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Abstract The Izmir-Ankara-Erzincan suture zone of
Turkey is a broad zone of ophiolitic m6lange contain-
ing numerous fragmented blocks ranging in age from
Triassic to Cretaceous. Stratigraphic sequences for
various m6lange units are compared, together with the
geochemistry of associated basaltic pillow lavas of
Cretaceous age. A review of geochemical data for the
pillow lavas demonstrate: (a) a dominant group of
alkalic basalts with enriched incompatible elements,
variable ZrlY and ZrlNb ratios, and (b) a range of
tholeiitic basalts with slightly depleted to mildly en-
riched (normalized) rare earth patterns, (LaiYb)y
0.4-3.0, and generally low ZrlY ratiol The alkalic
basalts can be chemically matched to Pacific Ocean
seamounts, although the close association of red radi-
olarites and cherts suggests that many basalts represent
the margins of such structures, rather than the main
seamount edifice. Nd-Sr isotope data are typical for
ocean island basalts and represent an admixture of a
dominant EM-1 source and a depleted MORB-like
source. Enhanced d18O compositions are a conse-
quence of submarine alteration and not crustal con-
tamination. Tholeiitic compositions have affinities with
both N- and E-type MORB, although most are prob-
ably representative of tholeiitic ocean islands. Overall
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the basalts are mainly representative of structures built
on the ocean floor, rather than the oceanic crust itself,
being scraped off the subducting crust and preserved in
the m6lange of the accretionary wedge.

Keywords Suture zofle .M6lange . Basaltic pillow
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Introduction

Zones of tectono-sedimentary m6lange are a feature of
many fragmented ophiolites throughout Turkey (e.g.,
Hall1976; Ozkaya 1982; Floyd et aL.1991; Collins and
Robertson 1997), although it was the coloured m6lange
exposed in central Anatolia between Krrrkkale and
Ankara that was recognized by Bailey and McCallien
(1953) and named the Ankara m6lange. This broad
m6lange zone consists of fragmented and mixed rocks
(Akytirek 1981; Norman 1984) ranging in age from
Triassic to Cretaceous, and is situated within the east-
west trending Izmir-Ankara-Erzincan (IAE) suture
zone of central Turkey (Sengor and Yrlmaz 1981).

Much of the early stratigraphy and structural inter-
pretation of the region east of Central Anatolia, to-
gether with the naming of the tectonically imbricated
units, was carried out by Norman (1972) and Akkok
et al. (1984). Current interpretations of this complex
suture zone suggest that the thrust-bound m6lange
units originally represented a fore-arc accretionary
prism that accumulated before the continental collision
that partly closed the northern branch of Neotethys
(Grirrir et al. 1984; Norman 1984; Kogyigit 1991).
Ophiolitic material of predominantly Lower Creta-
ceous age, and representing the ocean floor of this
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Fig. 1 Ophiolite belts of
Turkey. OR Orhaniye-
Memlik region, KR KrLElar
region, FIR Hafik region, DE
Derekoy (Haymana) region.
KU Kiitahya region, 1PS
Inner Pontide suture, 1,485
Izmir-Ankara-Erzincan
suture, 1TO Inner Tauride
Ocean, BSZ Bitlis Suture
Zone, NAFZ North
Anatolian fault Zone, EAFZ
East Anatolian Fault Zone,
ECFZ Ecemig Fault Zone,
LST Lake Salt, lY Lake Van

Neotethys seaway, is now largely found in the Anato-
lian Nappe (Koqyigit 1991).

At present there is little stratigraphic interpretation
of the geographically separate blocks of Cretaceous
ophiolitic m6lange exposed within the same suture
zone. In many cases megablocks or olistoliths, that sit
in a largely serpentinitic matrix, have not been studied
in detail nor have their relationship to other blocks in
the m6lange. Equally important is the detemination of
the actual age of blocks containing basaltic pillow lavas
by utilizing the faunal content of intra-pillow limestone
and chert infillings. A number of basaltic blocks from
the Derekoy region (see DE in Fig. 1), southwest of
Ankara, have recorded Callovian-Hauterivian ages

(Rojay et al. 2001), although much volcanic develop-
ment is considered to have been largely in the Valan-
ginian-Barremian interval of the early Cretaceous
(Rojay et aL.2004). However, the detailed stratigraphy
of selected ophiolitic m6lange bodies exposed to the
northwest and southwest of Ankara has been given by
Gokten et al. (1988, Pre-Late Campanian) and Rojay
and Siizen (1997, Cenomanian-Turonian) (see OR in
Fig. 1), as well as in an easterly direction to the north
of the Sivas Basin around the Haflk region (Gokten
and Kelling 7997, Pre-Late Palaeocene) (see HR in
Fig. 1). Much further to the west of Ankara (near
Ktitahya; see KU in Fig. 1), 6nen (2003) examined
ophiolitic rocks of the IAEZ and concluded that dykes
and gabbros exhibited a back-arc tholeiitic character,
in contrast to the dominant ocean island alkaline bas-

alts around Ankara (Qapan and Floyd 1985).

