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Abstract

in this study, it was attempted to determine the petrochcmistry and parent rock characteristics ofthe
Gumusgler amphibolites, associatcd with marble and quartzite, from the Nigde metamorpliics by using tlicir
whole-rock chemical analyses. Amphibolites are associated with a series of Pre-Cretaceous supracmstal
metasedinents ofthe Gilimiigler Formation. Massive and variably foliated amphibolites are made up mainly
by plagioclase, hornblende, quartz, diopsite withh accessory sphene and apatite. Based on trace element
characteristics, the amphibolites are suggested to be metaigneous roeks; tuffor less likely basaltic-andesitic
lava/sili, which were emplaced between metasediinents. Their parent roeks are subalkalinc basalt and
andesite in cnmposition, and are characterisedby high K,O, Rb, Sr, Ba, K/Rb (-270-550) ratin, and lowMgO,
Ti,Y, Zr, CaO/Al O, ratio. Pctrocheniical dataalso suggcstthat the parent roeks of theseorthoainphibolites
were possiblyfonuedbyfractionalcrystallization ofolivine, clinopyroxene and hornblende
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Bu calismada, tim kayag¢ kimyasal analizleri kullanilarak Nigde metamorfitlerine ait mermer ve
kuvarsitlerle iligkili Giimiisler amfibolitierinin petrokimyas: ve koken kayac ozellikleri ortaya konulmustur.
Amfiholitler, Kretase dncesiyasl Giimiisler Formasyonunun metasedimentleri ile birlikte bulunmaktadir.
Masif ve oldukca yapraklanmis amfibolitler plajiyoklas, hornbiend, kuvars, diyopsii ile tali olarak sfén ve
apaiitten olusmaktadwr. Niggli egilimleri ve iz element karakteristiklerine dayanarak amfibolitlerin
metasedimefitlerin arasinda yer alan mctaniagmatik kayaclar (titfi/eya daha az ihtimalle buzaliik undezitik
sil/lav) oldugu soylenebilir. Amfibolitlerin koken kayaclarinin bilesimi suhalkali bazalt ve andezit olup,
viiksek KO, Rb, Sr, Ba, K/Rb (-270-550) orani, ve diisiik MgO, Ti, Y, Zr, CaO/AlO, oram ile karakterize
olmaktadwr. Petrokimyasal veriler ayrica, bu ortoamfibolitlerin kéken kayaclarinin muhtemelen olivin,
klinopiroksen ve hornbiend kristal ayrimlagsmasi ile olustugunu ortaya koymaktadir.

Anahtar Kelimeler: Amfibolii, Giimiisler Formasyonu, Metamorfizmce, Nigde Masifi, Petrokimya
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INTRODUCT10ON

in common usage, the terin amphibolite is
appliced to inetamoiphosed basit; rocks and other
hornblende-andesine rocks in the amphibolite facies
(Bowes. 1989). The amphiboliles studied are found E-SE
of Glimiigler town in the Nigde Massif, southern edge of
Central Anatolian Crystailine Complex (CACC;
Gonciliogluetal.,1991).

The "Nigde Massif was subjected to various
studies: Blumenthal (1941, 1956) suggested that the
Nigde Complex was made up of metamorphised
Paleozoic units. The petrology and stratigraphy of tlie
Nigde Massif have been described by Gonciioglu (1977,
1981a, 1981b, 1982, 1986). who classified metamoiphic
units as Nigde Group. Akiman et at. (1993) studied.
geocheniistry of the Uc kapili granite, which is
peraluminous and ranges from monzonite to syenitic
granite in composition. Demir and Isler (1993) studied
the origin and the geochemistry of the amphibolites at
southwestern part of the Nigde Massif, and interpreted
them mostly as igneous in origin. Whitney and Dilek
(1997, 1998) investigated petrology and mineral
chemistry of the gneisses. They point out that the Nigdc
metasedi.mentary protoliths were buried to 16-20 km (5-6
kb) depth at >700 °C temperafure in relation with elosure
of Tethyan seaways in EarlyCenozoic.Floydetal,(2000)
suggest that the concordant amphiboliles of the
Kaleboynu formatjon reflect an early ensialic stage ofthe
Tauridc-AnatolideCarbonate Platform.

