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Abstract

The Yozgat Batholith lies along the northern edge of the Central Anatolian Crystalline
Complex in Central Anatolia, Turkey. The batholith intruded the Paleozoic-Mesozoic metamor-
phics and Cretaceous ophiolitic mélange, and was nonconformably overlain by latest Maastrich-
tian-Paleocene and/or Eocene clastics, carbonates, and voleanics. The batholith itself may be
subdivided into several mappable subunits bounded by Cretaceous ophiolitic mélange, Eocene

cover, and/or faults,

Major- and trace-element as well as REE analyses of the subunits indicate that the granitoids
of the Yozgat Batholith are principally metaluminous monzogranites, of subalkaline-calcalkaline
character, except for the peraluminous leucogranitoids of the Yozgat subunit. The granitoids
were derived by thickening of the continental crust and related partial melting; the thickening
was caused by emplacement of ophiolitic nappes during collisional events.

Introduction

THE ASSEMBLAGE OF magmatic, metamorphic,
and ophiolitic rocks in Central Anatolia east
and southeast of Ankara commonly is refered to
as the Central Anatolian Crystalline Complex
(CACC) (Goncitoglu et al., 1991, 1992, 1993;
Akiman et al., 1993). The assemblage also is
called the Central Anatolian Massif (Erkan,
1981), the Kirsehir Massif (Seymen, 1982}, and
the Kirsehir Complex (Liinel, 1985). The Com-
plex lies in a triangular area demarcated by a
line connecting the settlements of Sulakyurt,
Yozgat, Sivas, Kayseri, N igde, and Aksaray. Geo-
logically it is bounded by the Tuzgblii fault to
the west, the Ecemis fault to the east, and the
Izmir-Ankara-Erzincan suture to the north
(Fig. 1).

The rocks that crop out within the area of the
Complex include metamorphic rocks, mafic to
ultramafic rocks, slices of mélange, and felsic to
intermediate plutonic rocks, including grani-
toids and syenitoids. These rocks are generally
overlain by latest Maastrichtian-Paleocene
and/or Eocene volcanics, clastics, and carbon-
ates, Miocene evaporites and clastics, and Plio-
Quaternary continental clastics.

The Central Anatolian Granitoids (CAG) are
an assemblage of pluionic rocks that may reach

'Paper initially presented at the Second International Turk-

ish Geology Symposium, Cumhuriyet University, Sivas,
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batholithic dimensions and that principally
intrude into, and locally assimilate, the meta-
morphic units and the ophiolites thrust over
them. The granitoid types also display intrusive
relationships among one another. Within the
granitoids, metamorphic rock and mafic rock
enclaves, mafic mineral segregations, and frag-
ments of older granitoids are observed. The
granitoids in the CACC, in general, are grouped
according to physical features identified in the
field as: (1) two-mica leucogranites; (2) bio-
tite/hornblende granites; (3) alkali-feldspar
megacryst granites; (4) granodiorites; (5) tona-
lites; and (6) aplitic dikes. Leucogranites are
probably the oldest group; their outecrops,
except for occasional fresh ones, are generally
more altered than those of the other groups and
they intrude into the mafic units and locally
display assimilation features. Biotite/horn-
blende granites are observed in four settings:
(1) as dikes cutting the mafic units, leucogran-
ites, and alkali-feldspar megacryst granites; (2)
as the transitional phase resulting from assim-
ilation between mafic units and leucogranites
or alkali-feldspar megacryst granites; (3) as the
border phase of the alkali-feldspar megacryst
granites; and (4) as outcrops of various dimen-
sions. Alkali-feldspar megacryst granites are the
most widespread group, with extensive out-
crops, sometimes reaching batholithic dimen-
sions. Tonalites are observed locally, generally
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Fic. 1. Simplified geological setting of the CACC (modified from Bingsl. 1989).

close to the boundaries with the mafic units.
Aplitic alkali-feldspar granites are the youngest
group, and are observed as dikes and, locally,
dike swarms cutting other groups. The grani-
toids of the CACC can be subdivided geograph-
ically into three belts (Erler et al., 1991): (a) a
NE-SW to NW-SE curved zone covering large
outcrop areas along the western margin, which
was reviewed by Akiman et al. (1993): (b) a
relatively small set of disconnected plutons
extending along the eastern margin; and (¢c) a
very large batholith along the northern mar-
gin—the Yozgal Batholith.

The Yozgat Batholith is the largest granitoid
outcrop within the CACC: it underlies an area
bounded by a line connecting Yerkoy on north-
west, Yozgat on north, Sergun on northeast,
Akbucak on the southeast, and Sefaatli on
southwest, and it has a WSW-ENE trend. The
geology of the Yozgat Batholith and its
surroundings has been studied by Ketin (1955),
who concluded that the plutonic rocks, post—
Late Cretaceous to pre-Lutetian in age,
intruded the metamorphic rocks. The fluorite
veins and the surrounding granitoids northwest
of Sefaatli were studied by Bayramgil (1953),

and the geology, petrography, and geochemistry
of the region to south of Yozgat were analyzed
by Dalkilic (1985), Dalkilic and Erler (1986),
and Erler etal. (1989, 1991). The geology of the
region around Sefaatli was studied by Karatas
(1985), and the petrography and geochemistry
of the granitoids of the eastern Yozgat Batholith
(outcropping south of Sorgun) are being inves-
tigated currently by Boztug (unpubl. data).