0bjectives

Many megaclasts within the ophiolitic m6lange are

largely composed of basaltic pillow lavas that present

the dismembered volcanic portion of the northern
branch of the Neotethys seaway (Sengor and Yrlmaz
1981) during the early Campanian-Middle Eocene
interval. The aim of this paper is determine the geo-
chemical features and geotectonic environment of the
volcanic segment of this oceanic crust along its roughly
east-west extension by comparing the stratigraphic
setting and geochemistry of separate basaltic blocks.

Pillow lavas of the Orhaniye (NW Ankara), Krhqlar
(E Ankara) and Hafik (N Sivas) regions in northern
Central Anatolia are examined in this paper (Fig. 1).

A 0.5 km thick basalt lava section at Krhqlar village
(near the Kzrlrrmak valley; KR in Fig. 1), which
displays a regular magmatic stratigraphy, has already
been determined by Floyd (1993) and added for
comparison. All geochemical data is interpreted uti-
lizing the same set of diagrams for the determination
of the characteristics and petrogenesis of the basalts.

In addition, unpublished isotope data for basaltic
blocks around Krhglar are also presented and dis-
cussed.

Metabasite blocks in m6langes

Many m6langes are considered to have been produced
in, and subsequently exhumed from, subduction zones
and/or developed in the fore-arc region of an accre-
tionary wedge from mainly ocean lithosphere compo-
nents (e.g., Hall 1980; Aalto 1986; Macpherson et al.

1990; Kogyigit 1991; Jones et aL.1993; Parkinson 1996).

The basites are invariably metamorphosed with low-
grade metabasalts (generally pumpellyite and greens-

chist facies), amphibolites and blueschists derived from
basaltic or gabbroic parents, and with serpentinized
ultramafics also. A geochemical evaluation of the tec-
tonic setting of the metabasite blocks highlights the
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following features: (a) most are representative of bas-
alts from either mid-ocean ridges (MORB) or oceanic
islands and seamounts with enriched characteristics
(OIB), and (b) that island arc basalts (either tholeiites
or calc-alkali high-alumina) are relatively rare, al_
though drilling and dredging in relatively young fore-
arc regions (e.g., Mariana forearc) have revealed the
association of MORB, OIB and arc-related tholeiites
and boninites (Bloomer 1983; Johnson and Fryer
1990). Silicic volcanics and basic volcaniclastics. also
presumably derived from an adjacent arc, are rarer
still.

However, the assocation of the dominant types of
metabasites (MORB, OIB) in m6langes reflects the
association of ocean floor with attendant seamounts
pedestals, the latter of which were fraqmented and
scraped off as the main portion of the ocean floor was
subducted (Kobayashi 1985; Ogawa and Taniguchi
1eSe).

Geochemical analysis

A representative selection of basaltic pillow lava
samples were collected from the Orhaniye (NW An-
kara) and Hafik (N Sivas) m6lange segments of the

Izmir-Ankar a-Erzincan ophiolitic suture zone (Fig. 1 ).
These were analysed for major oxides and a selection
of trace elements using an ARL8420 XRF quantome-
ter at the Geochemical Laboratories of Keele Uni-
versity, UK, calibrated against c.30 international and
internal standards. Details of methods, accuracy and
precision are given in Floyd and Castillo (7992). For
comparison samples from the Krhglar segment (with
REE) were added to the data set. REE were analysed
by INAA at Activation Laboratories. Canada. In
addition a set of Kilrqlar metabasites that were previ-
ously analysed for Sr, Nd and O isotopes, but only
briefly discussed (Floyd and Satir 1994), are also
incorporated. Isotopic data was obtained in the Isotope
Laboratories of Tubingen University by professor
M. Satir and colleagues.

All the basaltic samples are altered to varying de-
grees with the original magmatic mineralogy replaced
by low-grade minerals (largely pumpellyite facies
associations), together with late-stage variable car-
bonate development. Because of the chemical effects
of such alteration (e.g., Thompson 1991), only selected
immobile trace elements were employed to determine
petrogenetic relationships and geochemical discrimi-
nation of tectonic setting (e.g., Floyd and Winchester
1978;Pearce and Norrv 1979).

Fig. 2 Geoloeical map of the
Memlik reeion (from Gokten
et al. 1988)
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Fig.3
sectlon

Stratigraphic columnar
of the Memlik region

Orhaniye-Memlik region

Stratigraphy

This region exhibits the initial opening period of the
Neotethys oceanic branch in the early Liassic (Fig. 2).
The basement is represented by the Dikmen grey-

wackes of Late Triassic age (Akkok et al. 1984) of the
Karakaya orogen, and includes Permian limestone
olistoliths of various sizes. In the Orhaniye region this
unit is overlain by early Liassic mass flow conglomerate
which contains pebbles of a granite type not seen ex-

posed anywhere in Turkey today (Gokten et al. 1988).

This unit represents evidence for the opening of
Neotethys. The conglomerate is followed by "Ammo-
nitico Rosso" facies which grades into pelagic lime-
stones of Malm age (Fig. 3). These are tectonically
overlain by ophiolitic m6lange with a pillow basalt

A Springer

layer that maintains a more or less uniform stratigra-
phy in various separate outcrops. The ophiolitic mel-
ange is unconformably overlain by Campanian flysch
sediments, which are followed unconformably by flu-
vial Paleocene conglomerates which grade into Lute-
tian marine nummulitic limestones. The disappearance
of Lutetian marine conditions in this region suggests

that the collisional phase with the demise of the
northern branch of Neotethys had been completed.