in western part of the CACC (Kirsehir),
geochemistry and origin ofthe amphibolites \vere studied
by Erkan (1980). He suggested a sedimenlary origin
considering field obscrvations, though geochemical data
indicates an igneous one. Bascd on geochemical data and
preserved volcanic (flow) textures, an igneous origin for
amphibolites is suggested by Kocak (1993, 2002) and
Kogak and Leake (1994) at southwestern part of CACC
(Ortakoy, Aksaray).

The metamorphic sequence in the Nigde Massif
starts with sillimanite-biotite-muscovite gneiss, biotite-
gneiss with interkiyered calc-silicate, aniphibolite,
quartzite and marble (Giimiisler Formation); continues
with thinly bedded metaelastic, metabasic and
nietacarbonate schisL (Kaleboynu Formation); and ends
with monomineralic calcite marble with interlayered
quartzite and amphibolite (Asigedigi Formation;
Goncuioglu, 1981a, 1982, 19.86). They are cut by
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Sineksi?.yayla inetagabbro and aplitic, mieropcgmatitic
and pegmatitle dykes of Uckapih granadiorite, whicli are
associaled genetically to Sb-ITg-W deposits (Akgay et al.,
1995). Ali these rocks are overlain unconformably by
Pliocene aged tuffs (isler and Biiyiikgedik, 1994).

The amphibolites studied are of Glimiisler
Formation, which eropped out in E-SE of Giimiigler
town, Nigde (Figlire ]). This study aims to outline
petrochemistry and parent rock characteristics of
amphibolites from Glimiigler formation within the Nigde
Massif

FIELD AND PETROGPHICALFEATURKS

OFAMPHIBOLITES Amphibolitesstudiedareobservedassmall

lenses or thin layers with thickness up to 30 cm between
gneisses and marble, or as discontinous pods aligned
paralel to the NE-SW regional strike ofthe host rocks.
The amphiboliles have generally a sharp contact with
their wall rocks. The gross fabric displayed by the
amphibolites governed mainly by the degree of
deformation superimposed on bodies of variable size,
and shows gradation from highly foliated and banded to
massive, together witl a corresponding variation in grain
size. They often show migmatitisation with hornblende
rich selvages, and quartz and feldspars rich ncosome.

Pctrographically, amphibolites are fine to
mediumgrained and made up of plagioclase, hornblende,
quartz, diopside and accessory sphene and apatite in a
nematoblastic texture. The plagioclase (0.3-0.6 mm)
forms up to 70 % by volume of the rocks. it contains
abundant epidote and quartz inclusjons, and displays
common albite twinning and. rare zoning. Hipidioblastic
hornblende {0.04-1,3 mm) is 20 to 25 volume percent in
the rocks. 1l has inelusions of epidote and quartz. and
rimmed by actinolite. Diopside (0.08 mm) also occurs in
the hornblende, possibly as a relict igneous mineral. The
hornblende sho\vs strong pleochroism in shades ofbrown
colour. The grains often show crystallographic prefen'ed
orientation, and altered to chlorite along thcir cleavage
planes. Quartz (up to 20 volume percent) has undulating
extinetion onandsome deformationlamellea. Sphenesvary
in length 0.05-0.09 mm, and are characterised by rhombic
shapc. Retrograde metamorphism is marked by
development of small equant grained aetinolite crystalls
around large porphyroblastic or poikiloblastic
hornblende, and ofchlorite after homblendes.
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Figure: Locationand geol ogicalmap of the investigation area (modified after Gonclioglu, 1982).
8eldl 1: tncelemedaiinim yer bulduiu vejeolojiharilasi (Gonclioglu, 19X2'den).




