white colored quartzite. The formation is very
fossiliferous, containing fusulinid, algae, coral,
crinoid and bivalvia. This· formation passes
gradually into the varicolored rocks of the
UpperPermian-Upper Triassic Aladag
Formation. Aladag Formation mainly consists
of purple to violet phymtes, metasandstones,
metaconglomerates, yellowish calcschists, and
yellow-gray- white colored metacarbonates. At
the middle part of the formation, olistostromal
fadesincluding metacarbonate blocks of which
mainly derived from the Derbent Formation
occur. At this leveI, rare metabasite si11scan be
observed in the formation. The Aladag
Formation consists rare fusulinid and
foraminifers, and isconformably overlain by
the Upp er Triassic-Cretaceous Lorasdagi
Formation which is the youngest unit of the
Gökçeyurt Group. The Lorasdagi Formation is
made up of platform type thick
metacarbonates. The metacarbonates vary from
timestone to dölomite. The upper part of the
formation ha ve pelagic characteristics
(GÖrmÜs,1984).

The Silurian-Cretaceous aged Ladik
Metamorphites ovedie tectonically both the
Gökçeyurt Group and Mesozoic Çayirbagi
Ophiolite. The Ladik Metamorphites includes
Silurian-Lower Permian Sizma Group,
Devonian-Lower Permian Kadinhani
Metamagmatics and ?Upper Permian­
Cretaceous Ardiçh Group. The rocks of the
Ladik Metamorphites are metamorphosed
during Alpine events. The oldest unitof the
Sizma Group is Silurian-Lower Carboniferous
Bozdag Formation which originally represents
reefal complex and occur as seperated bodies or
lenses with varying geometry. The Bozdag
Forma.tionconsists of light colored marble and
dark colored (gray-black) laminated
metadolomite and dolomitic limestone (Kurt
and Eren, 1998). Dolomite consists of wide
spread Amphipora biostromes. Some parts of
the formation are very fossiliferous and consist
of stromatoporoid, nautiloid, coral, conodont,
algae andcrinoid (Wiesner, 1968; Eren, 1993;
Kurt, 1994). This rocks pass laterally and
verticaiiy into the Devoniaii-Lower Permian
Bagrikurt Formation which is the most
widespread unit in the region. The Bagnkurt
Formation is made up of originaiiy shallow
marine, continental margin and basinal facies.

At the base, it begins with an alternating units
of calcschists, phyllites, metasandstones,
metaconglomerates and metacherts. In some
places metacherts occur at the boundary of the
Bozdag Formation and Bagrikurt Formation
alternating with the lithologies of the both. At
this transition zones, metacarbonates which
containing widespread crinoid fragments occur
as lenses. The middle part of the Bagrikurt
Formation contains the same metadastic and
metachert alternations with the metavolcanics
and metacarbonate olistolithes. The
metadastics show turbiditic features and their
coarse dastics consist mainly of metachert and
phyllite clasts derived from the formation
itself. In this part, the Bagrikurt Formation
resembles a typical wild-flysch sequence. The
upper part of the formation consists mainIy of
phyllites, metasandstones, metaconglomerates
and quartzites. The metaconglomerates are
coarse grained and dominantIy consist of
quartzite and milky quartz fragments in a
deaved matrix of greenish mud. Locally, the
upper part of the formation contains
metacarbonate, phyUite, graphiteschist and
metasandstone alternation. The metachert
horizons are 1 mm to 20 cm thick, and are
generally black in color. Theyare seperated by
thinner layers of phyllites or graphiteschists.
The metacarbonate blocks or olistolithes are
vary in origin. Some of them were derived from
the Bozdag Formation, while others unknown
origin. Theyare mainly shallow-marine
metacarbonates consisting of coral, crinoid,
nautiloid and brachiopod. Some of the blocks
have pelagic characteristics. Theyare thin
bedded and consist of black metachert
interbeds, and lengths range from Im to 3 km.
The rocks of the Sizma Group is cut. by
Devonian-Lower Permian aged Kadinhani
Metamagmatics occuring as dikes, sills and
stocks. The Kadinham Metamagmatics indude
Bayamhdag Metagabbro, Karadag Spilite,
Bisiktepe Metabasite, Çestepe Metadolerite,
Karatepe Metabasalticandesite, and Taslitepe
Metatrachyandesite. The Sizma Group and
Kadinhani Metamagmatics are overlain by the
? Upper Permian-Cretaceous Ardidi Group over
an angular unconformity. This group is a result
of a transgression from bottom to top, it contains
{ive different formations interfingering with
each others. OriginaUy continental ?Upper
Permian-Lower Triassic Bahçecik Formation is
observed at the base of Ardiçli Group. it is
composed of violet to red phyllites,
metasandstone and metaconglomerates~ The
?Upper Permian- Triassic aged Ertugrul
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Formation formed by alternating units of
phyllitee; metasandstones, calcschists and
yellow-grayand black metacarbonates follows
the Bahçecik Formation. The Bahçecik
Formation and Ertugrul Formation are
equivalent to the autochthonous Aladag
Formation both in age and in Hthology. These
rocks pass gradually into gray and black
metadolomites of Triassic-Lower Jurassic
Bademli Formation. This unit also grades
lateraiiy and vertically into the Upper
Triassic-Cretaceous Nuras Formation
(Karaman, 1986) which is made up a thick
sequence of light colored marbles,
recrystallized limestones and dolomitic
limestones. In places, metacherts can be
observed as lenses or intercalations within the
metacarbonates. The youngest formation of the
Ardiçit Group is the Upper Cretaceous
Karasivri Formation having pelagic, thin
bedded metacherts, metacarbonates, phyllites
and metasandstones. Bademli, Nuras and
Karasivri formations are equivalent to the
autochthonous Kizilören, Lorasdagi and
Midostepe formations described by Göger and
Kiral (1969), both in age and in lithology,
respectively. Upper Miocene-Quaternary
sedimentary and volcanic rocks rest on units of
the Bozdaglar massif with an angular
unconformity (Figs.2 and 3).