Petrology of basaltic pillow lavas

In the Orhaniye-Memlik region the dismembered pil-
low lava section of the ophiolitic m6lange covers large

areas and displays a regular stratigraphy throughout its
c.100 m thickness. Although the unit was open to
subsequent alteration, volcanic glass in the groundmass

is often fresh and unaltered. Most pillow basalts display
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Table 1 Geochemistry of selected basaltic pillow lavas from the Orhaniye_Memlik resion
Sample EG1 EG3

Major oxides (wt%)

Al2o3 8.33
Fe2Oj 0.85
FeO 4.81

si02
Ti02

30.61
0.95

44.37
1.59
14.00
1.52
8.60
0.19
3.+l
14.43
3.13
1.28
0.34
7.82
100.69

195
24
176
467
95
I7
6
22
18

183
21

30
152
JOJ

10
1',75

24
762
1t9

49.30
1.96
15.13
0.79
4.44
0.11
2.79
15.15

3.07
0.32
0.34

100.85

336
27
161

160
79
20
8

t6
24
78
14
4
231.

294
4
189
39
93
180

39.29
7.47
11.85
1.35
7.67
0.22
J.+ I
17.97
2.38
1.50
0.48
12.26
99.91

220
25
272
268
44
20
11

27
I4
i89
t-l
28
165
370
5

203
L-)

172
r28

46.67
1.89
72.86
1.56
8.84
0.26
4.17
73.43
3.55
0.55
0.57
5.94
1.00.29

JOJ

64
58
374
72
20
26
39
39
209
2I
9

147
+/-)
1,4

219
26
133
187

43.79
2.77
13.22
r.73
9.79
0.21
+.zJ
72.69
3.82
0.74
0.40
7.63
700.42

296

-)+

47

LJI

60
20
5

+J
17

191

2l
t7
144
445
10

216
22
127
t6l

45.73
r.69
14.03
1.60
9.05
0.12
4.r0
11.00
).J Z

0.65
0.45
7.05
100.79

203
t6
4
297
52
17

LJ

22
37
719
20
18

171
236
3

199
26
126
1.17

41.29
t.o-t
13.07
1.80
10.18
0.22
5.33
11.34
3.60
0.57
0.37
8.72
99.12

269
46
96
236
1/

18

4I
14

r54
25
iJ

158
J t+
8
241
22
1,22

155

+J.Z+
2.62
72.63
1.77
10.04
0.18
5.62
11.78
4.09
0.27
0.36
7.47
100.07

200
38
1,42

ZJJ

59
22
I4
41,

28
1.69

21,

7
156
303
l1
227
21

I16
152

MnO
Mgo
CaO
Na2O
Kzo
PzOs
LOI
Total

0.15
2.49
27.98
1.46
1.20
0.51
20.96
i00.30

Trace elements (ppm)
Ba L29
Ce(X) 27
Cl 13
Cr 172
Cu
Ga
La(X)
Nb 21,

Nd(x) 28
Ni 126
Pb 17
Rb 25
s 175
Sr 289
rh(x) 10
v 125
Y 1,9

Zn f75
Zr 101

30
16
1A

(X) = determined by XRF

a variety of intergranular, intersertal, porphyritic and
subophitic textures, often in the same sample. Hypid_
romorphic plagioclase (labradorite) phenocrysts are
abundant and surrounded by plagioclase laths or mi_
crophenocrvsts which form the bulk volume of the
samples. The rest of the matrix is composed of devit_
rified or altered glass (epidotized and ciloritized) and
occasional pvro\ene microphenocrysts, together with
skeletal olivine phenocn'sts. Some phenocrysts exhibit
magmatic corrosion on their crystal edges by the
groundmass. Plagioclase is often kaolinized, whereas
olivine relicts are variably replaced by serpentinite,
and carbonate with talc. patchy chloritization and
carbonate replacement are a common feature of the
finer grained matrix. Additionally all the basalts were
originally vesicular, but now have infillings of pre-
dominantly calcite, chlorite and clay minerals. Some
samples are cross-cut by quartz-filled microcracks.

Geochemistry of basaltic pillow lavas

Geochemical data for this region is listed in Table 1

and illustrated in Fig. 4, where lhe Zr content is used
an indication of the degree of chemical evolution or
fractionation of the basalts. Based on their Nb/y ratios
and generally high incompatible element contents
(Winchester and Floyd 7977) allthe samples are alkalic
basalts that have undergone some degree of fraction_
ation. As seen in Fig. 4a, compatible elements such as
Cr show an expected decrease with progressive Zr
content due mainly to pyroxene fractionation, although
the scatter might reflect a degree of mobility on
alteration. The lower Nb contents for two samples with
high Zr probably reflect ilmenite or magnetite frac_
tionation. Other incompatible elements, such as Ti
and Y (Fig. 4b, c), show that two chemical series
are present with ZrlY ratios of 5.0 and 7.5. that could

Q Springe.
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Fig. 4 Selected elements
plotted against Zr content for
Orhaniye-Memlik area
basaltic pillow lavas

Fig. 5 Geological map of the
area between Ankara and
Krrrkkale
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reflect variable partial melting of a common garnet_
bearing source (cf. Krhglar; Flovd 1993).