The geological features of the Yozgat Batho-
lith and the surrounding areas were mapped
during the 1992 and 1993 field seasons. Petro-
graphic studies were performed at the Middle
East Technical University (METU), and geo-
chemical analyses at the laboratories of METU,
the University of Nevada, Reno, and the Univer-
sity of Keele. In this paper we have compiled
preliminary results of geological, petrological,
and geochemical work in progress in order to
interpret the tectonic setting of the northern-
margin granitoids of the CACC and thus the
geodynamic evolution of the passive margin of
the Tauride-Anatolide Platform during the
closure of the lzmir-Ankara-Erzincan Ocean,
one of the most prominent branches of the
Eastern Mediterranean Tethys.



716

ERLER AND GONCUOGLU

SORGUN (1} .
7 gl

]
|
YERKOY n
o
A
i
N SEFAATL
B
=I5,
:;ﬁ’
3 i3
km

Fic. 2. Simplified geological map of the Yozgar Batholith. Legend: | = cover units: 2 = gramitoids: 3 = ophiolitic
units; 4 = metamorphie units. Subunits: YER-SEF = Yerkoy-Sefaatli; YOZ = Yozgat: KER = Kerkenez; KT =
Karlitepe; M = Miikremin; GEL = Gelingiillii; OC = Ocakli; 8T = Sivritepe; MU = Mugalli.

Geology and Petrography

The Yozgat Batholith is subdivided into eight
outcrop units on the basis of: (1) structural
features; (2) units at the boundaries; and (3)
textural-mineralogical features. These units
are, from west to east: (1) Yerkdy-Sefaatli; (2)
Yozgat: (3) Kerkenez; (4) Karlitepe; (5)
Gelingiillii; (6) Sivritepe; (7) Ocakli; and (8)
Mugalli (Fig. 2). The outcrops of the Yozgat
Batholith are generally relatively fresh,
although locally they are quite altered.

According to modal classification (Streck-
eisen, 1967), the Yerkdy-Sefaatli granitoid is a
monzogranite, the Yozgat granitoids are monzo-
granites and tonalites, the Kerkenez granitoids
are monzogranites, Lthe Ocakli granitoids are
monzogranites and quartz monzonites, the
Gelingiillii granitoids are syenogranites and
monzogranites, and the Sivritepe granitoids are
monzogranites and quartz monzonites (Fig. 3).
Average modal compositions of the subunits of
the Yozgat Batholith are shown in Table 1.

Yerkoy-Sefaatli granitoid

The Yerkoy-Sefaatli granitoid is located in
the southwestern portion of the Yozgat Batho-
lith; it erops out to the southwest and northeast
of the Yerkiy-Sefaatli line and encompasses
~400 kmZ2. This group was not studied in detail
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Fic. 3. Q-A-P modal classification of the granitoids from
the Yozgat Batholith, Symbols: diamonds = Yerky-Sefaatli;
half-filled circles = Yozgat; filled circles = Kerkenez: open

circles = Karlitepe; triangles = Ocakli; squares =

Gelingiilliz: inverted triangles = Sivritepe,

because of accessibility problems; it is probable
that it may be subdivided into two or more
subunits. The unit consists mainly of horn-
blende (& biotite) granitoids (HBG). Biotite or
hornblende is dominant locally; HBG locally
displays a transition to alkali-feldspar mega-
cryst granitoids (MKG). Around Sefaatli and
Lokksy, MKG crop out. Within the MKG near
Sefaatli there are rare microcrystalline mafic
enclaves; the unit also is cut by alkali-feldspar
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TaBLE |. Average Modal Analyses of the Subunits of the Yozgat Batholith

Subunits

Yerkiy-
Mineral Sefaatli Yozgat Kerkenez Karlitepe Ocakli Gelingiillii Sivritepe
Plagioclase 27 29 27 n.a. 24 17 30
Orthoelase 32 29 38 it 39 38 33
Quartz 30 35 24 n.a. 17 30 19
Hornblende 3 1 5 n.a. 11 7 8
Biotite 4 3 n.a. 4 3 2
Muscovite - - - n.a. 1 1 -
Opaque 1 2 3 1.4 I 1 A
Zircon 1 - n.a. - - -
Sphene 1 - 2 n.a. 3 1 4
Augite - - 1 .. - -
Apatite 1 | - 4. - = -
Total 1000 100 100 ., 100 100 104
P 30 32 Al .. 30 20 37
A 36 30 43 n.a. 49 45 40
Q 34 38 26 it 21 35 23
Name! MG MG MG MG MG M

MG = monzogranite; P = plagioclase: A = alkali feldspar; Q = quartz; n.a. = not analyzed.