STRUCI1JRALGEOLOGY

The metamorphic rocks in the study area
have been subjected to at least three phases of
deformation and ductile folding (Fi , Fz, F3)by
the Alpine crustal shortening (Eren, 1996a).
These intense and polyphase Alpine
deformations overprinted and obliterated
Hercynian strudures of the Sizma group. The
first phase of folding (Fi) produced isocIinal,
recumbent folds and a penetratiye cIeavage (Si)
under high-P /low- T metamorphic conditions
caused by ophiolite obduction. The Si
penetratiye cleavage has developed axial
planar to these folds. The F2 folds are tight to
open and an Si erenulation deavage exists axial
planar to Fi folds. The Fi and Fi fold hinges are
nearly parallel and superposition of these folds
developed Type 3 fold interference pattern
(Ramsay, 1967) in mesoscopic scale. F3folds are
also open and an s:3 erenulation cleavage is
recognized axial planar to F3 folds. The F2and
F3 fold hinges are nearly orthogonal. This
geometry results in development Type 1 fold
interference pattern. Both the Fi and F3 phases
of folding also developed widespread conjugate

kink bands on Si surfaces. it is believed that t h e
massif gained its present polyphase
deformational historyand imbricated structure
by syn- and post-metamorphic movements
acting during the Late Cretaceous and onwards
respectively.

MINERAL CHEMISTRY

Common minerals in the metaigneous rocks
are albite + augite + diopsite + crossite +
riebeckite + glaucophane +winchite +
actinolite + hornblende + chlorite + biotite+
epidote+ pumpelliyite + stilpnomelane +
calcite + magnetite + quartz + sphene + sanidine
+ white mica +hematite and apatite.
Metasedimentary rocks are composed of sericite
+ albite + chlorite + chloritoid + quartz +
muscovite + epidote + actinolite + magnesium
riebeckite + magnetite + sphene and apatite.

Some minerals are given in Table 1, 2 and in
Figure 4 is showing the classification of
amphiboles.

GEOCHEMISTRY AND TECTONIC SETTING

Representative major oxides and minor
element compositions of the rocks are given in
Table 3 and rare earth element compositions of
the rocks are given in Table 4.

The psammite and quartzites in the
Bagrikurt Formation have a passiye
continental margin setting and a quartose
sedimentary provenance is deduced (Figs. 5, 6).
The REE patterns from the rocks are quite
similar to NASC and upper continental crust
REE patterns rocks (Fig. 7). These REE
characteristics are similar to cratonic
sedimentary rocks. The general similarity of
the REE patterns in the psammites and
quartzites, variable LREE enrichment, Eu
depletion and flat HREE reflect the
sedimentary province. Some of the cherts in the
Bagnkurt Formation have been deposited in a
relatively shallow water environment similar
to recent continental shelf slope environment
(Fig. 8). The pelitic rocks were originally
shales in which the main control in composition
was the sheet silicates.

