Bull. Min. Res. Exp. (2020) 162: 55-74

Bulletin of the Mineral
Research and Exploration

http://bulletin.mta.gov.tr

Geochemical characteristics of the Eocene Karatas volcanics (Northeast Sivas, Turkey) in
the izmir-Ankara-Erzincan Suture Zone

Oktay CANBAZ*'®, Ahmet GOKCE*®, Taner EKICI*® and Hiiseyin YILMAZ®

3Sivas Cumhuriyet University, Department of Geological Engineering, 58140, Sivas, Turkey
bSivas Cumhuriyet University, Department of Geophysical Engineering, 58140, Sivas, Turkey

Research Article

ABSTRACT

Karatas volcanics, is the product of Eocene volcanics crop out in the form of two belts along
the northern and southern boundaries of the Izmir-Ankara-Erzincan Suture Zone. According to
geochemical data, these volcanics have alkaline basic-intermediate character and consist of basaltic
trachyandesite, trachyandesite and trachyte. This volcanic activity has been controlled by fractional
crystallization and crustal contamination from basaltic trachyandesite to trachyte. Orientation of the
samples towards amphibole area on the Rb/Sr - Ba/Rb ratio diagrams, dispersion of the Zr/Ba ratios
(0.08 - 0.33) in the lithospheric mantle range, increase in the Ba/Rb ratio, decreases in the MgO, Ni
and Cr contents point out that this volcanism originated from enriched lithospheric mantle rather
than asthenospheric mantle. Geochemical data show that this enriched lithospheric mantle material
is upper continental crustal material, main part of enrichment resulted by the subduction related
fluids and also the contribution of the sedimentary materials. This situation may be explained that;
the melts, derived from N-MORB or OIB bearing material ascended into the continental crust in a
pre-collisional period and were reactivated by extensional tectonic and/or delamination processes
Received Date: 07.03.2019 during the post-collisional period, possibly caused the partial melting within the upper continental
Accepted Date: 25.12.2019  crust and produced the Karatas volcanics.
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1. Introduction

[zmir-Ankara-Erzincan Suture Zone (IAESZ)
which is one of the most important tectonic units
of Turkey, separates the Sakarya continent from the
Kirsehir block in the northern part of central Anatolia.
Products of Eocene volcanism cover large areas along
the northern and southern border of this suture zone.
(Figure 1). These volcanics have been studied by a
number of researchers (Yilmaz and Tiysiiz, 1984;
Biiyiikonal, 1985; Tiiystiz and Dellaloglu,1992;
Yilmaz et al., 1994, 1997; Alpaslan and Terzioglu,
1998; Alpaslan, 2000; Kogbulut et al., 2001; Keskin

et al., 2008; Akcay et al., 2008; Dalkili¢ et al., 2008;
Atakay Giindogdu, 2009; Goriir vd., 2010; Tiryaki and
Ekici, 2012; Ak¢ay and Beyazpiring, 2017; Go¢mengil
et al., 2018). And, various models have been proposed
for the origin of these volcanics which outcrops from
west of Sivas to Cankirt and Corum; development
in the compressional regime (Bozkurt and Kogyigit,
1995; Tiiysiiz et al., 1995; Goriir and Tiiysiiz, 1997;
Gortir et al., 1998; Kaymakgr et al., 2003; Okay and
Satir, 2006), slab break off oceanic lithosphere in
the North plunging subduction environment (Keskin
et al., 2008), development in the post-collisional
regime (Geng and Yilmaz, 1997; Keskin et al., 2004;
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Figure 1- a) Tectonic map showing main sutures and continental blocks (Okay and Tiiysiiz, 1999) and b) regional geological map (Revised

from MTA, 2002).

Altunkaynak and Dilek, 2006; Altunkaynak, 2007),
crustal thickening (Topuz, 2005), crustal delamination
and lithospheric subduction (Temizel et al., 2016;
Yiicel et al., 2017; Gogmengil et al., 2018).

Karatas volcanics are located in the area between
Zara, Imranl and Susehri towns at the east of Sivas,
on the IAESZ. In this study, petrographic and
geochemical characteristics of Karatas volcanics
have been investigated to be able to determine their
source and formation environment, comparing the
obtained results with those of rocks from different
sources and volcanic rocks occurred in different
tectonic environments, and give help to understanding
geodynamic evolution of the region during Eocene.