granile dikes with porphyritic textures and by
quartz veins. On the north, west, and south, the
Yerkoy-Sefaatli granitoid is surrounded by con-
glomerates-sandstones-limestones-marls of the
Eocene Mucur Formation, Eocene basalts, and
Miocene-Pliocene cover units (Kizilirmak
Group); on the east, it is separated from the
Yozgat and Gelingiillii granitoids by outerops of
ophiolitic mélange and a NW-SE-trending
fault. NW-SE-trending faults caused shearing
within the Yerkoy-Sefaatli granitoid; mylonitic
bands are common along the Yerkdy-Sefaatli
line. Outcrops generally are fresh, but locally
are extremely altered. A few samples collected
around the fluorite occurrence northwest of
Sefaatli were studied by Bayramgil (1953); they
were described as hypidiomorphic-granular bio-
tite-hornblende granodiorite, hornblende (=
biotite) granite, hornblende (% biotite) tona-
lite, and hornblende monzonite. Several sam-
ples collected around Sefaatli were studied
by Karatas (1985); they were described as
hypidiomorphic-granular  hornblende-biotite
granites and granodiorites. The principal min-
erals are orthoclase, plagioclase, quartz, biotite
and/or hornblende; uralitized clinopyroxene
(augile), opaque minerals, zircon, sphene, and
apalite are present as accessories,

Yozgut granitoid

The Yozgat granitoid constitutes the north-
ern part of the Yozgat Batholith, encompassing
an area of ~40 km?. Close to its northern edges,
garnet (X biotite)-bearing leucogranites are
observed. Gabbros occur along the northern
and western boundaries, as well as in the form
of blocks within the unit. The southwestern and
southeastern boundaries are faulted. Dikes of
alkali-feldspar granite and diorite and quartz
veins cross the granitoid. The Yozgat granitoid
is surrounded primarily, and is unconformably
overlain, by Eocene sandstones-sandy lime-
stones-limestones with intercalations of con-
glomerates. Focene basalts locally cover the
granitoid on its western and southern margins.

The samples studied by Erler et al. (1989) are
described as granites, granodiorites, and tona-
lites. The principal minerals are quartz, plagio-
clase, and orthoclase. Varying amounts of
hornblende and biotite are present; however,
the unit is relatively poor in mafic minerals and
may be considered as a leucogranitoid. Accesso-
ries are apatite and opaque minerals.

Kerkenez granitoid

The Kerkenez granitoid is located along the
northeastern part of the Yozgat Batholith; it
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encompasses an area of ~130 km?2. The unit
consists principally of HBG; hornblende almost
always is more abundant than the biotite, Along
the northwestern portions of the granitoid,
HBG display a transition 10 MKG. The unit is
crossed by several NE-SW-irending fractures
in the northeast. Around its southeastern mar-
gins, extensive mylonitization and epidote-
filled fractures are observed in faulted rocks.
The northwestern, southwestern, and southern
boundaries are faulted as well. An upper Creta-
ceous pink pelagic limestone-radiolarite-basalt-
diabase assemblage of ophiolitic mélange
occurs along its western and southern borders;
alongits southern boundaries, outcrops are few,
but skarns and hornfelses are present.

In its southeastern portion, thin aplitic dikes
cut the granitoid. The granitoid is bounded by
the ophiolitic mélange on the west and south-
wesl and is covered by Eocene (7} andesites and
sandstones on the south and by an Eocene
sandstone-marl alternation on the north.

The samples studied by Yardimeilar (1995)
are described as granites and quartz monzo-
nites. Principal minerals are quartz, orthoclase,
plagioclase, and hornblende. Clinopyroxenes
are present in small amounts; accessories are
sphene, allanite, zircon, garnet, apatite, and
opaque minerals.

Karlitepe granitoid

The Karlitepe granitoid is localed on the
northeastern margin of the Yozgat Batholith; it
covers an area of ~20 km?2. The unit consists
principally of fine-grained felsic rock and horn-
blende granite; locally it includes mylonitic
bands. Fine-grained felsic rock appears to be
the shallow facies of the granitoid. The
Karlitepe granitoid is bounded by NE-
SW-trending faults; it is covered by Eocene
conglomerates-sandstones  and  Miocene-
Pliocene continental clastics; along the eastern
edge, andesitic-dacitic-rhyolitic voleanies over-
lie the granitoid, and the volcanics are overlain
by Eocene conglomerates and sandstones; on
the northern edge, an Eocene marl-lignite-sand-
stone containing a fragmented voleanic rock-
biturminous marl assemblage is found.

Ocakli granitoid

The Ocakli granitoid is situated in the eastern
parl of the Yozgat Batholith; it crops out as
several blocks, and covers ~50 km?2. The unit
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consists principally of HBG and hornblende
quartz monzonite, The HBG include a small
amount of alkali-feldspar megacrysts in the
west. The Ocakli granitoid intrudes the meta-
morphic units along the north and east; silicifi-
cation and recrystallization are observed along
the boundary with the marbles with graphite
flakes. The unit is cut by quartz veins and by
aplitic alkali-feldspar granites. Individual out-
crops of the unit are surrounded by Mio-
cene—Pliocene continental clastics.

