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Abstract

The Kurancali metagabbro occurs as an isolated body in the central part of the Central Anatolian
Crystalline Complex. It has been emplaced along a steep S-vergent thrust-plane onto the uppermost
units of the Central Anatolian Metamorphics. The main body of the Kurancali metagabbro is char-
acterized by distinct compositional layering. The layered gabbros comprise pyroxene and horn-
blende gabbros. Phlogopite-rich, plagioclase-hornblende gabbro occurs mainly as pegmatitic dikes
intruding the layered gabbro sequence. The layered gabbros. in general, consist mainly of diopsidic
augites, brown homblendes, and plagioclase. Secondary phases are phlogopitic mica, brownish-
green homblende replacing clinopyroxenes, and fibrous, greenish actinolitic hornblende partially or
completely replacing brown homblende. The primary dark micas are phlogopitic in the range of
phlogopite ;- o and annitey, ... The analyzed pyroxenes are diopsidic (Eny,Fs  Wo,,-
Eng Fs . Woq).

The whole-rock geochemistry of the gabbros indicates the presence of two distinet gronps of
rocks; a less pronounced group of phlogopite gabbro with island-are cale-alkaline affinities. and a
dominating layered gabbro sequence with island-arc tholeiite characteristics. They are extremely
enriched in LILE, indicative of alkaline metasomatism in the source region, and display geochemi-
cal features of transitional backarc-basin basalts (BABB)/island-arc basalts (IAB)—and [AB-type
oceanic crust. Based on their geochemical similarities to modern island-are basements, we suggest
that the Kurancali metagabbro may represent the basement of an initial island arc, generated in a

supra-subduction zone setting within the [zmir-Ankara branch of Neotethys.

Introduction

A PROMINENT ASSEMBLAGE of magmatic and meta-
morphic rocks that erops out in Central Anatolia
(Fig. 1) is the Central Anatolian Crystalline Com-
plex (CACC)—the topic of numerous studies (e.g.,
Gonciioglu et al., 1991, 1992, 1993, 1998: Génciio-
glu and Tiireli, 1993, Yaliniz et al., 1996). Accord-
ing to these authors, the CACC comprises the
Central Anatolian Metamorphics, the Central Ana-
tolian Ophiolites (CAQ) that are thrust over the
metamorphics, and the Central Anatolian Grani-
toids that intrude both units (Fig. 1C).

In the CACC, despite the more or less ordered
ophiolitic bodies with preserved magmatic pseudo-
stratigraphy, many massive and layered gabbroic
rocks occur as isolated outcrops (Yaliniz and
Génciioglu, 1998). Except for a few outcrops of gab-
broie rocks that have been interpreted as intrusive
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assemblages within the CACC continental crust
(Yilmaz-Sahin and Boztug, 1997; Kadioglu et al.,
1998), most of these mafic rocks have been
accepled as dismembered parts of an allochthonous
ophiolitic assemblage (Géneiioglu et al., 1992;
Yaliniz et al.. 1996; Yaliniz and Gonciioglu, 1998;
Floyd et al., 2000), derived from the northerly Izmir-
Ankara branch of the Alpine Neotethys. An overall
supra-subduction zone genesis has been accepted
for the CAO. However, remarkable differences in
the geochemical characteristics of different isolated
outcrops suggest differences in source areas and
tectonic settings within the intra-oceanic subduc-
tion zone.

In this study, an isolated gabbro exposure around
Kurancali (Kaman-Kirsehir) will be discussed. The
characteristic feature of the Kurancali metagabbro
is the presence of dark phlogopitic mica. In this
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respect, the Kurancali metagabbro differs from other
mafic and ultramafic rocks of the CAO.

The occurrence of phlogopite in mafic and ultra-
mafic rocks has been the subject of copious studies
(Hawkesworth and Norry, 1983; Arculus, 1994, and
references therein). These studies were focused
mainly on phlogopite-bearing xenoliths in volcanic
rocks. It has been shown that metasomatism by
either silica-rich fluids or hydrous melts, derived
from the subducting slab and/or the hanging-wall
mantle, were responsible for the crystallization of
phlogopite. Thus, the role of a “subduction compo-
nent” has been widely accepted. However, the
occurrence of phlogopite is reported not only in arc-
related settings, including forearcs, arc basements,
and backares, but also in intra-continental potassic
magmatic rocks. Therefore, we studied the whole-
rock and mineral chemistry of these phlogopite-
bearing gabbros and compared their overall
geochemical characteristics with rocks from better-
constrained tectonic settings—mainly with those in
the CACC—to decipher their tectonic setting during
the closure of the Izmir-Ankara seaway.