Geochemical data indicate that the meta­
igneous rocks are of a sub-alkaline (tholeitic
and calc-alkaline) in character (Fig. 9).
Immobile element diseriminant diagrams show
that the metatrachyandesites and the
metadolerites have within-plate, and the
metabasaltic andesites have continental arc
characteristics but the metahomblende gabbro
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Table 1. Composition of amphiboles and pyroxenes.
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S.No 2273733734u5344344337373373272414414
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56.0055.3753.2557.~050.ts751.05·5U.ts952.5851.8951.15~2.4u~U.49

TiÜ2
.U.96O.OU0.000.021.880.150.350.180.200.240.611.37

AI203
3.133.002.132.594.115.'Jts3.251.271.292.241.652.21
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17.9018.6420.9921.2819.1322.3920.900.000.000.000.000.00
MnO

0.18. 0.250.330.180.230.200.409.528.997.628.5311.08
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Cao

3.63·2.507.111.035.001.199.6213.1813.3715.9816.8014.12
Na20

5.615.503.105.865.305.870.8622.1722.6022.1218.7019.14
K20

U.12···0.160.11·0.200.170.040.110.570.540.21U.430.37
Total

97.1396.0396.239404395.6997.579ts.l099.7599.1999.7099.3399.01
Recalculated to 23 ox '2ens for amphiboles, 6 ox {gens for pyroxene Si

7.677.967.957.767.777.567.511.991.981.881.931.90
Al4+

0.330.030.040.240.23U.44u.4tsU.UU0:01.0.000.000.00
AlT

0.530.510.370.450.701.010.56----.---
A16+

0.2000480.330.210.470.570.080.050.050.100.070.10
Ti

0.100.000.000.000.210.010.030.000.000.000.020.04
FeJ+

0.000.980.390.0l0.12U.ts90.34u.04U.O'/0.130.040.04
-M2
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Ca
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NaM
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NaT

1.581.560.901. 11.491.640.24--------
NaA

'0.000.060.10O.xl 0.310.290.11------------
K

0.00.0480.158O.)4 0.040.010.01----------
End member of the clinoi: roxene minerals as below wo

46.046.743.93ts.540.2
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38.138.444.147.841.2
Fs

15.915.012.014.018.6

*Fe3+ is calculated by estimation according to Spear and Kimball (1984) for amphibole, by
normalization according to Schumacher (1991)for pyroxene.
cr: Cros...,ite,fw: Ferro-winchite, ac: actinolite, dg: Caleian ferro glaucophane. metatrachyandesite
('227,373),metabasaltic andesite (405,272), metahornblende gabbro (344,337) and metadolerite (414).

is MORB like features (Fig. 10). The
geochemical characteristics of the
metahornblende gabbros are illustrated on N­
MORB normalized patterns (Fig. 11) which
demonstrate that the gabbros are similar to
tholeitic N-MORB but relatively enriched in
K,Th, Rb, Ba, Nh and depleted in Ce and Ti.

The metadolerites are erniehed in Rb, K, Ba,
Th, Ce, P and Nb and depleted in Ti and Y
relative to MORB, being calc-alkaline as
indicated by enrichment in K, Rb, Ba, Nh, Ce, P,
Zr, and Ti compared with the tholeitic
metahornblende gabbros as seen on MORB
-normalized patterns (Fig. 11). The
metatrachyandesite and metabasaltic andesite
have closely corresponding REEpatterns and N­
MORB normalized profiles, strongly suggesting
asimilar origin (Figs. 11, 12) but the two rocks
are not related via crystal fractionation as this
conflicts with the REE pattern of the
metabasaltic andesite. The metahornblende

gabbros have flat REE patterns and
compositional data suggesting derivation from
sourcesimilar to a mid ocean ridge type parent
(Fig. 12).

PElROGENESIS AND METAMORPHISM

The metavolcanics show similarities in
chemical composition and tectonic setting, and
probably related a subduction zone. They were
derived from very similar enriched continental
source regions and their incompatible element
contents do not imply significant differences in
melting as both types show marked emiehment
in most incompatible elements (LILE, LREE)
compared to N-MORB (Fig. 11). Thus, they
form a genetical1y related comagmatic suite.
The geochemistry as a whole indicates that the
metavolcanics may have been derived from a
subcontinental lithospheric source enriched in
LlL and HFS eleinents. However the
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Table 2. Composition of pumpellyite and stilpnomelane.
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21.390.00,

0.73 0.11,NaO
0.000.00,"

0.43 10.86

K20

0.00' 0.01,1.09" 0.68

TOTAL
93.86"

91.64 89.27100.8

Recalculated to 51 for pumpellyites, 8 for stilpnomelane,12 for chloritoids 32 oxy~en for plas iSi
12.312.022.8511.8

Ti
0.050.000.010.00

Al
9.493.910.414.12

Fe
2.861.791.260.06

Mn
,

0.09 0.010.030.00

Mg
1.160.350.450.10

Ca
7.820.000.040.02

Na
0.000.000.043.64

K
0.000.000.090.15

Total
33.738.085.0719.89

Total Fe as FeO*

mineral types of 1 (pumpellyite), 2 (stilpnomelane), 3 (chloritoide) and 4 (Plagioclase).
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Figure 4. Classifkation of,amphiboles (after Leake, 1978).
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Table 3. The average of major oxides and trace elements of each of the rock types.