Principal minerals in the samples are quartz,
orthoclase, and plagioclase. Hornblende, bio-
tite, and muscovite are present in varying
amounts, with sphene and opaque minerals as
a00essories.

Gelingiillii granitoid

The Gelingiillii granitoid oceupies the south-
eastern part of the Yozgat Batholith, covering
~T70km?. The unit consists principally of HBG;
hornblende is commonly more abundant than
biotite. The rocks rarely include enclaves; feld-
spars locally display lineation. In the north-
western outerops, MKG is ohserved; here, NW-
SE-trending faults, shear zones, and mylonitic
bands also ocecur. The northern and western
boundaries are with units of the Central Anato-
lian ophiolite (basalt-diabase-gabbro-serpentin-
ized peridotite). Quartz syenitic and aplitic
dikes cross the granitoid. The central parts of
the unit are weathered more extensively and are
covered by Miocene-Pliocene weakly consol-
idated continental clastics. The unit is uncon-
formably overlain by an Eocene fossiliferous
(nummulitic) gray-white tuffaceous sand-
stone-light brown sandy limestone-yellowish
brown sandstone assemblage on its south-
western edges; basaltic lava flows are observed
locally within the Focene sediments. The
southern edge is covered by the continental
clastics of the Kizilirmak Group.

Samples studied by Giildogan (1995) are
described as granites; the prineipal minerals are
quartz, orthoclase, and plagioclase. Horn-
blende, biotite, and muscovite are present in
varying amounts, with sphene and opaque min-
erals as accessories,

Sivritepe granitoid

Sivritepe granitoid constitutes the south-
eastern edge of the Yozgat Batholith, covering
~30 km?. The unit consists mainly of HBG.
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TaBLE 2. Major-Element Chemical Analyses of the Yozgat Batholith, wt%

Sample no.  Type!  Si0, Ti0, ALO, Fe0, Mn0O MgO Ca0 Na0 K,0 P,0, 101  Total

CANK-1A  GRD 6621 046 1375 477 0.00 1.72 1.69 3.31 384 n.a. 0.97 99.72
CANEK-2A QD 5892 (5l 16.26 6,46 0.00 3.07 745 3.54 3.08 n.a. 0.66 9995
Y1 GR 7393 026 1377 348 0.07 0.06 0.34 3.10 4.48 0.09 (.33 99.9]
Y5 GR 7305 006 1359 111 0.10 0.19 0.50 3.66 4.53 0.03 0.79 99,61
Y10 GR 71.99 0.4 14.43 0,58 0.02 0.07 0.46 3.90 4.77 0.02 0.27 99.55
Y-16 TO 7498 011 1405 147 (.03 0.28 0.94 7.03 .34 0.03 .75 100.01
Y22 GR 7297 004 1425 003 .10 0.02 0.49 405 4.35 (.02 0,66 99.98
Y-29 TO 7485 014 1351 189 0.03 0.25 0.79 7.04 0.67 0.02 L84 100.03
Y57 GRD 70,89  0.31 14.40 270 0.09 163 0.16 3.81 2.16 0.02 3.08 99,55
Y-B9 GRD  7L24  0.20 15,12 2.46 0.11 0.83 1.82 3.97 3.68 0.06 .52 100,01
Y122 TO 63.56  0.52 1455 643 0.22 1.99 2.91 .40 0,57 0.22 0.59 99.96
Y-124 GR 7497 0.05 1525 237 0.04 0.17 0.30 3.40 3.76 0.03 0,33 100.83
KERK-7 GR 6E.88 0.7 15.18  3.56 .06 .44 3.00 2.84 219 0.17 0,38 100.49
KERK-23 R 6895 057 1469 328 0.05 0.46 2.2 3.13 344 0.13 108 99.99
KERK-28 GR 6895 0.76 1529 315 0.05 .34 3.16 2.58 5.14 0.11 0,45 99,98
KERK-29 GR 6033 072 1548 3230 0,09 0.45 2.69 2.83 3.46 0.13 0.48 10096
KERK.62 GR 68.60 044 16,18 3.84 0.09 .60 331 2774 4.52 0,12 0,40  100.84
KERK-63 GR 68.65 053 1593 3.36 0.06 0,60 AT 2.57 3.75 015 0.57  100.02
KERK-64 GR 7082 037 1484 319 0.03 (149 2,99 2.32 4.20 0.15 0.61 10001
KERK-65 GR 67.33 096 1547 374 0.12 0.71 3.93 2.7 4.65 (0,10 0,35 10035
KERK-66 GR 67.60 086 1575 327 0,06 .44 3.69 3.07 4.68 011 (.60 100,66
KARLI-3A M 6220 050 1396 457 0.05 1.94 8.57 3.209 .57 0.03 .21 100.98
OCAK-34 GR 68.72  1.07 1691 1.29 0.04 0.96 291 2482 4.37 n.a. 0,92 100.01
OCAK-35 GR Bo.60 117 16,07 1.86 0.12 1.85 223 3.14 5.23 na. 0.72 90.99
GELIN-3 OM 6628 068 1609  1.64 0.06 176 1.45 3.65 4.65 n.a. 0,75 100.01
GELIN-4 GR 6878 098 1489  1.63 0.06 1.45 3.84 287 4.20 mn.a. 1.03 90,732
GELIN-17 CR 6771 046 1577 Lae .05 1.1 2.68 3.25 5.25 n.a. 2.32 499,96
GELIN-18 GR 7226 097 1437  L70 0.07 1.01 3.08 2.45 4.38 n.a. 0.81  100.90
GELIN-19 GR 7205 059 1294  1.29 0.03 0.71 273 3.07 1.93 n.a. 2,14 10048
GELIN-20 GR 6860 1.0 17.14 |34 (106 (.75 271 2.58 4.85 n.a .87 99,99
GELIN.22 GH 7262 048 1341 134 (.05 1.31 224 3.06 4.84 .. 066 100.01
SIVRI-10 oM h3.00 0.6 1522  4.45 0.12 3.04 .41 2.39 1.66 n.a. .58 100.57
SIVRI-I1 M 61,52  1.08 1623 4.9 0.10 110 712 3.02 5.64 n.A. 062 10062
SIVRI-12 GR 6505 080 1672 3.3] 0.07 0,42 4.54 2.97 1.81 mn.a. 1.30 99.99
SIVRI-13 oM 6024 054 1607 4.01 0.09 1.12 4.70 3.27 4.85 .. (.53 100,52
SIVRI-14 oM 6391 070 1611 444 .09 L.27 5.34 3.37 4.77 n.a. 0,52 10052
SIVRI-15 GR 69.86 083 1467  3.24 0.08 0.77 3.09 293 4,72 mn.a. 0,74 100.74
SIVRI-16 oM 6435 107 1652 4.08 0.09 1.06 4.45 3.22 5.14 T (.59 10057