Geology

The Kurancali metagabbro occurs as a tectonic
sliver to the east of Kaman (Kirsehir) in central Ana-
tolia. It tectonically overlies the uppermost unit of
the Central Anatolian Metamorphics along a steep,
E-W—trending, shear zone (Fig. 2). The underlying
metamorphic complex is a metamorphic olis-
tostrome with blocks of ophiolitic rocks and meta-
carbonates. In the study area, the metamorphic
olistostrome is dominated by irregular bands and
lenses of calc-silicate amphibolite, calc-silicate
marble, cherty marble, amphibolite, and metaser-
pentinite within a matrix dominated by cale-sili-
cate-biotite gneiss and amphibole-biotite gneiss.
The amount of cale-silicate rock diminishes,
whereas the amphibole-biotite gneiss increases
away from the underlying metacarbonate contact.
The intervening shear zone, between the Kurancali
metagabbro and the metamorphic ophiolite-bearing
olistostrome, is characterized by the presence of
highly sheared boudins of metagabbro, amphibolite,
and metaserpentinite boudins.

Dikes of the Kurancali Granitoid, made up of
alkali-feldspar granite, quartz syenite, and alkali-
feldspar syenite, cut tectonic slices of the Kurancali
metagabbro, the metamorphic ophiolite-bearing
olistostrome, and the shear zone in an approximately
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NW-SE direction. The dikes exhibit sharp contacts
with the host rocks, and are moderately sheared.

The layered Kurancali metagabbro shows hetero-
geneily in both composition (leuco- to melano-) and
in grain size (fine-grained to pegmatitic). On the
basis of modal mineralogy, three major gabbro types
have been identified in the field—pyroxene gabbro,
hornblende gabbro, and phlogopite gabbro (Fig. 2).

The pyroxene gabbro is either massive or lay-
ered. The layered pyroxene gabbro mainly shows
rthythmic alternations of pyroxene and plagioclase.
Massive pyroxene gabbro is characterized by the
absence of plagioclase. Primary hornblende in the
pyroxene gabbro is not abundant, although it is
dominant within the fine-grained pyroxene gabbro.
either as pegmatitic enclaves or irregular layers.
This rock type is mainly composed of dark horn-
blende with lesser amounts of plagioclase. Typically,
the hornblende gabbro is associated with large, pris-
matic pegmatitic hornblende crystals (up to 20 em
in length), and has plagioclase-dominated leuco-
cratic phases.

The irregular masses of coarse-grained (pegmati-
tic) phlogopite gabbro consist mainly of phlogopite
with lesser amount of pyroxene. The phlogopite
crystals are blackish and have diameters of up t0 2.5
em. Almost no plagioclase is present in the phlogo-
pite gabbro. In addition, the presence of hornblende
is restricted to neighboring hornblende gabbro. The
phlogopite gabbro is generally fresh; however, in
some outcrops, the phlogopites are altered to gold-
yellow vermiculite.

Petrography

The Kurancali metagabbro is essentially com-
posed of varying amounts of clinopyroxene, phlogo-
pitic mica, hornblende, and plagioclase. The rock
samples also have secondary hornblende (uralite),
actinolitic hornblende, vermiculite, albite, sericite,
and rarely epidote. The accessory minerals of the
metagabbro are titanite and magnetite-hematite.
Although the Kurancali metagabbro is divided into
three main types for field purposes, detailed petro-
graphic investigation revealed the following types:
phlogopite gabbro, pyroxene-phlogopite gabbro,
pyroxene gabbro (pyroxenite), pyroxene-hornblende
gabbro, pyroxene-plagioclase gabbro, hornblende
gabbro, hornblende-plagioclase gabbro, plagio-
clase-hornblende pegmatitic gabbro, and horn-
blende-plagioclase pegmatitic gabbro.
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FiG. 2. A. Geological map of the study area. B. Cross-section of the study area showing the rock units and their

contact relationships.

In general, although altered to varying degrees,
the Kurancali metagabbro exhibits well-preserved
igneous textures, plastic deformation, and catacla-
sis. The gabbros are characterized by a cumulus tex-
ture that is especially well preserved in the
pyroxene gabbro. Cataclastic and mylonitic textures
are also recognized by crystal bending (especially in
micas), granulation, and brecciation.