Sa.No 123456789 10

Si02

57.453.95252.155.356.1993.3182.0093.0865.2

Ti02

0.10.71.31.40.510.710.200.380.07.0.81

Al203

15.015.414.615.613.514.551.916.601.3816.8

FeO

3.34.87.07.13.62.040.720.840.263.4

Fe203

3.615.4 5.12.55.43.160.962.822.004.0
. MnO

0.10.2o.i0.10.160.090.050.070.020.79

MgO

4.34.05.56.54.11.860.200.630.371.59

CaO

4.45.26.75.16.64.230.701.100.300.22

Na20

2.63.23.1i.91.90.370.601.000.281.05

KiO

5.12.51.12.41.39.010.701.420.293.04

P205

0:60.30.20.20.20.550.020.050.040.11

C02

0.20.40.40.40.50.000.000.600.070.55

H20

2.62.82.42.736.041.492.060.32

TOTAL

99.799.098.798.898.398.6198.9598.9098.4898.1

Cr

2008810333723016581145100146

CO

20223142291459421

Ni

361318856922618872

Gl

4094224011776314531

zn

74120929067301639685

Ga

19161518141728120

Rb

185511430262599761605

Sr

60019321919830825614522976

Y

1920362126221215830

Zr

25612110511110724315516931189

Ba

2156973147234162265964289285423

La

27125514751418330

Ce

11bdl13215821311355

pb

311444616 912138

U

53593.715O9O22O

Nh

159712

Th

1251229.83355567112

Major oxides are in wt %, and trace elements are in ppm, bdl is below the dedection limiL.
i. metatrachyandesite, 2. metabasaItic andesite, 3. metahornblende gabbro, 4. metadolerite,
5. metabasites, 6. high-K metatrachyandesite, 7. quartzites, 8.psammites, 9. 'metacherts,
10. metapelites.
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Table 4. Rare earth element data for the metacherts, psammite (160) and quartzite (67).

Sam.
44848244945043547816067227a323277408337344417414

No
La

. 15.423.77.87.511.614.37.416.853.152.080.636.12.94.518.211.9

ce ...
16;3·15.45.84.57.710.033.031.8116.3134.5159.685.07.811.839.627.2

Pr ..

12.814.05.45.26.411.52.04.113.915.717.39.41.31.84.813.3

Nd

9.99.84.35.04.88.86.914.352.557.063.037.26.39.019.113.7
... Sn'

9.59.20.83.62.55.91.42.89.49.811.97.82.03.34.13.3

Eu

.6.97.73.10.31.62.70.20.52.02.83.02.50.83.21.51.3

Gd ....
.1.01.60.40.41.50.51.22.17.17.69.46.82.63.94.03.7

Tb ....

5.43.61.31.91.12.30.20.20.80.91.10.90.50.60.60.6

Dy

2.82.10.60.80.91.21.00.84.44.45.74.43.04.33.33.3

Ho

3.73.23.60.90.81.50.20.10.70.70.90.70.60.80.60.6

Er

3.22.90.70.70.91.20.60.31.91.92.52.01.82.51.41.6

lin

4.03.70.90.61.41.30.10.50.30.20.30.30.30.30.20.2

Yb

4.64.10.90.71.01.40.60.31.61.62.11.71.72.21.11.4

Lu

5.04.30.90.31.11.60.10.10.20.20.30.20.30.30.10.2

Metatraehyandesite (227a, 323), metabasaltic andesite (277, 408), metahornblende gabbro (337, 344),
metadolerite (417, 414), quartzites (67), psammites (160) and metaeherts (448, 482, 449, 450, 435, 478).

REE are in ppb.
Eaeh number of the grid referenees of its position
448: 22125 - 24500 227: 33025-32200
482: 27125 - 26625 337:37125-28575
449: 26875- 25275 323:33050-32300
450: 28500-27375 344:40250-27750
435: 30750- 39100 277:33025-32250
478: 29500-32000 417:39750-22125
160: 33750- 31825 408:40550-17450
67: 22625-33375 414:38650-22500
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Figure 5. PIot of diseriminant functions Fl and
F2 (Bhatia, 1983) showing the position of
psammites and quartzite.

Figure 6. Plot of diseriminant function F1 and F2
(Roser and Korsch, 1988) showing the
provenanee of psammites and quartzite.