'GR = granite; QM = quarte monzomte; M = monzonite; GRD = granodiorite: QD = quartz diorite: TO = tonalite; na. =

not ;1r|zl|yzed.

Hornblende generally is more abundant than
biotite; biolites are dominant only in the south-
ern parts. The feldspars in granites display dis-
tinct lineation (N40°FE or N45-50° W),

On the south, coarse-grained muscovile-
bearing granite intrudes marbles and is
intruded by fine-grained granodiorites with
hoth metamorphic and granitic enclaves;
monzogranites with lineated feldspars repre-
sent the youngest intrusion, The unit is sur-
rounded and overlain by the continental
clasties of the Kizilirmak Group.

Samples studied by Tokgéz (1995) are
described as granites and quartz monzonites.
The principal minerals are quartz, orthoclase,
and plagioclase; hornblende is the only mafie
mineral, except in one sample where biotite is
the only mafic mineral. Accessories are sphene
and opaque minerals.

Mugalli granitoid

The Mugalli granitoid crops out as a separate
body east of the Yozgat Batholith and covers
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TaBLE 3. Trace-Element Analyses of the Yozgat Batholith, ppm

Sample no.  Type Rhb Ba Sr Ga Ta Nb Hf Zr Y Th 8]

Y5 GR 606 139 17 m.a. 280 270 3.60 116 16 14.20 4.60
Y-10 GR 683 116 12 . 280 31.0 3.30 134 14 14.40 5.00
Y-16 TO 137 143 90 n.a 3.60 250 4.90 270 18 A.00 1.90
Y-22 GR 522 118 12 n.a 280 220 A.60 171 12 16.80 4.20
Y-29 TO 158 104 50 n.a 460 240 5.20 400 14 9.20 2.10
Y-89 GRD 230 187 103 na 200 210 3.00 115 15 5.80 2.30
Y-122 TO 116 193 161 ma 2.20 9.0 9,30 83 12 14.20 0.80
KERK-29 GR 252 944 623 22 n.a. 18.0 n.a. 227 12 52.00 n.a.
KERK.-63 CR 202 1150 725 2] n.a. 16.0 n.a. 248 7 53.00 ..
KERK-64 GR 202 1270 209 21 M.d. 16.0 n.a. 268 18 41.00 n.a.
KERK-65 GR 235 1317 937 22 4. 19.0 n.a. 287 18 48.00 .
KERK-66 CR 231 1225 881 24 n.a. 19.0 n.a. 301 19 50.00 Tht.
SIVRI-10 oM 159 1028 1108 23 n.a. 25.0 n.a. 336 36 20.00 m.a.
SIVRI-11 M 190 1235 1456 22 .a. 20.0 n.a. 283 34 24.00 n.a.
SIVRI-13 QM 189 805 1077 21 n.a. 24.0 .. 311 28 31.00 I
SIVRI-14 0OM 1490 B90 1037 22 N, 23.0 n.a. 303 fi 33.00 ma.
SIVRI-15 CH 185 Log 1067 22 .. 22.0 n.a. 287 26 42.00 it
SIVRI-16 oM 197 1198 1226 &3 n.a 24.0 n.a. 293 28 41.00 n.a.