The most abundant mineral of the Kurancali
metagabbro is colorless to pale green or pale greyish

green diopsidic augite. The augite occurs as very
fresh. euhedral, short prismatic grains to intensely
altered. fractured. and fragmented anhedral ones
(Fig. 3A). Augite is commonly replaced by second-
ary hornblende and dark mica at rims, and along
cleavage and fracture planes.

Hornblende, one of the major phases, is the pri-
mary magmatic mineral in hornblende gabbro, horn-
blende-plagioclase gabbro, and plagioclase-
hornblende gabbro. Primary hornblende usually
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Fi6. 3. Photomicrographs of the pegmatitic gabbro showing the relationships of: (A) elinopyroxene and pomary phlo-

gopite: (B) clinopyroxene, relic homblende, and phlogopite replacing hormblende and plagioclase (py = pyroxene, phl =

phlogopite, hb = hornblende, plag = plagioclase).

consists of euhedral, long, twinned prisms with faint
optical zoning and is replaced by secondary horn-
blende and phlogopite. Other than primary mag-
matic hornblende, uralite replacing clinopyroxene
as well as actinolitic hornblende developing from
clinopyroxene and secondary hornblende are also
present.

The primary phlogopitic mica is the essential
mineral of the phlogopite gabbro, although phlogo-
pite, replacing hornblende, is present in variable
amounts and grain sizes in other gabbro types.
Relict hornblende oceurs locally within phlogopite
crystals (Fig. 3B). The phlogopitic mica is strongly
pleochroic and forms large flakes (Figs. 3A and
3B), and shows bright interference colors of the
second and third orders, with a low 2V of 2-8°. As
a resull of weathering, phlogopite is transformed to
vermiculite at rims and along cleavage planes
(Toksoy and Oner, 1997; Toksoy, 1998). Because of
oxidation during vermiculitization, the primary
micas have high relief and include numerous tiny

iron oxide grains along fracture and cleavage
planes. Vermiculite replacing phlogopite plates
shows optical continuity with the parent mineral. It
is colorless to pale yellow with very weak interfer-
ence colors,

Plagioclase is present in almost all gabbro types,
but is limited in the phlogopite gabbro and pyrox-
ene-phlogopite gabbro with a made of up to 10%.
However, plagioclase accounts for 90% of the modal
mineralogy in plagioclase-rich, leucocratic parts of
the plagioclase-hornblende gabbro and/or horn-
blende-plagioclase gabbro. The composition of
plagioclase ranges from labradorite to bytownite
(Ang, o). Plagioclase has euhedral to anhedral
forms, and is in subophitic relation to pyroxene and
hornblende. As a result of alteration, secondary pla-
gioclase development—with higher albite content at
the rims—and sericite also are present in and
around plagioclase crystals. Neither olivine nor
orthopyroxene (or related pseudomorphs) is present
in the Kurancali metagabbro.
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Peirology

Analytical technigues

Twelve representative gabbro samples were
ground and concentrated by handpicking. Since this
method did not yield pure mineral samples, sepa-
rated samples were wet ground, and fully dispersed
in distilled water by shaking and ultrasonic treat-
ment. Dried samples were sieved to the range of 90—
150 pm for subsequent mineral separation in a
Frantz isodynamic magnetic separator. As a result of
this separation process, almost pure mica samples
from 8 hand specimens were obtained. Moreover,
the purity of two clinopyroxene samples and two
amphibole samples was estimated to be more than
95%.

Chemical analyses of seven mineral separates
from the vermiculite-bearing phlogopite gabbro,
pyroxene gabbro, and hornblende gabbro were per-
formed using the standard inductively coupled
plasma spectrometry (ICP) method in an automated
PERKIN ELMER Optima 2000 instrument al
Toprak Seniteri ve lzolator Sanayii A.S. Eskisehir
Karo Fabrikasi. Eskisehir, Turkey (Table 1). Since
the total iron is reported as Fe,0, by ICP, the same
samples were decomposed in an orthophenanthro-
line complex to allocate ICP total-iron values to Fe?*
and Fe®*. Fe?* was measured colorimetrically in the
prepared complex using the Unicam SP 600 Series
2 spectrophotometer at the Department of Geologi-
cal Engineering, Middle East Technical University.
Purified mica samples were examined using a
Rigaku Geiferflex X-ray diffractometry (XRD) unit,
with Ni-filtered CuKa radiation at a voltage of 40
kV and current of 20 mV, at the General Directorate
of Mineral Research and Exploration (MTA).