PETROCHEMISTRY OF AMPHIBOLITES

Major and trace element analysis of tine studied
amphibolites was carried out at ACME Laboratories
(Canada) by ICP-MS method, and the results of the
analysis with calculated Niggli parameters are presented
inTable 1.

An igneous origin is favoured for the
amphibolites as they were clearly plotted in ortho-
amphibalite field in discrimination diagrams of TiO,
versus Ni (Figure 2a) andNi aganist Zr/TiO, (Figure 2b;
Winchester ctal., 1980; Winchester and Max,1982).

Some degree of selective element mobility is to
be expected especialy for K, Na and the large-ion
litophile elements (LTLE; Cs, Rb, Ba) (e.g. Humphrisand
Thompson, 1978; Thompson. 1991) under medium-high
grade metamorphism involving hydrous fluids. Thus,
only immobile elemgjits such as the high-field-strength
elements(HFSE: Ti, Zr, Y), Th and REE were used in the
following discussions to identify themagmatic affinity of
the basaltic-andesitic protoliths. Good linear coherence
between pairs of immobile incompatible elements and
smooth normalized patterns of a sequence of
incompatible elements have suggested that these
elements indicate pre-metamovphic igneous
compositional variations. Relative to Zr the data scatter
produced by Ba (Fig. 3a) reflects the general mobility of
the latter during metamorphism, whereas La (Fig. 3b) is
immobile and produces a reasonable linear relationship
expected for an igneous evolution.

The amphibolite samples arc characterised by
high K,O. Rb, Sr and Ba contents and K/Rb (-270-550)
ratio, and low MgO, Ti, Y and Zr contents and
CaO/AKQj ratio. They are di quartz normative and plot
mostly in the fidds of sub-akaline basalt and andesite,
while a few sample in the field of rhyodacite/dacite in a
classification scheme of Winchester and Floyd (1977,
Figure4).

Zr is immobile in most metamorphic conditions
and assumed a good indicator of fractionation degree in
basaltic rocks (e.g. Floyd and Winchester, 1975; Pearce
and Cann, 1973; Weaver and Tamcy 1981). Crystd

KOCAK, ARSLAN, KURT, BAS, NOYEN

fractionation for the parent rock of amphibolites is
therefore suggested by existence of a positive correlation
of Zrwith SiO,, A1,0; Na,O, K,0, Th, Ba, Rb, La; and
a negative correlation with Fe;Ost,, CaO, MgO, P205,
Ni, Co (Figure5),

N-type MORB normalized trace element
patterns for the Giimusler amphibolite samples are shown
in Figure 6, together with Kaleboynu metabasilc sample
of Floyd ct a. (2000). The amphibolite samples show
coiicraiioy with each other, eonTinning crystal -
fractionation process. They show substantial enrichment
of LILE, as much as 100 times to N-type MORB, and
depletion of Zr, Y, and Ti. The samples are dightly
enriched in REE (Laand Ce). They have almost similar
REE (La, Ce) contents to N-type MORB. in comparison
with K_aeboynu metabasite sample of Floyd et a. (2000),
the amphibolite samples studied display a dight to
moderate enrichment in LILB and depletion in HFSE,
respectively.

100 _

Y

Sample/N-type MORB

01— S

Ssr K Rb Ba Th Ce P 2Zr Y Ti

Figure 6. Mid-ocean ridge basalt normalized spider
diagramfor the Gwirtiijler amphibolite samples. Normalizing
values are from Sun and McDonough (1989). Diamond
representsKal eboynu metabasite of Floyd et al. (2000).

$ekil 6. Giimiider amfibolit orneklerinm okyanus
ortas sirti bazaltina oranlanmis iz element degiijim diyagrami.
Normalize ctcgerler Sun ve McDongh (1989)'dan ammi”ur.
HI mas, Floyd vc dig. (2000)' in Kaleboynu metabazilim temsil
ctmcktedir.
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Table I Major (wi, %} and trace element (ppm) analysis and Niggli parameters of the Gitmiisler amphibolite samples
(Samples 6-8 from Kwrtetal., 1999).