Kilrglar region

Stratigraphy

The region is located east of Ankara around Elmadag
town (Fig. 5) and bears features suggesting the closure

oI an oceanic realm (Gdkten et al. 19gg) with the
production of an accretionary prism (Koqyigit 1991).
The lithological units from Late Triassic to Lutetian
age display an imbricated structure which is specific to
the Ankara region, and represents the type locality for
the closing of Neotethys by the end oi the Middle
Eocene. Here the epimetamorphic unit of Late Triassic
alternating greywackes and schists (Dikmen greywac_
kes) lies tectonically on the top of the whole sequence.
Tectonically underlying this unit are Cretaceous

Table 2 Geochemistry of serected basaltic pillow lavas iiom the Kr'qlar section
Sample
Height (m) 71

KIL-3
7l

KIL-7
79

KIL-10
90

KIL-15
139

\Il_-lz
a ,11

KIL-30
304

KIL-34
355

KIL-39
428

Major oxides (wt%)
si02
Ti02
Al203
Fe2Ol
MnO
Mgo
CaO
Na2O
Kzo
PzOs
LOI
Total

36.05

16.18
12.26
0.21.

3.29
2L02
0.67
0.10
0.79
6.r3
99.72

49.85
r.64
rs.75
7.48
0.15
7.56
9.36
9.74
0.81
0.72
6.44
100.49

I47
131

1,78

22
34
17

48
66
59
77
11

18

109
488
63
3Z

173
345

52.71

106.83
11.83
42.42
1.66
2.35
6.67
6.05
1.06
2.60
2.50
0.42

47.46
z.o3
1,5.66

71.40

0.13
5.91
7.4L

3.92
2.t7
0.72
z.J I

99.72

1529
90
LZJ

i8
78
t9
47
60
46
36
10

16

101

oz3
a/1

30
95
249

46.84
94.63
10.85
40.90
7.83
2.44
7.03
5.99
1.00
z,J /
2.04
0.33

46.23
a, / J
74.75
12.05
0.13
5.43
I0.33
4.50
0.41
0.61
3.02
100.20

1,69

90
90
44
80
17

61.

59
45
61,

11

8

182
568
228
28
99
235

37.62
79.83
9.28
36.41
7.37
2.30
o.t I
5.75
0.96
2.46
I.9l
0.30

42.95
2.1,5

13.84
72.13
0.L4
4.02
74.28
3.86
0.26
0.40
5.85
99.87

tJl

55
88
192
65
19
17

34
36
174

1,1

4
93

381
1aA

LJ

79
r62

25.62
51.00
6.1,3

24.70
5.05
1.69
s.01
4.50
0.75
1.89
1.53
0.24

45.79
2.09
13.97
13.29
0.10
2.15
1.2.26

4.69
0.03
0.43
5.35
100.15

63
56
72
589
69
25
26
29
JI

201.

10
3

89
28\
291.

28
r63
145

)\ 54

46.25
6.30
25.63
s.56
1.86
5.67
5.16
0.87
2.30
7.77
0.28

45.83
) )^
74.54
11.08
0.11
4.70
71,.74

4.\8
0.83
0.39
4.58
100.22

218
49
tJ+
128
72
22
28
29
JZ
53
11

10
79
181

zJl
L,)

67
155

24.30
49.23
5.85
ZJ.J+
5.12
7.69
).u /
4.63
0.77
2.01.
1.56
0.24

46.38
2.21
76.34
9.04
0.11
3.40
8.94
4.53
2.14
0.76
6.16
100.01

448
92
55
43
35
iB
42
62
46
63
10

24
88
526
i30
28
80
302

48.52
94.07
70.28
J t.4+
7.00
2.18
6.14
5.39
0.91
2.40
2.04
0.33

Trace elements (ppm)
Ba 57
Ce(X)
CI
Cr
Cu
Ga
La(X)
Nb
\d(x)
,\l

PT,

R'l
S

S:

\'
Zn
7r

81

r63
11

41
26
45
52
45
42
15

5

80
754
196
23
95

258

8i.84
9.68

-\ /.9_
7.18
t t/
6.81
5.97
0.99
2.60
2.08
0.32

Rare Eanh Elcmenrs {ppm.1La +l.+s

Pr
Nd
Sm
Eu
Gd
Dy
Ho
Er
Yb
Lu

Fe2O] = all Fe as Fe2O3
(X) = determined by XRF
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Fig. 6 Selected elements
plotted agarnst Zr content for
Krhglar area basaltic pillow
lavas
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ophiolitic m6lange units which include Jurassic lime-
stone blocks of various sizes. In previous studies
(Norman 1975) rhe epimetamorphic Late Triassic ser-
ies have been called "metamorphic m6lange" and the
Late Cretaceous flysch as the "blocky m6lange". The
Late Cretaceous flysch is tectonically overlain by an
early Late Cretaceous ophiolitic m6lange, the outcrops
of which are common throughout the Elmadag region.
The Paleocene-aged unit of the region, namely the
Dizilitaslar formation (Norman 1975), is tectonically
overlain by this Late Cretaceous flysch sedimentation.
Various dismembered and stratigraphically coherent

pillow lava-bearing blocks of the m6lange are exposed
around and to the north of KrhElar village (Fig. 5).