Chemical analyses of the constituent mineral
separates (pyroxene, amphibole, and dark mica)
were utilized in resolving the mineral nomenclature
(Table 1). The unit-cell contents of the minerals
were calculated using the method described by Deer
et al. (1980), in which anhydrous forms of the
amphiboles and micas have been assumed.

For whole-rock analysis, 15 gabbroic samples
were collected. Eight were analyzed for major and
selected trace elements (Table 2). All samples were
analyzed on an ARL 8420 X-ray fluorescence spec-
trometer (Department of Earth Sciences, University
of Keele, UK), calibrated against both international
and internal Keele standards of appropriate compo-
sition. Details of methods, accuracy, and precision

were given by Floyd and Castillo (1992).
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Mineral chemistry

The obtained unit-cell contents of individual
pyroxene analyses were plotted on the Wo-En-Fs
diagram prepared by Morimoto et al. (1988) (Fig.
4A). According to these plots. the analyzed
pyroxenes were defined as diopsidic (En,Fs ,Wo,,_
En.Fs ,Wo,,). The pyroxenes of the Kurancali met-
agabbro are rich in Ca0 (>20 wi%), and poor in
Na,0 (<0.5 wt%) and TiO, (<1 wt%).

The amphibole samples were interpreted and
named using the classification and nomenclature
of Leake (1978). The calculations were made on
the basis of Leake’s standard formula definition
[A,. BoCH T 0, (OH.ECl),]. The values obtained
fit well with the calcic amphibole group having
(Ca+Na), = 1.34 and Nay < 0.67. The studied sam-
ples plot in the tschermakitic hornblende area of the
caleic amphiboles (Fig. 4B). The amphiboles of the
hornblende gabbro have high TiO, (> 1.85 wi%) and
ALO, (> 12 wi%).

Reddish brown to purplish greenish mica is clas-
sified as Mg-hiotite (phlogopitic) by plotting the
analytical data given in Table 1 on the Mg-
FeZ*(Mn?*) — R*(ALFe™ Ti) diagram, described for
trioctahedral micas by Foster (1960) (Fig. 4C). For
nomenclature, the data were also plotted on
the phlogopite-annite-siderophyllite-eastonite rec-
tangular diagram of Deer et al. (1980). According to
these plots, one of the dark micas has an Mg-rich
biotite composition (close to the phlogopite area).
whereas two of them plot in the phlogopite area,
within the range of phlogopite ., _;,~annite 4, 44
(Fig. 4D). These data are in good accordance with
the results of petrographic and X-ray diffractometric
(XRD) analyses. XRD patterns of mica samples dis-
play strong reflections of a 2M, polytype with some
weak vermiculite and interstratified phlogopite/ver-
miculite reflections (Fig. 5).

Whole-rock chemustry

In addition to the mineral chemistry, whole-rock
geochemical data from X-ray fluorescence (XRF)
analyses are also presented for eight samples from
the Kurancali metagabbro. Although the analyses of
the Kurancali metagabbro are limited 1o eight sam-
ples (Table 2), it is possible to divide them into two
chemical groups according to their Nb/Y ratios (Fig,
6A). The first group has the low Nb/Y ratio of subal-
kalic basalts, whereas the second group emerges as
transitional to alkalic. Nb/Y ratios tend to change
little with fractionation in the basalt composition
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TABLE 1. ICP Analyses of Pyroxenes, Amphiboles, and Dark Micas within the Kurancali Metagabbro