Cizelge 1: Giimiigler sm fibolit dmeklerinin ana (% agirhk) ve iz clement (ppm) analizleri ve Nigali parametreleri (Ornekler
6-8 Kurtve dig., 1999'dan alinnugtir).

Fezojt 15 10'.31 i

2mple | o3 o2 | 930 | o3a | vis | var | o1 6 | 7 8
Si0- 6339 51.99| 5735| 5801 59.14 | 38.01| 4982 47.23| 488l
TiO> 063 063 0359 069 065 0.64| 037 033] 032]
ALO; 1821 1563 16.65f 1793 | | 1844 | 17.54| 1151 16.31| 15.24
Fest 388] 673 631 674 | 621] 516] 7.72} 10.24| 1043
MnO 006! o0i1s| 014| o010 L0139 034 023 022] 020
MgO 119|352 397 217 | 03] 247| 1131 915| 942
Ca0 641| 1841| 942| 7.33 S5 06| 1404 12,92 1351 !
Na:0 374 111 301| 355 365 436| 283 062 134]  0.84
KO .17 0.52 105 133| 254 2.53 .26 (.35 .25 0.25
{ P2Os 015] 05| 613 013 014| 014 043  0.14] 0.14] 0.12]
LoI 112 1650 1.85| 234| 097| 096| 1.73] 19 | 1.42]
| Total 99.95| 100.53 | 10047 | 100.32! 100.43 | 100.30 | 100.51| 99, 100.56 |
Zr 148 | 63| 13 142§ 153 117 120 10
Y 4] 19 17 16 16 19 19 24
Sr 315) 1527 318 329 294 | 353 350 72 99 26
8] 1 - 8 9 s SR - 1 5 7
Rb 30| 16 25 24 64 | 79 | 25 13 9| 6
Th 9 5 6 13 71 7 7 - !
Pb 16 6 27 10 i6 ! 4 5| 6 13
Ga 16 24 24 8 20 18 22 8 12 13|
Zn 35 54 86 43 50 4s 40 44 60 0!
Cu 2 20 - - - 5 [ 19 74 18
INi 2 gl 45 6! 6 8 6) 11 28 61|
Co 9 18 16 16| 17 14 17/ 39 44 50
Cr 56 103 541 105 | 37 134 220 925 671 129
Ce 15 19 22 23 18 18| 21 - -
Ba 3210 143 310|209 359 330 250| 362| 225 289
La 'i 16 8 12| ol 14 10 12 - - -
——— == — '."'I." = - - -3~ g —
'z"“J“‘p' 438 912 930 934 918 941 v12 6 ] 7 s |
ST 23797 12416 | 167.43 186.54 189.69 | 196.43 176.41 10855 102,12 | 10534
al 4002 | 2199 | 2864 | 3397 3394| 3609 | 3043 | 1491 | 2078 1933
Jin 1783 25401 3148 26.98 2481 19.75 23.36 S50.16 46.32 47.50
< 25.68 4964 24940 25.25 2479 25.09 34.53 33.23 29.90 31.22
alk 16.37 336 10.47 1379 16.46 ; 1208 10,67 1.70 3.00 1.95 |
k 0.17 0.24 018 0.19 0.31 0.28 0.21 0,25 0091 014
mg 037 oso| o054 o038 042 | 019 047 0.73 0.63 0.63
p ras| e8| o3| o093 099 127 147| o06s| 064|065
[ gz 7155 | 1071 ] 2554 | 3136 | 2586 | 2013 | 3373 2 9.89 2.46
Ln' 0.23 015 | 016 0.17 0.18 0.1 016 010 0.0% L 0.09

.mn as Fe,0;. LOI is loss on 1gnition.




a)
71000 pe-re
100 | s Sedimenta-r!“‘,' E
E | "7 @ igneous
il
I S

ik .

0,00 1 3,00

0 2
A ropw =

KOCAK, ARSLAN. KURT. BAS. DOYEN

b)
R T

100

P10

| e : Sedimentary

P21

N :

| gheous

oot

' ® !
oo 0 .