2. Geology of the Study Area

Paleozoic metamorphic rocks (Tokat massif in
the north and Akdagmadeni metamorphics in the
south) and tectonically overlaying ophiolitic rocks
with Upper Cretaceous emplacement age (Refahiye
ophiolite melange) form the basement of the study area.
Eocene Akincilar Formation consists of alternations of
sandstones and volcanic materials-siltstone interlayers
discordantly overlie these units (Yilmaz et al., 1985).
Eocene Karatas volcanics (Yilmaz et al., 1985) cut
and overlie this formation and the basement rocks.
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Lutetian Kdsedag syenite (Kalkanci, 1974; Yilmaz et
al., 1985; Basibiiyiik, 2006; Boztug, 2008; Eyiiboglu
et al., 2017) intruded all these units. In places younger
volcanics and sedimentary units discordantly overlay
Karatas volcanics and Kosedag syenite (Figure 2-3).

Karatas volcanics with basaltic-andesitic lavas
and pyroclastics (agglomerates and tuffs) cover large
areas in and around the study area. Andesitic rocks
in general have greenish-black, altered parts have
yellowish-brown colour. Depending upon cooling and
regional tectonics they are heavily fractured. Quartz
and calcite filled gas cavities (vesicular texture) are
seen macroscopically in various parts of the study area.
Rocks with basaltic composition are greyish-black
in generally, altered parts have yellowish colours,
massive structure are dominated and flow structures
are developed in some places. The base levels of
the pyroclastic rocks consist of light green colored,
hard and compact agglomerates, while the upper and
middle levels are loose and easily disintegrable tuffs.

3. Age of the Volcanism

Karatas volcanics cut the Akincilar formation
which contains Eocene fossil at the outcrops in the
Aluglubel area at the north of Zara (Yilmaz et al,,
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Figure 2- Geological map of the study area (Revised from Kalkanci, 1974; Y1lmaz et al., 1985; MTA, 2002; Basibiiyiik, 2006; Ozdemir, 2016;

Canbaz et al., 2018).

1985). These units have been intruded by Kdosedag
syenite. Kalkanct (1974) estimated the age of syenite
as Upper Eocene with Rb-Sr method; Boztug et al.
(1994) estimated the age as Ypresian with Zircon
27Pb/2Pb  method; Bagibiiyiik (2006) estimated
Lutetian age with K-Ar method on alunites and
Eyiiboglu et al. (2017) estimated same age with zircon
U-Pb method. All these data indicate that the age of
volcanism was younger than Lutetian and not older
than Lower Eocene. In this study, the age of Karatas
volcanics has been considered to be Middle Eocene.

4. Analytichal Methods

Representative rock samples were collected during
the field study for petrographic and geochemical
investigations. In addition, representative core
samples were taken from the drillings carried out
by MTA (General Directorate of Mineral Research
and Exploration). Thin sections of these samples
have been studied (with the criteria’s described by
Moorhouse, 1969; Erkan, 1972, 1994; MacKenzie
and Guilford, 1980; Yardley et al., 1990) using
polarizing microscope. Following thin section studies,
representative 24 unaltered samples were selected for
geochemical analyses. These samples were crushed
and powdered in the laboratory to prepare for the
analyses. Major element analyses of the samples were

carried out in the ACME laboratory in Canada by
using ICP-ES (inductively coupled plasma emission
spectrometer) and ICP-MS (inductively coupled
plasma mass spectrometer) spectrometers. ICP-ES
spectrometer was used for major and trace element
analyses. 0.2 gr powdered samples were mixed with
1.5 gr LiBO, then heated to 1050 °C to have the
dissolved mixture. The mixtures were dissolved in a
100 ml %5 HNO, liquid, then were evaporated and
then were analysed with ICP-ES spectrometer. The
samples prepared for the above mentioned analyses
were also used for the Rare Earth Element analyses
by using ICP-MS spectrometer. For the major oxides,
lower determination limit was 0.01%, for the trace
elements it varied between 0.01-1.0 ppm. During the
analyses in the ACME analytical laboratory GS311-1,
GS910-4, SO-19, DS-11, OREAS45EA and SY-4(D)
standards were used and analyses of 8 samples were
repeated. For the evaluation of the diagrams, GCDkit
3.0 program was used.

5. Results
5.1. Mineralogy and Petrography
Mineralogical and petrographical studies show

that Karatas volcanics have basaltic, andesitic and
trachytic mineralogical compositions. Rocks with
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Figure 3- Stratigraphic section of the study area.

basaltic composition have generally hypocristalline
porphyritic texture, and contain olivine, plagioclase,
pyroxene (augite) phenocrysts. Plagioclase microlites
and volcanic glass are also found in the matrix (Figure
4a-b).

Andesitic rocks consist of larger plagioclase
phenocrystals (1-3 cm) and finer grained mafic
minerals such as augites and hornblends comparing
with the basaltic rocks levels, (Figure 4c-d). Trachytic
rocks show holocrystalline and hypocrystaline
porphyritic  textures and contain plagioclase
and sanidine phenocrysts (Figure 4e-f). Besides
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plagioclase and sanidine microlites, pyroxene and
amphibole microlites are also present in the matrix of
the trachytes.