~15 km?. The unit consists of hornblende gran-
ite. It intrudes metamorphic rocks on the
south, and is covered by sandy-fossiliferous
(nummulitic) limestones of the Eocene Mucur
Formation on the north and east and by Mio-
cene-Pliocene continental clastics on the west,

Mitkremin syenitoid

The Mitkremin syenitoid crops out northeast
of Sorgun, encompassing around 5 km?. The
unit cuts hornblende granites, is crossed by
rhyolitic dikes, and is covered by Miocene-
Pliocene continental clastics. The principal
components of the syenite are perthitic ortho-
clase, plagioclase, and hornblende. The rock is
light gray-gray-pink in coloration, is medium
grained (1-10 mm), and has a holocrystalline-
granular lexture,

Geochemistry

Analytical data for the Yozgat Batholith
include: (1) 2 samples from the Yerkéy-Sefaatli
granitoid, collected around the fluorite oceur-
rence northwest of Sefaatli (Bayramgil, 1953);
(2) 10 samples from the Yozgat granitoid
(Dalkilic, 1985; Erler et al., 1989); (3) 9 sam-
ples from the Kerkenez granitoid (Yardimeilar,
1995); (4) 1 sample from the area of the
Karlilepe granitoid (Boztug, unpubl. data); (5)

2 samples from the Ocakli granitoid (Giildogan,
1995); (6) 7 samples from the Gelingiillii grani-
toid (Giildogan, 1995); and (7) 7 samples from
the Sivritepe granitoid (Tokgbz, 1995) (Tables
2-4).

In the classification diagram of Debon and
Lefort (1983) (Fig. 4) Yerkdy-Sefaatli samples
are granodiorite and quartz diorite, and they
plot in the metaluminous region (Fig. 5). Yozgat
samples plot in granite-adamellite-granodiorite-
tonalite fields, dominantly in the peraluminous
region, Kerkenez samples are granites and ada-
mellites; they plot dominantly in the meta-
luminous field. The Karlitepe sample is a
metaluminous monzonite. Ocakli samples are
granite and adamellite; they are metaluminous
and peraluminous. Gelingiillii samples are prin-
cipally adamellites with a few samples in the
neighboring fields of granite and quartz mon-
zonite; they are principally metaluminous.
Sivril(rpe samples are adamellites, quartz mon-
zonites, and monzonites and plot in the meta-
luminous field. Analyses of almost all the
samples studied plot in the subalkaline region
on the TAS and in the calcalkaline region on the
AFM diagram of Irvine and Baragar (1971)
(Figs. 6and 7).

The Kerkenez and Sivritepe samples plot in
pre-plate collision and post-collisional uplift
fields of the tectonic discrimination diagram of
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TasLe 4. REE Analyses of Yozgat Batholith, ppm
Sample no.  Type La Ce Pr Nd Sm Eu Gd Th Dy Ho Ex Yb Lu
Y5 GR 85 131 1.0 39.00 580 150 A70 060 810 130 380 430 030
Y10 GR 121 |32 99 4200  7.00 200 520 030 550 L70  380 230 0.20
Y-16 TO 124 134 13.0 4200 610 200 730 090 820 190 490 470 0.30
¥-22 GR 111 126 6.3 3000 650 120 400 040 680 130 3240 320  0.20
Y-29 TO 89 146 17.0 37.00 10,00 200 490 090 600 170 570 450 030
Y-80 GRD 110 168 110 2600 7.00 090 680 080 540 0850 320 L70  0.20
Y122 TO 92 174 17.0 5500 950 190 750 070 620 080 380 240 020
KERK-63 GR 7 80 na 1800 na n.a. i T.a. n.a. n.a. i . n.a.
KERK-64 GR 66 98 na 2500 na .. n.a. 1.4 m.a. n.a. n.a. n.a. T4
KERK-65 CR 6] 10 . 37,00 na, n.a. . n.a, n.a. n.a. i n.a. n.a.
KERK-66 GR 57 108 na 2500 na n.a. n.a. 1. na.  na n.a. . 1.a
SIVRI-10 oM 70 138 na 5800 na na. na. na ma. nd. na N Tl
SIVRI-11 M 4] 143 na, 4400 na . n.a. n.a. n.a. .. n.a. n.a. n.a.
SIVRI-13 oM 66 7 pma 2800 na na ma na ona na oA na ma
SIVRI-14 oM 61 122 na 5500 na T na.  ILa. . na. na na T
SIVRI-15 CR 66 89 na, 32,00 na 1n.a, e n.a. n.a. n.u. na .. n.a.
SIVRI-16 OM a7 7 na 3700 na  na na na i na na. ona ona
a0 T T
Metaluminous
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Tic. 4. Q-P classification of the granitoids from the
Yozgat Batholith. Symbols are the same as those in Figure 3.
Modified from Debon and LeFort (1983, Fig. 1)