& & |
0,001 ....... B T Ty ) S e ek s s malnm—— bsseiea i
0 50 Ni ppn'? 00 180 200

Figure 2: Discrimination diagrams used 1o denote the pavent rocks of the Gimiigler amphibolires, a) TIO2-Ni and b) Ni-

Zr/TiO2 plots to distinguish between para- and ortho-amphibolites (Winchester et al., 1980, Winchester and Max, 1982).

Sckil 2: Gumigsler amfibolitlerinin koken kayaglarini gdstermek igin kullamlan avirtman diyagramlar. Para- ve

a)

ortoamfibolitleri ayumalk icin a) TIO2-Nive b) Ni - Zr/TiO2 diyagramlan (Winchester ve dig., 1980: Winchester ve Max, 1982),
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Figure 3: Zr versus Ba () and La (b) plots showing LILE mobility and HFSE immobility in the studied amphibolites.

Sekil 3: Incelenen amfibolitlerde biiviik iyon yarnicapl element (LILE) hareketliligini ve HFSE hareketsizliini gosteren

Zr'akarsi Ba (a) ve La (b) diyagramlari.
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Figure 4: Parent rock nomenclature diagram for the Giimiigler amphibolites (Winchester and Floyd, 1977),
Sekil4: Giimiisler amfibelitierinin kéken kayacianmn adlandirma divagram ( Winchester ve Floyd, 1977),
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Figure 5. Major and trace element variation diagram of the Giimiisler amphibolites.

Sekil 5. Giimiisler amfibolitlerinin ana ve iz clement degigim diyagramlan.




DISCUSSION AND CONCLUSIONS

The metaigneous rocks studied were
metamorphosed to greenschist Tades as evidenced by
existence of epidotc inclusions in the hornblende before
amphibolite facies producing typical assemblage of
homblendcH-plagioclase. The rocks were then
retrograded to the greenschist facies marked by small
equant grains of actinolite crystals around large
porphyroblastic or poikiioblastic hornblende, and of
chlorite after mafics. Whitney and Mek (1998)
suggested that Barrovian metamorphism occurred at
mid-crustal pressures of 5-6kbarbutathigh temperatures
(>700°C), followed by low-P (34 kbar)modcratc-T (550-
650 °C) metamorphism associated with magniatism
(intrusion of the WUckapih granite). Accordingly, the
hornblende+plagioclase paragenesis within the
amphibolites studied may represent moderate-
temperature metamorphism.

Petrochemical data obtained indicate that
amphibolites are of igneous in origin with their parent
rock composition ranging from subalkaline basdtic to
andesitic. Similarly most amphibolites at southwestern
part of the Nigde Massif were suggested to have ignous
origin (Demir and [gler, 1993).

Crystd (ractionation for the parent rocks is
strongly suggested by binary diagrams of Zr with some
major and trace elements, and "N-type MORB normalized
trace element diagram. The increase in Zr/Y with
increasing SIO2 indicates removal of a mineral phase
capable of fractionating Y from Zr. This can- be
hornblende or garnet, and to a lesser extent
clinopyroxene. CaO/A~Og and the trace elements Ni
and Cr decrease with increasing degree of differentiation,
suggesting that oliv.ine and clinopyroxene were among
the fractionating mineral phases. Existence of negative
correlation between MgO and Sr (not shown), the only
mineral enter into the plagioclases, indicates that the
plagioclases are possibly retained in the melt,

Floyd et al. (2000) indicate that Kaleboynu
metabasites are mostly akalic basalts in composition on
the basis of stable Nb/Y ratios (Winchester and Hoyd,
1977), and can be directly compared with OIB from the
AnkaraMelange. However, the amphibolites studied are
plotted within fields of sub-alkaline basalt (Figure 4) and
fholeiitic on a diagram of Zr-P,O5 (Floyd and
Winchester, 1975, not shown). They al'so ploimostiy next
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to within plate basdlt field on that of Zr/Y-Zr (Figure 7).
Therefore it has been suggested that parent rocks of the
amphibolite studied with tholeiitic composition may
have been formed in a within plate basalt setting. The
conformable relationships of many thin Kaleboynu
formation amphibolites with the surrounding marbles
aso indicate that they were probably intrusive sheets
and/or basic lavas and/or volcaniclastic accumulationsin
shallowriftedbasins (Floyd etal., 2000).