Petrology of basaltic pillow lavas

The 0.5 km KrhElar section exhibits both pillowed and
massive basaltic lavas in about equal proportions.
Plagioclase-phyric and clinopyroxene-plagioclase-phy-
ric basalts are common, although aphyric basalts occur
towards the top of the magmatic sequence (Floyd
1993). The basalts are generally well-evolved alkalic
basalts with some bearing brown magmatic amphibole.

Table 3 Strontium, neodymium and oxygen isotope data for Krhqlar basaltic pillow lavas

Sample KIL-3 KTL-7 KIL-10 KIL-22 KIL-30 KIL-38

Rb-Sr data
Rb ppm
Sr ppm
otRb/t6sr
87Sr/86sr measured
87Sr/87Sr at 100 Ma
Sm-Nd data
Sm ppm
Nd ppm
147sm/l44Nd
ll3Nd/144Nd measured
l43Nd/rsNd at 1oo Ma
e1.16 at 100 Ma
O data
dr80
LOI (wt%)

5

1,54

0.090
0.704461 r 16

0.704333 + 15

rt.9
9.94

18
488
0.110
0.70460L + 11

0.704445 + 11

16
623
0.074
0.704159 t 13

0.704054 + 1,3

7.83
40.90
0.115
0.512671. + 1I
051267I + II
-).L

15.1
2.31,

4

381
0.030
0.703918 t 11

0.703875 + 11

5.05
24.10
0.127
0.512667 + 8
0.512667 + B

-1. I

14.8
s.85

3

281,

0.031
0.763999 + 13

0.703864 r 13

5.56
25.63
0.i31
0.512694 + 1.0

0.512694 r 1,0

3.6

74.5
5.35

46
370
0.360
0.704571 + 13

0.704059 + 13

n.d
n.d
0.1,20

0.512720 + 8
0.5L2720 + 8
4.1,

77.3
13.09

7.48 7.66
37.92 42.42
0.119 0.109
0.512780 + 6 0.512752
0.512702 + 8 0.512681,
3.8 3.4

r11
+11

1,6.4

6.44
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Fig. 7 Oxygen-strontium isotope distribution in Krhqlar basaltic
pillow lavas relative to oceanic basalts and sediments (data from
James 1981; Saunders et al. 1988)

Most show superimposed pumpellyite facies assem-
blages, although the latest alteration is characterised by
smectite-carbonate and variable zeolite develooment.

Geochemistry of basaltic pillow lavas

A selection of analytical data, together with REE, are
presented in Table 2 (taken from Floyd 1993) and
illustrated in Fig. 6. The alkalic basalts (with Nb/Y

Fig. 8 Geological map of the
Hafik region, northern
boundary of the Sivas
Tertiary basin (from Gokten
and Kelling 1991)
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and 12 (see later). As noted by Floyd (1993) three
chemical series are present in the Krhglar section (la-
belled A, B and C), separated by different Zrly ratios
(Fig. 6c) and variable Cr contents reflecting differential
fractionation of pyroxene and to a lesser extent
amphibole (Fig. 6a).

Little isotope data has been published for any of the
metabasites within the ophiolitic m6lange units, apart
from a reconnaissance study by Floyd and Satir (1994),
which included metabasalts from the Krhglar section.
The data for Sr, Nd and O isotopes are shown in
Tables 3 and 4.

Fresh MORB and OIB generally exhibit a narrow
range of d18O values (6.0 t 0.5 ft.; Muehlenbachs and
Clayton 1972), whereas tTSr/86Sr ratios are more
variable, although MORB has a typically low average
value of 0.7025 relative to most OIB (Saunders et al.
1988). As seen in Fig. 7, Krhqlar alkali basalts have
restricted Sr ratios (c. 0.704), well within the common
range of ocean islands, but elevated d18O (72-17 %,).
A consequence of submarine weathering of basalts is
an enhancement of the d18O ratios and a feature
which is characteristic of many low-grade altered
ophiolitic basites (Muehlenbachs and Clayton 1972:
Spooner et aI. 1974:). This would appear to be the
case with the Krhqlar alkali basalts, which also exhibit
high LOI contents reflecting the presence of sec-
ondary hydrated minerals, whereas mixing with sed-
iment or other contaminants has not apparently

Fig. 10 Selected elements
plotted against Zr content for
Hafik area basaltic pillow
lavas
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changed their O or Sr isotopic values (trig. 7) and can
thus, be ruled out.

Hafik region

Stratigraphy

The ophiolitic m6lange exposed here forms the base-
ment of the Sivas Tertiary sedimentary basin (Fig. 8)
and represents the southern extension of the large
Qamhbel ophiolitic body (Yrlmaz1987) within the IAE
suture zone.