Pyroxenes Amphiboles Dark micas
Sample no. FI-26 FT-111 FT-66 FT-410 FT-32 FT-43 FI-59/B
Si0, 48.65 47.90 44.27 44.08 41.11 39.10 38.35
A1,0, 7.73 8.16 12.97 12.01 13.89 15.89 15.86
TiO, 0.9 0.99 1.87 1.89 2.81 2,63 2.86
Fe() 10.1 9.3 9.86 11.63 11.23 13.67 10.62
Fe,0, 1.2 0.7 6.0 6.14 5.9 6.02 5.92
MgO 9.89 10.42 921 8.84 12.50 10.34 13.82
Ca0 20.91 20.57 11.32 11.93 0.23 0.44 0.20
Nu,0 0.52 0.40 1.45 1.22 0.25 0.22 0.27
K,0 0.09 0.11 1.64 1.21 8.91 8.39 8.7
LOI 0.23 0.15 0.78 0.27 2.65 267 2.80
Total 100.22 99.2 99.37 99.22 99.48 99.37 99,47
Si 1.832 1.811 6.453 6.465 5.955 5.826 5.603
Al - — 1.547 1.535 2.045 2.174 2.307
AlY 0.330% 0.3632 0.682 0.541 0.327 0.206 0.433
Ti 0.026 0.028 0.205 0.209 0.306 0.506 0.315
Fe2* 0.318 0.310 1.202 1.427 0.644 0.653 0.653
Fet 0.034 0.020 0.675 0.679 1361 1.662 1.302
Mg 0.555 0.587 2.000 1.932 2,698 2239 3.019
Ca 0.844 0.833 1.769 1.874 0.036 0.069 0.032
Na 0.038 0.030 0.410 0.347 0.070 0.063 0.078
K 0.005 0.006 0.305 0.227 1.647 1.556 1.640
En 32.33 33.93 = * = . =
Fs 18.53 1791 = = = - =
Wo 49.14 43.16 - = 0.3352 0.4260 0.3013
Fe2'/(Fe2* +Mg) 0.3643 0.3456 = - - -
(Ca+Na)y, - - 2 2 - -
Na, = - 0.2314 0.1256 - -
(Na+K), = - 04834 0.449 = - =
Mg/Mg + FeZ) - - 0.62 0.58 = = =

'En = 100 x Mg/(Mg + Fe?* + Ca); Fs = 100 x Fe?*/(Mg + Fe* + Ca); Wo = 100 x Mg/(Mg + Fe** + Ca); (Ca + Na)y,, Nag, and
(Na + K), = numbers in the B and A sites of the standard formulae given by Leake (1978).

2A1M, not ALY,

range, and hence it is concluded that these two
groups record separate magmatic events,

The subalkalic metagabbros clearly plot in the
island-are tholeiite (IAT) field of various discrimi-
nation diagrams (Figs. 6A, 6C, and 6D). Multi-ele-
ment spider diagrams normalized against mid-ocean
ridge basalts (MORB) (Pearce, 1982) also show the
characteristic pattern of island arcs, with significant
enrichment of low-field-strength elements (LFSE)

and depletion of high-field-strength elements
(HFSE) (Fig. 6E). Although the enrichment of LFSE
(apart from incompatible, immobile Th) may reflect
alteration of the Kurancali metagabbros, notably the
enhanced Th and reduced Nb, it still indicates that
the first group of metagabbros are typical arc
tholeiites.

The second group of metagabbros differs from
the first group in having higher LFSE, Nb, Ce, Zr,
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TABLE 2. Representative Analyses of the Metagabbro from the Kurancali Area

Samples KRC-1! KRC-22 KRC-3! KRC-4! KRC-5! KRC-6! KRC-72 KRC-82
Si0, 41.2 47,51 40.71 42.27 42,57 43.75 45.97 4414
TiO, 1.46 0.75 1.74 1.45 1.3 1.04 L16 1.11
ALO, 17.27 6.14 14.08 16.48 12.13 12.81 15.17 15.37
Fe 0, 15.66 13.95 13.80 13.39 9.92 10.35 11.93 14.07
MnO 0.24 0.23 017 0.2 0.21 0.2 0.3 0.23
MgO 5.5 9,75 1093 8.65 9.98 10.91 5.49 6.30
Ca0 14.42 18.65 12.65 14 15.17 17.12 11.63 11.07
Na,0 1.57 0.88 1.56 1.52 1.12 1 2.15 2.54
K,0 0.89 0.97 2.01 1.41 0.85 0.9 4.83 3.03
P,0. 0.31 0.15 0.04 0.02 0.04 0.05 0.25 0.08
LOI 0.64 1.23 1.45 0.66 1.67 1.79 0.47 1.79
Total 99.14 100.21 99.14 100.2 100.18 100.06 99.63 99.95
Ba 457 321 467 325 158 169 8927 1985
CeX? 31 20 21 27 11 10 208 68
cl 90 3 329 106 - 71 217 385
Cr 129 283 7 71 55 448 24 44
Cu 115 60 44 69 17 19 34 24
Ga 19 12 15 19 18 13 20 21
LaX? 12 11 7 3 2 - 98 33
Nh 9 5 10 11 8 73 35 37
NdX? 21 21 21 - - - - 28
Ni 19 79 24 23 56 22 31 23
Ph 9 16 14 17 13 13 20 15
Rh 17 41 39 19 18 13 157 71
S 107 103 217 836 - - 141 168
Sr 7 200 321 475 453 368 1807 783
ThX? 2 10 4 ) 4 1 16 16
\'J 525 379 635 560 223 368 270 406
Y 26 21 27 30 25 21 51 31
Zn 138 89 108 105 98 60 152 174
Zr 59 121 70 63 57 36 181 169
'Subalkalic.