In conclusion, protohths of the Giimiidcr
amphibolites studied are interpreted to be of volcanic in
origin with mostly tholdiitic basdltic to andesitic in
composition, and their parent rocks have undergone
fractional crystallisation o” olivine, garnet clinopyroxene
and hornblende before emplacement between
metasediments, and formed possibly in a shalow rifted

LA,
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Figure 7: Zr againstZrfYtectonic discrimination plot
(Pearce and Worry, 1979) for theparent rock of the Gumihli-r
amphibolites.

8eldl 7: GiimiMer amflbalitlerinin koken kayaglan
icin Zrakar$i Zr/Y teknotiik orlaro ayjrtmiin diyagrami (Pearce
veNory, liffiJ).

GENISLETILMI$OZET

e Bu cadisma ile Nigde masifiade yer dan
Gumiider formasyonu amflbolitlerinin pctrokimyasal ve
ana kayac dzclliklerinin ortaya cikanlmasi
amaclanmistir.

Ineelenen amfibolulcr calisma alamnda, cevre
kayaclann KD-GB bolgcsel dogmltusuna paralel



GUMUSLER FORMASYONUKDAKi AMFIBOLITLERINI PETROKIMYASI VE KOXKN KAYA OZELLIKLERI, NiIGDE METAMORMLERi. ORTAANADOLU

dizilmis kii¢iik mercek veya 30 cm kalinhiga ulasabilen
ince tabakalar geklinde yer alnmmaktadir. Genellikle cevre
kayaclar ile keskin bir dokunaga sahiptir.
Migmatitlejme sonucunda honiblendee zengin
melanozom, kuvars ve feldispatca zengin neozomlar
gelisebilmekledir.

Petrografik olarak nematoblastik dokuya sahip
olan amfibolitler, albit ikizlenmenm yaygin olarak
izlenebildigi plajiyoklaz (0.3-0.6 mm}, kahverengi renkli
hornblend(0.04-1.3 mm), dalgali sonmeli kuvars,
diyopsit(0.08 mm) ve tali olarak sfen (0.05-0.09 mm) ve
apatitten olusmaktadir.

Niggli egilimleri vc iz clement
karakteristiklerine dayanarak amfibolitlerin
metasedimentlerin arasinda yer alan metamagmatrk
kayaclar (tiif veya daha az ihtimalle bazaltik-andezitik
sil/lav) oldugu soOyfenebilir. Amfibolitler koken
kayaelarinm bilegftni yanalkali bazalt ve andezit olup,
yiiksek K,O, Rb, Sr, Da, K/Rb (-270-550) oram, ve
diisik MgO. Ti, Y, Zr, CaO/Ai’O" oram ile karakterize
olmaktadir. Amfibolitlerdeki Zr 'un SiO,,A1,0,, Na,O,
K,O, Th, Ba, Rb. La ile pozitif korelasyonu; ve FeOt,
CaO, MgO, P205, Ni, Co ile negatif korelasyonu
amfibolitlerin kdken kayacmin muhtemelen oiivin,
klinopiroksen vc bornblend kristal aynrola§masi ile
olu™Uigunu ortaya koymaktadir., Floyd ve dig.. (2000)'in
amfibolit droegine gore incelenen am fibolitlerbafif nadir
toprak elementlerince zayif-orta zcnginlc"me, vc
kalicihgi yiiksek elementlerce ise fakirle"me
gostermektedirler. Ornekler Zr/Y-Zr (Pearce and Norry,
1979) diyagrammda ise levha ici bazalt alanma yakin
olarak yer alniaktadir,
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