In the far north of the Sivas basin the ophiolitic
m6lange has been thrust on top of Neotethyan Jurassic
limestones or Late Triassic metamorphics of the Sak-
arya continent (Karakaya orogen). In the Hafik region
the ophiolitic m6lange is unconformably overlain by
Late Paleocene age lagoonal sediments (Fig. 9) which
rapidly grade into the fan deltaic deposits (Ozderesi
formation) which characterize the margin of the Sivas
basin (Grikten and Kelling 1991). The unconformably
overlaying Hafik formation is composed of mainly
clastic and interbedded evaporitic sediments, and is
followed by shallow marine sediments of the Bahcecik
formation (Early Miocene age). Finally, continental
clastic sediments of the Karadag formation of Pliocene
age unconformably covers all the former lithologies of
the resion.
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Petrology of basaltic pillow lavas

Most of the samples have (or did have) a glassy matrix
with quenched variolitic textures composed of radiate
plagioclase and scattered plagioclase microlites. Much
of the original glass has devitrified. Phenocrysts are
common and include hypidiomorphic plagioclase and
euhedral/subhedral pyroxene and olivine. Minute
opaque anhedral minerals (probably magnetite) are
common throughout. Small vesicles are common and
filled with secondary minerals such as qtartz, carbon-
ate and zeolites. The plagioclase microlites and phe-
nocrysts show variable argillization (kaolinite) and
silicification (quartz). The mafic minerals are often
replaced by epidote and carbonates, whereas olivines
are serpentinized. In contrast, some coarser-grained
samples are holocrystalline in character suggesting that
they may be dyke-like dolerite intrusions. Here, in-
tersertal textures are common with hypidiomorphic
plagioclase phenocrysts occurring as laths. Euhedral
olivine and augite phenocrysts have been variably re-
placed by serpentine and chlorite.

Geochemistry of basaltic pillow lavas

Figure 10 shows some of the geochemical features of
these basalts. There appears to be two chemical series
present distinguished by ZrlY ratios (3 and 6.2;
Fig. 10c), which display a broad decrease in Cr content
(Fig. 10a) probably due to fractionation by spinel (not
seen in thin section) and pyroxene (which occur as

phenocrysts). Titaniferous oxides do not appear to
have played much of part in the fractionation sequence
as suggested the lack of any marked decrease in Ti
content (Fig. 10b). Most samples have low Nb/Y and
ZrlY ratios which indicate that they represent a series
of depleted tholeiites, and thus, a different magma
series to some of the other pillow basalts sampled to
date. Although XRF-determined light REEs are not
very reliable, averaged data suggests that they have
small LREE-depleted patterns (see later), unlike the
enriched patterns typical of many m6lange basalts of
this suture zone (Floyd 1993).

Geochemical discrimination and identification
of basalt types

From this, and previous geochemical studies (e.g.,

Tankut and Gorton 1990; Floyd 1993; Tankut 1984;
Rojay et al. 200I, 2004), most of the Cretaceous
basaltic blocks within the suture zone represent two
main groups: (a) a dominant group are alkalic basalts

200

Zr ppm
3SC

+Orhaniye-Memlik tKrllglar B Hafik

4S0

- 300>e
200

100

TiO?wl.q,''

Fig. 11 Geochemical discrimination of tectonic environment for
basaltic pillow lavas derived from various ophiolitic m6lange
blocks

La Ce Pr Nd SmEu Gd 1l Dy Ho Er Tm Yb Lu

Fig. 12 Comparison of chondrite-normalized rare earth element
pattems for basaltic pillow lavas from various blocks within the
Cretaceous ophiolitic melange. Cretaceous E-type MORB from
Floyd (1993)
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.r; 1s0 2aa

Frg. 11. Relative light-to-hear.y,RFE fractionation (as chondrite
::-1Ti_t]r"d 

Laiyb ratio).Jor tholeiites rro_ Oiti.r"nr oceanrcenvrronments. Ankara m6lange data from f,toyO fill:;; Tankut
11.ela), 

nojuv et at. (2004)._oti",;u;;;;;*elraSne (Sun andMcDonough 1989); Easi eucin. nts.-ia"i;;; seamounts(Allen et at. i98e); Atlantic E MoRr; (e;;;:, ar. teTe);p;^1ni.-ptu,"aux (Mahoney et al. 19sij; r'..iu'#fc;iuron et al.1982); Hawaii (Basalric Voicanism a;;;; pr"j*;r;1)

with relatively enriched geochemicar features similarto many ocean island basalts (OIB) and (b) varioustholeiitic basalts with low, Out'uariuUte lncompatible
element contents and normalireO flghi-neE patterns.lngilg from slightly depleted to midly enriched. Anadditional group with calc_alkali .ha.a.t"rirtlcs wererecorded by Capan and Floyd (19g5) and interpretedas arc-related basalts, although these had not beenrecognized in previous studies. The above simpledivision of the alkali and tholeiitic turui , and theirchemically discriminated environments is summ arized
]n ltt: 11. In general, OIB (predominantly alkalicbasalts) relarive to the tholeiite ;;.*, have Zrlyratios >4 (pearce and Norry t|lTi, i:iV ratios >50(Shervais 1982) and very low ZrlNb ratios (<7), to_gether with enriched (chondrite_normalized) lightREE parterns (Fig. 12).

However, in the light of the chemical variation dis-played from a number of oceanic environments
(especially results from DSDp/ODP), lt is lmportant tore-evaluate this simple dichotomy'of OB_type sea_mounts versus tholeiitic ocean floor and obtain a betterunderstanding of the origins of the basalti. 

"urnpon"n,,of the suture zone. Simiiarly, ttre appficaiion of highlyincompatible element ratioi (e.g.,'ZrlNb) and radio_genetic.isotopes (e.g., 
.Sm/Nd and Rb/sr systematics)

could also have a bearing on the nature of ihe mantle
sources from which the basalts were originally derived(see next section).