Batchelor and Bowden (1985) (Fig. 8). The
ORG-normalized trace-clement patterns for
Kerkenez and Sivritepe samples (Fig. 9) are
almost identical: K,0, Rb, Ba, and Th all are
more than 10 times the ORG abundances.
resembling post-collision granites; Nb and Ce
are similar to ORG, and 7r and Y are less than
ORG. The Yozgat samples plot in a syn-collision
field (Fig. 8). The ORG-normalized trace-ele-
ment pattern (Fig. 9) of this group with peaked
abundances for K,0, Rb, and Th also resembles
syn-collision granites if compared with the pat-
terns given in Pearce et al. (1984, Fig. 1). The
pattern, however, clearly differs from the other

Fic. 5. Shand Index diagram (Maniar and Piceoli, 1989,
Fig. 2) for the granitoids [rom the Yozgat Batholith. Sym-
bols are the same as those in Figure 3.

types in that they are at least twice as enriched
in Rb but are depleted in Ba, Th, Hf, and Zr.
Yozgat and Kerkenez analyses are in the VAG
+syn-COLG field of the trace-element tectonic
discrimination diagrams of Pearce et al. (1984).
The Sivritepe analyses are in the WPG field on
Y-Nb plots (Fig. 10). On the Y + Nb-Rb plots of
the Yozgat samples, granites and granodiorites
are in the syn-COLG field, tonalites are in the
VAG field, Kerkenez samples are in the VAG
field, and Sivritepe samples are divided into
VAG and WPG fields, close to the triple
junction, suggesting post-collision granites

(Fig. 11).
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Fic:. 6. Total alkalies vs. silica plot of the granitoids from
the Yozgal Batholith. Symbols are the same as those in
Figure 3. Modified from Irvine and Baragar (1971, Fig. 3).
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Fic. 7. AFM diagram of the granitoids from the Yozgat
Batholith. Symbols are the same as those in Figure 3.
Modified from Irvine and Baragar (1971, Fig. 2).

The difference between the Yozgat samples
and the rest is further underscored by trace-
element ratios, such as Zr/Sr and Zr/Y (Figs.
12 and 13), and average Th (Yozgat: 10, Ker-
kenez: 50, Sivritepe: 33), Sr (Yozgat: 63, Ker-
kenez: 795, Sivritepe: 1160), Ba (Yozgat: 143,
Kerkenez: 1180, Sivritepe: 1044), and total
REE contents (Tables 3 and 4).

Diseussion and Conclusions

The Yozgat Batholith is located along the
northernmost edge of the Central Anatolian
Crystalline Complex, which is believed to repre-
sent the passive margin of the Tauride-Anato-
lide Platform, facing toward the Izmir-Ankara
branch of the Alpine Neotethys. It is commonly

ERLER AND GONCIUOGLU
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Fic. 8. R1I-R2 tectonic diserimination diagram for the
granitoids from the Yozgat Batholith. Symbols are the same
as those in Figure 3. Modified from Batchelor and Bowden
(1985, Fig. 10).
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F16. 9. Trace-clement spidergram of the granitoids from
the Yozgat Batholith.

accepted that this oceanic basin was closed by
northward subduction during the Late Creta-
ceous; the geodynamic evolution of the north-
ern and active margin in the Pontides has been
well documented by detailed petrological work
(for references, see Tokel, 1996), The geology
and petrology of the southern and passive mar-
gin, however, are relatively less known.

In previous evolutionary models, which
mainly lack detailed geochemical data, the plu-
tonic rocks in the northern part of CACC were
interpreted in three quite different geodynamic
settings: (1) Goneciioglu et al. (1992, 1993) and
Gonciioglu and Tiireli (1993, 1994), relying on
the preliminary geochemical data of Erler et al.
(1989, 1991), suggested that the granitoids in
this area were generated by the collision of an
ensimatic arc within the main body of the

CACC: (2) Tiiysiiz et al, (1995) ascribed the
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Fic. 10. Nb-Y tectonic discrimination diagram for the
granitoids from the Yozgat Batholith. Symbols are the same
as those in Figure 3. Modified from Pearce et al. (1984,
Fig. 3).
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Frc. 11. Rb - Y + Nb tectonic diserimination diagram for
the granitoids from the Yozgat Batholith. Symbols are the
same as those in Figure 3. Modified from Pearce et al. (1984,
Fig. 4).

formation of the granitoids to the Late Creta-
ceous—Paleocene southward subduction of the
Izmir-Ankara oceanic plate beneath the CACC
and related arc-type magmatism; and (3)
Boztug (unpubl. data) suggested thal the grani-
toids in the Yozgat area were formed by partial
melting of a deep-seated pre-Early Tertiary
magmatic arc pluton during the Early Tertiary,
as a result of the collision of the Pontide and
Kirsehir (Tauride-Anatolide) blocks.