2Alkalic.

X = elements analyzed by X-ray fluorescence.

and Y contents but lower Ti contents. The second
group clearly plots in the calc-alkaline basalt (CAB)
field on the discrimination diagrams (Figs. 6B, 6C,
and 6D). The relatively high Nb/Y concentrations of
the samples suggest that a within-plate tectonic set-
ting (oceanic-island basalt-0IB) is more likely than
a CAB (Fig. 6A). N-MORB-normalized spider dia-
grams of the first and second groups of metagabbros
are quite distinctive, the latter showing a greater
degree of enrichment (Fig. 6E). The second-group

metagabbro samples display three main features: (1)
a greater degree of enrichment in LFSE (Sr, K, Rb,
and especially Ba and Th) relative to HFSE; (2)
reduced Nb relative to LFSE and Ti relative to the
HFSE; and (3) Ce and P,0, enrichment relative to
Zr, Ti0,, and Y. Such variations in high LFSE/HFSE
ratios and negative anomalies of Nb, Ta, and Ti are
typical of all island-are, calc-alkaline rocks (Pearce
and Cann, 1973). The very distinctive Ba enrich-
ment is a peculiar feature of the ultramafic xenoliths
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from the Philippine arc system, which in extreme the CAB also is depicted in the comparative spider
cases also contain cross-cutting veins with phlogo-  diagram of the second group, having higher Ba, Th,
pite (Maury et al., 1992). The chemical character of and Ce relative to the OIB (field c), backarc basalts
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(field d), and average MORB (field e) (Fig. 6F). This
diagram also shows the characteristic LFSE content
of the CAB. with depletion values comparable with
OIB, and even lower Ti contents than average
MORB and some backarc basalts.

Discussion and Coneclusions

One of the fundamental processes leading to
basalt production and chemical heterogeneity in the
upper mantle is the transport of volatile-rich fluids
and melts into the overlying mantle wedge by dehy-
dration of subducting slabs (Arculus, 1994, and ref-
erences therein). By this process, the peridotite
solidus is lowered and melting in the mantle wedge
may be induced (Sekine and Wyllie, 1982). The
infiltration of slab fluids and melts results in modal
metasomatism by addition of hydrous phases in the
hanging-wall mantle. The resulting rocks are
enriched in large-ion lithophile elements (LILE)
such as K. Rb, and Ba, and depleted in Nb, Ti, and
Zr, typical of rocks associated with subduction-zone
voleanism. The hydrous nature of the rocks,
reflected in the abundance of phlogopite, further
suggests an origin as part of a subduction-related
plutonic complex,

The most characteristic feature of the Kurancali
metagabbro is the presence of primary phlogopite.
In terms of the phlogopite-annite series of biotite,
phlogopites from the Kurancali metagabbro display
a remarkably low Fe?*/(Fe?* + Mg) ratio of 30-40.
According to Rowins et al. (1991), biotite composi-
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tional trends with low Fe?*/(Fe?* + Mg) are unmis-
takably magmatic, although the minor development
of hydrous replacement indicates the limited extent
of late- to post-magmatic fluid alteration. The
absence of olivine and orthapyroxene, and the pres-
ence of phlogopite in the Kurancali metagabbro,
may be explained by suggestions given by Hewitt
and Wones (1984). According to them, siliceous lig-
uids rising into peridotitic mantle precipitated
zones of phlogopite. Phlogopite can either crystal-
lize directly or by a reaction with olivine and ortho-
pyroxene at crustal levels (Fyfe and McBirney,
1975). In the studied outcrops, phlogopite domi-
nates as the primary phase in pegmatitic gabbro
bodies. In the other layered gabbro types, phlogo-
pite is mainly observed as a secondary phase
replacing primary hornblende, as deduced from the
presence of dark relict hornblende in phlogopite.
This can be best explained by metasomatism caused
by the infiltration of hydrous and LILE-enriched
magmas into initially anhydrous gabbros, first
resulting in the consolidation of phlogopite-bearing
pegmatitic gabbro veins (Vidal et al.. 1989). The flu-
ids subsequently released diffused into the sur-
rounding rocks to bring about the replacement of
primary hornblende.