Alkalic basalts

Because of their similarity to OIB it is generally as_sumed that these basaltic pillow lavas were derivedfrom seamounts that deveioped on it " ocean floorprior to dismemberment (e.g., Capan and Floyd 19g5;Norman 1975; Floyd 1993; Rojaf 
"t ui. zoot, 2004).However, alkalic basalts u." uiro known from other

oceanic environments, including aseismic ridges (e.g.,late basalts from the Walvis ljag"; Humphris andThompson 1983), early, mid_plate, i"u_oun, develop_
ment (e.g., Loihi seamount, Hawaii; Frey and Clague1983); late-stage development of tholeiiie-dominated
islands (e.g., Hawaiiurr. 

"hui.r; 
Clague tVSZ;, O""p_r"u

sills (e.g., Pigafetta B.asin, W. pacific; Floyd et al.1992)
and_ plume-hijacked 

_ 
ocean ridges (".g., Iceland;O'Nions and Gronvold 1973). trr"many of the above

cases the alkalic basalts are minor anj closely associ_ated with abundant and voluminous tholeiites, a fea_ture that is not readily apparent in the m6lange block
assemblage. Although direct chemical comparisons can
be made with alkalic seamounts from the pacific Ocean(e.g., Floyd 1993), the associated sediments may, insome cases, preclude the basalts as being part of themain seamount ediface. For example, the Krhglar sec_tion, with debris flows of volcaniclastic and pelagic
material closely associated with the extrusion of basalts
suggests that it may represent the outer arch_moat re_gion of a seamount rather than the seamount itself
lFloyd 1993), or when associated with reefal and ra_diolarite debris, the slumped apron of un uOlu."nt ,._amount (Rojay et al. 2004). In other cases whereinterbedded pelagic sediments are lacking or any sed_imentary intra-pillow fill is largely missingltne m6lange
blocks could represent a deep-er o, 

"u.nJ. fortion of aseamount structure. Because of the relaiively smallpillow lava sections exposed in some of the blocks,interpretations tend to be gener alized but broadly fa_vour structures built on the seafloor.

Tholeiitic basalts

This group is generally considered to have an affinity tosome form of MORB, possibly reflecting a range fromnormal- to enriched_types of ocean flJor. llowever,
apart from pillow lavas from Hafizdursun yayla (N ofKrlrElar)(Floyd 1993) and the Halik area studied herethere appear to be no basalts with strongiy depletedN-type MORB affinities (that is, *itn fiiivu)N < 1).In fact, even these basalts have higher )nun 

"*p""t"ONb contents..(>2.5 ppm Nb for XIVIORB) anO ontyvery slight light REE depletion patterns (Fig. 12).Apart from these few examples, the rest of the
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Fig. 14 Comparison of Ce/Y
and ZrlY ratios for KrhElar
basaltic pillow lavas with
alkalic basalts from ocean
island basalt (OIB)
environments (data from
various sources; Loihi
seamount data from Frey and
Clague 1983)
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Fig. 15 Neodynium-strontium isotope distribution in Kiliglar
basaltic pillow lavas relative to MORB, selected oceanic islands
(OIB) and mantle end-member reservoirs (data from Zindler
and Hart 1986; Hart 1988)

identified tholeiites are generally more incompatible
element enriched, with low ZrlNb ratios (<10), and
exhibit flat to mildly enriched normalized REE pat-
terns (Fig. 12). These features have often been used to
suggest an affinity with E-MORB (e.g., Floyd 1993;

Rojay eI al. 2004), that is, a spreading ridge contami-
nated by a nearby plume. However, distinguishing
whether these tholeiites really represent actual ocean
floor (formed at a spreading centre) or volcanic struc-
tures built on the oceanic basement (intra-plate tho-
leiitic OIB) remains a problem, because chemical
discrimination is difficult due to the overlap of com-
positions from these environments. However, normal-
ized REE patterns are typically flat for enriched-types
of MORB, whereas those for ocean island tholeiites are

usually convex to varying degrees (Jones et al. 1993).

As exhibited in Fig. 13, normalized (LalYb) ratios
differ in their degree of light to heavy fractionation for
E-MORB and oceanic plateau relative to tholeiite-
dominated ocean islands, such as Iceland and Hawaii.
Based on the little data available from the Ankara

Q Springer

l0
ZriNb

m6lange, this suggests that a few tholeiites are akin to
E-MORB, although the majority might represent oce-
anic islands, albeit with more primitive (i.e., lower Zr)
compositions. Certainly, the one unifying feature is that
both E-MORB segments of ocean crust and ocean is-
lands/seamounts are related to mantle plumes. Thus,
the presence of some remnant N-MORB segments and
the close association of dominant ocean islands/sea-
mounts might suggest that an enriched ridge chemistry
(E-MORB) might be expected, as well as off-ridge
seamounts of both alkalic and tholeiitic compositions.

Mantle sources of the m6lange basalts

The above geochemical assessment of the tectonic
environment suggests that at least two primary mantle
compositions were involved in the generation of the
basalts: depleted asthenospherefor the development of
the N-MORB tholeiites and plume-hosted, enriched
mantle, for the alkalic OIB. The presence of enriched
tholeiites (or E-MORB) represents the mixing be-
tween the depleted and enriched sources, such as might
be generated by a plume adjacent to a spreading ridge
(Schilling et al. 1985).