The Yozgat area was chosen for the study of
the geochemical characteristics of granitoids,
and thus their teclonic setting, to test the
proposed geodynamic models in the northern
part of the CACC. Detailed geological work on
the plutonic rocks in the northern part of the
CACC reveals that the Yozgat Batholith, pre-

Fic. 12. Zr vs. Sr plot for the granitoids from the Yozgat
Batholith. Symbols are the same as those in Figure 3.
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Fic. 13. Zr vs. Y plot for the granitoids from the Yozgat
Batholith. Symbols are the same as those in Figure 3.

viously considered as a single pluton, may be
subdivided into several mappable units
bounded by Cretaceous ophiolitic mélange,
Eocene cover, and/or faults. These subunits
are, from west to east: Yerkdy-Sefaatli, Yozgat,
Kerkenez, Gelingiillii, Karlitepe, Ocakli,
Sivritepe, Mitkremin, and Mugalli, all of which
differ slightly in mineralogical and chemical
composition. Most of the subunits of the Yozgat
Batholith are principally metaluminous monzo-
granites of subalkaline-calcalkaline character;
however, detailed geochemical data suggest the
presence of two distinet subunits in the Yozgat
Batholith: (1) Yozgat-type; (2) others.

The Yozgat granitoid samples are per-
aluminous and of the S type, containing biotite
= garnet as mafic phases. They differ in their
trace-element and REE contents and Zr/Sr and
Zr/Y ratios, clearly indicating a difference in
origin. Their average Rb/Zr ratio is relatively
high (>2.5, like the syn-collision granites)
(Harris et al., 1986) in comparison lo the
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Fic. 14. REE spidergram of the granitoids from the Yozgat
Batholith,

monzogranitic types (Rb/Zr ratio of Kerkenez
= 0.8, Sivritepe = 0.6, like the syn- to post-
collisional granites) (Harris et al., 1986). The
Yozgat-type granitoid displays lower Rb and
higher Sr and Ba values (Tables 3 and 4; Fig. 9),
which also are used to differentiate leucogran-
ites from monzogranitic derivatives in the
Himalayas (LeFort, 1981). Furthermore, these
rocks, with their relatively weak fractionation
of REE and considerable Eu anomalies (Fig.
14), give a pattern similar to Hercynian grani-
toids, for which a predominantly metasedimen-
tary source was proposed (Vidal et al., 1982).
The I-type granitoids are distinguished by their
hornblende =+ biotite contents and post-colli-
sional characteristics, unlike the syn-colli-
sional geochemical features of the S-type ones.

No radiometric age data exist for the grani-
toids of the Yozgat Batholith. Field data indi-
cate intrusion into fossiliferous Turonian-
Campanian pelagic limestone of the Central
Anatolian Ophiolitic Mélange, and thus a post-
Campanian age; the earliest fossils in the cover
are uppermost Cretaceous-Early Paleocene,
and thus suggest a pre-Paleocene age. The con-
tacts between the I-type and S-type granitoids
in the study area are commonly faulted and/or
covered, so that the relative ages of the single
intrusions are not directly observable. Regional
work, however, suggests that the S-type grani-
toids represent the earlier phases (Génciloglu
etal., 1991, 1992; Akiman et al., 1993), which
is conformable with the existing radiometric
age data from the CACC; S-type syn-COLG
granite ages range between 85 and 110 Ma
(Gonciioglu, 1986; Giilec, 1994); L-type post-
COLG granite/monzonite ages, however, are

ERLER AND GONCUOGLL

~70 Ma (Ataman,
1988).

Using the geochemical data, together with
the tectonic discrimination diagrams and the
regional geological framework, we suggest that
the granitoids of the northern edge of the CACC,
and thus the passive margin of the Tauride-
Anatolide Platform, are collision related. The
earlier intrusive phase, represented by per-
aluminous, S-type leucogranites of the Yozgat
type, displaying geochemical characteristics of
syn-COL granitoids, are formed by the partial
melting of the upper crustal rocks of the Tau-
ride-Anatolide Platform. This partial melting
may have been caused by crustal thickening
resulting from the southward emplacement of
ophiolitic (accretionary wedge and oceanic
lithosphere) and crustal (slope and part of the
platform) units onto the Tauride-Anatolide
Platform during the closure of the Izmir-
Ankara branch of Neotethys. The subsequent
collision of an ensimatic arc, formed in the
intra-oceanic subduction zone of the Izmir-
Ankara ocean (Goneciioglu et al., 1991, 1992,
1993; Génciloglu and Tiireli, 1993), may have
been an additional cause for the crustal thick-
ening. This crustal thickening quite probably
was followed by extension that began as a result
of gravitational instability of the crust,
culminating in melting in the upper mantle, We
suggest that the CACC crust was sufficiently
thick that heat resulting from the ponding of
magmas at the crust-mantle boundary triggered
melting of the lower crust to produce post-
collisional I-type monzogranites in the Yozgat
area. The mantle inpul, suggested as an expla-
nation for similar plutonic bodies in the CACC
(Giilec and Kadioglu, 1995), may be explained
with this model by the dehydration melting of
the subcontinental lithosphere, which does not
necessitate a subduction component, as pro-
posed by Tiiysiiz et al. (1995). The absence of
mafic components as discrete plutons or dikes
in the field can be used as an additional feature
to distinguish the Yozgat pluton from subduec-
tion-related massifs.

1972; Giindogdu et al.,
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