The hornblende samples from the Kurancali
metagabbro having high Ti values (1.87-1.89 wt%)
may have further importance for the documentation
of primary phlogopite. Johnson et al. (1996)
assumed that high-Ti amphiboles (0.82-3.66 wit%)
generally have high K, 0. suggesting a transition to a
K-rich environment where phlogopite might occur
with amphibole. High Ti (>1.5 wit%) in amphiboles
is also characteristic of the interaction of magma
and peridotite, resulting in formation of hydrous
upper mantle (Johnson et al., 1996). In this way, the
existence of phlogopite in the Kurancali metagabbro
may be explained by hybridization of magmas above
subdueted oceanic crust. All of these considerations
point away from any other source or process (e.g.,
within-continental-plate alkaline magmatism. conti-
nental-rift-zone or continental basaltic magmatism)
and toward a subduction-related setting for the
Kurancali phlogopite gabbro. Nevertheless, phlogo-
pite and high-K amphibole can be stabilized in the
subduction environment at depths >110 km (Sudo
and Tatsumi, 1990: Thompson, 1992; Davies,
1994). It has been shown through isotopic studies of
Simcoe mantle xenoliths by Brandon et al. (1999)
that the hybridized hanging-wall mantle may act for
tens of millions of vears as a reservoir for slab-
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derived material. Therefore, in areas of regional
convergence, a subduction-derived fluid component
could be preserved and recycled by, for example, a
later episode of magmatism related to rifting in
backarcs, both in oceanic and continental crust.
Thus, the presence of phlogopite alone is not a
definitive indicator of the source area and the origi-
nal tectonic setting of the Kurancali metagabbro.
Regional geological constraints, described in
detail in Génciioglu et al. (1992) and the overall
geochemical features of the studied rocks argue
against a continental-arc origin. However, these fea-
tures alone are not sufficient for assigning them to
one of the possible eruptive settings (either IAB-
BAB or possibly OIB, taking into consideration the

overall geochemical fingerprints but disregarding
the presence of primary alkali-metasomatism).
Therefore, we investigated the whole-rock geochem-
istry of the phlogopite-bearing rocks and compared
them with better-studied mafic-ultramafic rocks in
the CACC and elsewhere (e.g., OIB and MORB
averages, mainly from Sun and McDonough, 1989;
BABB [East Scotia Sea, Mariana Trough, Lau and
North Fiji basins, Bransfield Strait], mainly from
Saunders and Tarney, 1991), relative to their source
compositions and derived melts (basalts).

The whole-rock geochemistry of the Kurancali
metagabbro indicates the presence of two distinet
groups. The first group has the characteristics of
subalkalic basalts and is mainly represented by
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FI6. 6. Geochemical discrimination diagrams showing the distribution of the Kurancali metagabbro samples. Subal-
kalic and alkalic metagahbro groups are represented by darkened circles and diamonds, respectively. A. NB/Y versus
Zi/Ti0, (after Winchester and Floyd, 1977). B. Ti-Zr-Sr (after Pearce and Cann, 1973): OFB = ocean-floor basalts
(MORB); CAB = calc-alkaline basalts; IAB = island-urc tholeiites, C. Ti-Zr-Y (after Pearce and Cann, 1973): A = island-
arc tholeiites; B = MORB, island-arc tholeiites, cale-alkali hasalts; C = calc-alkali basalts: D = within-plate basalts. D.
Ti versus V (after Shervais, 1982). E. MORB-normalized spider diagrams for different groups (normalization fac.ors after
Pearce, 1982). F. Comparative spider diagram of the groups (fields a and b) with well-known tectonic settings: Data taken
from OIB (field ¢) and MORB (field e) averages mainly from Sun and McDonough (1989); buckare basin basalts (field d)
(East Scotia Sea, Marianas Trough, Lau and North Fiji basins, Bransfield Strait) mainly from Saunders and Tarey

(1991).
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metagabbro with (A) stratiform and remnant ophiolitic fragments from the Central Anatolian Crystalline Complex in
central Turkey (field ¢) (compiled from Floyd et al., 2000) and (B) Ankara Mélange metabasites (field d) {compiled from

Floyd e al., 2000).