Stable trace elements (Table 2) and radiogenic iso-
tope data (Table 3) that are available for the Krhglar
section basalts can be used to characterize the enriched
OIB mantle source. Figure 14 compares these alkalic
basalts with various Pacific seamounts and St Helena
island in the Atlantic Ocean. Changes in the Ce/Y ratio
(representing light to heavy fractionation of the REE,
Y as a heavy REE proxy) are largely a reflection of the
degree of partial melting involved in the generation of
the volcanics, together with minor pyroxene fraction-
ation. The ZrlNb ratio, on the other hand, often
characterizes the nature of the enriched source, being
largely unaffected by partial melting (except at very
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at variable ZrlNb' similar to the r<trtir"r uaratts, sug- "H: 
formation of the ophioritic m6lange in theffiii:?t!1it*.f[T;H,*",f*; from a simila-r, trench of the no.,r,*u,a subducting rAE Tone may
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Discussion this feature points to a tectonic subenvironment on theoutskirts or margins of a seamount complex withrhe timing of rhe empracemenr of segmenrs of the ,TJ"qil,i.i,i.!i:?:;H:r1:,,ffiJ,,T::r,T11ff,?jophiolitic m6lanse along the r'-it-at?" ra-Erzincan late Lu.tetian una 
""ior"a'.in the Derekoy (Haymana)

(IAE) suture 
'on" show to-" ug" 

-iiii"'"n""' 
tto- ."gi* has been given uy Ro;ay et ar. (2001,2004). The

west to east. This
facters, i".r'ai"e, .Ti"*" ffi:: :t,1;,1il"i:{i ff;;Jff {e,ixi+s*ft :#fill,ru; 

:::northward subducted 
.plate' (b) itt"gti"ti'l"s or em- urr-o'"iut"a with pelagic red lrmestones of late crera-

bayments of the overrliing ptutt' 
"ti?"j'trrr width of ;;;;;"g", radiorarite-s and cherts arerare(Grikten and

"fti::H,,1t",:Tl:#;:,m,*:l f'" 
dirrered r<"ili'g 1ee1) ro ,r'" ,",,r, or this area, in the Sivas

empracement occured. in p."_ cu"'iffi 
:,:"r, ",.it 3i1t,,,?T:ili,il U. nXd:*,,:,,,ffi ;l^::;northwest of Ankara in the *"", it--o".urred later in oi.ia""rir", trr", i"p[r"riru-o,rng of deeper crustar/#:#txt:#-';:# :T,:::' -P"ili; 4; orhanive- il-"^ii..,",:ls (Gdkten 1ee3). rhe rare arc-rerated carc_

r:1u j,". ,,,u,,r.uoii3i;;"11;,"'l;"ffi."11ffii ;h%rffi":rfi1itiliilix-:ftil'ffi:k;levels' In the Haymul1,t"gi:" (Derekoy m6langel see ;ilr";r", alrhough their existence may be explained
DE in Fig' 1) the m6lange sheet is 

'"tn u' a package of irr"'"ro."n"r* oI,n"-.o'irro"ur front to an active arc
thrust onto the Lutetian_aged transiiiori"ron" ,.Ol_ associated with the subduction zone.ments (shelf to deep marine) with its 

'oot 'on" ru,- The obre.vaur" ,rri.tr"r, o, ,rr" ophiolitic m.range
ther north around the Memlik region' Howeue', i" sheet in a' the studied regions does not exceed more
the sedimentary matrix of ttre oere-tof'-^Junr" ,o*" than a few kilomete.r, ,o iti" o."anic crust of the IAEZfaunal evidence reveals a late ru'u"'i.-*rly c.yi ir#Jr"ntirg the northe- ururr.n of Neotethys) may
ceous age (callovian-Hauterivian) (Altrner 1991; huu" u""n thinner than big ocean realms, with crustalfi[':::Jii"';ff.?1.]'lm:;1'"1*"*l**: 

3;ig:r", 
ot c5-7km, ir subduction 

".o,ion *u,
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low degrees) and fractional crystallization. As shown i, _ jr^-^^ :

i':;:i"i:;l]:i;F: basarts exhibit ""..i'.;l'il|;: fff,X:" 
is as important as the age obtained rrom its
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During the stacking of the ophiolite sheets on
accretion the uppermost parts are largely preserved in
the observed outcrops. However, to the northwest and
the northeast of Ankara high-level seamount basalts
predominate, whereas further east (Hafik region) bas-
alts of the actual ocean crust are exposed, together
with deeper oceanic peridotites. Consequently along
the west-to-east extension of the IAE suture zone
deeper levels of ocean crust appear to have been tec-
tonically sampled and preserved. The tectonic envi-
ronment interpretation of the Kiitahya ophiolites
(Onen 2003) suggests they may not belong to the
oceanic crust of the northern branch of Neotethys,
even though their formation age is Turonian, not dis-
similar to the Ankara region ophiolitic m6lange (see
KU on Fig. 1). Instead these ophiolites may have been
formed in an isolated back-arc basin in the Anatolian
block to the north of the subduction zone that con-
summed the IAEZ ocean crust.
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