pyroxene and hornblende gabbros, whereas the sec-
ond group. consisting mainly of pegmatitic phlogo-
pite gabbros, emerges as transitional to alkalic. A
distinet “subduction component” is manifested in
both groups. The first group shows features charac-
teristic of an island arc and plots in the IAT field of
the discrimination diagrams (Figs. 6B—6E). The sec-
ond group, with its greater degree of LFSE enrich-
ment, has both OIB and CAB characteristics.
However, as shown in Figure 6F, it has higher Ba,
Th, and Ce and lower HFSE relative to OIB. a
geochemical signature that is characteristic of
island-are calc-alkaline rocks (Pearce et al., 1994).
The enrichment in LFSE and/or LILE is now widely
attributed to metasomatism of a sub-arc magma
source due to transfer of melt or fluid from the sub-
ducting oceanic crust, whereas the relative depletion
of HFSE may be attributed either to their retention in
refractory slab minerals or to their low solubility in
the transporting fluids (e.g.. Noll et al., 1996).

A geochemical comparison of the Kurancali met-
agabbro with other mafic-ultramafic bodies in cen-
tral Anatolia is presented in Figures 7 and 8. The
first group (Fig. 7A, field c) comprises samples from
the gabbros, the dikes, and the volcanic section of
the stratiform and remnant ophiolitic bodies of the
CAO (e.g., Gigekdag, Sarikaraman, and structurally
isolated outcrops with suspected ophiolitic affini-
ties: Yaliniz et al., 1996, 2000; Floyd et al., 2000).

They exhibit features typical of supra-subduction
zone (SSZ) ophiolites and can be directly compared
with other SSZ-type ophiolites from the Neotethyan
zone (e.g. Pindos, Troodos, Oman; Yaliniz et al.,
1996). The second group (Fig. 7B, field d) on the
comparative diagram comprises alkalic basalts of
OIB character in the Ankara Mélange that are com-
parable to the OIB of St. Helena (Floyd. 1993: Floyd
et al., 2000).

From the comparative spider diagrams (Fig. 7). il
is obvious that Kurancali metagabbro rocks are
quite different than the better-studied rock groups of
the CAO and the Ankara Mélange. They differ from
the bulk of the stratiform and remnant ophiolitic
bodies (Cigekdag, Sarikaraman, etc.) in their rela-
tive enrichment in LILE, incompatible LFSE, and
especially in HFSE. The studied rocks differ from
the OIB-type rocks of the Ankara Mélange not only
in their relative enrichment in LILE (mainly Ba and
K) and depletion in Nb, but also in relative deple-
tion in some HFSE (e.g., Nd, Zr and Ti).

The difference between the main groups of
mafic/ultramafic rocks in central Anatolia and the
studied rocks is also clearly demonstrated on the
V/Ti-Zr diagram (Fig. 8A). In this diagram, the lay-
ered (host) gabbro samples from the Kuruncali area
plot in the transition zone between BABB and 1AB,
whereas the phlogopite-rich pegmatitic gabbro sam-
ples plot in the TAB field. Both Kurancali groups are
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far removed from the OIB-tvpe basalts of the Ankara
Mélange that have low V/Ti and high Zr contents
(Fig. 8B).

In conclusion, based upon the presented whole-
rock geochemical data, together with the mineralog-
ical composition of the Kurancali metagabbros, we
suggest thal these rocks were generated in a supra-
subduction zone environment. They display
geochemical features of transitional BABB/IAB-
and TAB-type oceanic crust. A comparison with
other ophiolitic successions in central Anatolia and
elsewhere revealed that they are extremely enriched
in LIL elements, indicative of alkaline metasoma-
tism in the source region. Rocks with similar fea-
tures are described from modern island-arc
basements (e.g., Hamilton, 1994; Pearce et al..
1994). Hence, we suggest that the Kurancali mel-
agabbro may represent the basement of an initial
island are, generated in a supra-subduction zone
setting within the Izmir-Ankara branch of Neo-
tethys. In previous studies (Génciioglu and Tiireli,
1993; Yaliniz et al., 1996, 2000; Floyd et al., 1998,
2000; Yaliniz and Gonctioglu, 1998), it was sug-
gested that the allochthonous ophiolitic slivers rep-
resent uncoupled or different obducted slices of
oceanic crust from a broad SSZ-type setting. If our
preliminary suggestion is supported by detailed
REE and isotope data, it is likely that slivers of an
initial arc along with other (TAB and TAB/BABB)

SSZ-type ophiolites were emplaced on the passive
margin of the Tauride-Anatolide platform during the
Late Cretaceous closure of the Izmir-Ankara branch
of Neotethys.
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