Some sieve textures developed around some large
plagioclase phenocrysts and the presence of small
plagioclase crystals with different extinction angle
within some thin sections of basaltic and andesitic
rocks of Karatag volcanics (Figure 4g-h) were accepted
as prints of magma-solid interaction and mixtures
of magmatic melts with different compositions (e.g.
Hibbard, 1991; Boztug et al., 1994).
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Figure 4- Microscopic characters of samples collected from various levels of Karatas volcanics. a-b) In basaltic
samples olivine and pyroxene phenocrysts matrix made of plagioclase microliths (sample no: OK-108,
cross/plane polarised light, c-d); plagioclase phenocrysts and microlites (sample no: OK-35, cross/
plane polarised light), e-f) in a trachyte sample sanidine phenocrysts and matrix made of sanidine and
plagioclase microlites (sample no: Ok-7, cross/plane polarised light), g) view of magma reaction textures
on plagioclase phenocrysts, h) view of plagioclases with different extinctions in plagioclase phenocrysts
(sample no: Ok-7, cross/plane polarised light). (Pl=Plagioclase, Px=Pyroxene, Olv=Olivine, Sa=Sanidine,
Om=Opaque Mineral).
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5.2. Geochemistry

Major, trace and rare earth elements contents
of Karatag volcanics are given in tables 1, 2, 3.
The samples fall in the basaltic trachyandesites,
trachyandesite and trachyte fields of the TAS diagram
(LeMaitre et al., 1989) (Figure 5). Most of the samples,
excluding 5 of them, of the rock groups fall above the
alkaline-sub alkaline (tholeiitic) separating line and
have strong alkaline character.

We have tried to compare and discuss the
geochemical characteristics of Karatag volcanics
with the results of the earlier works carried out on the
Eocene volcanics by Ak¢ay and Beyazpiring (2017)
and Go¢mengil et al. (2018) in the west of the study
area, between Yozgat and Sivas provinces.

Table 1- Major elements results of Karatas volcanics (weight %).

5.2.1. Major Elements Geochemistry

SiO, contents of Karatas volcanics show variation
in the range of 50.30-61.80% (basaltic trachyandesites
51.20-54.60%; 54.00-58.10%;
trachyte 61.80%).

trachyandesites

Some selected major oxides versus SiO, diagrams;
while CaO, Fe,0,, MgO and TiO, contents show
negative trend from basaltic andesites to trachytes,
Na 0, K0, ALO, and P,O, contents show positive
trends (Figure 6). Those indicate that negative trend
showing major oxides were used by the olivine,
pyroxene, calcic plagioclases and titanomagnetites
crystallized in earlier stage of crystallization and
separated from the melt, and these earlier crystallized
minerals did notuse much Na and K, so the meltbecame
enriched with Na and K showing positive correlation

g‘[’)‘:e'; SampleNo [SiO, |ALO, |Fe,0, |CaO |MgO |Na,0 |K,0 |MnO |TiO, |P,0, f*g'l’lsl:l‘;fl Total
0k-109 5240 1590| 796| 747| sa17| 3a8| 328 01s| 080 039 327| 99.48
Ok-114 5120| 1720 857| 7.82| 426 320 272 o010 097 038 306 99.70
Ok-120 5370| 1930 673 697| 271 355 284 o010 077] 047 256| 10041

g |ok-124 5260| 17.60| 879 9.06| 462| 332 208 015 082] 029 1.08| 99.93
-"-2 0k-193 5280| 1770 890| 7.59| 345 351 302] 017 089 041 149| 9998
% 0k-205A 5460| 1890| 6.06| 7.82| 283 340 296 o011 078 047 2.05| 100.16
[
£  |ok206a 5250| 1730 950 743| 497 317 240 o016 084 030 159 99.76
% 0k-210 5430| 1900 759 621| 266 378 299 023 077| 047 1.76| 100.53
&  |ok215B 5230 17.80| 9.18| 647| 479| 436| 220 o012 08s| 031| 206| 10028
0k-247 51.80| 18.10| 887| 7.97| 439 330 206 015 080 025 259 10030
0k-248 53.00| 1690| 855 6.10| 431 413 299 o010 084 033 3.05| 9991
0k-255C 5460 19.00| 696| 7.70| 3.06| 380 309 o011 o081| 046| 032 9933
0k-35 5400| 1930 s534| 682| 159 402 381 013] 072 045 315 9955
Ok-57 58.10| 18.60| 696| 296| 064 401 560 026 080 045 117| 99.47
Ok-58 5730| 2060| 579| 449 019 420 426 013 078 050 L14| 9974
. |Oks4 5450| 1870 995 01| 116 391 372 007 073] 046 053] 986l
E 0k-99 5550| 17.70| 559| 505 209| 392 454] 009 076 045 292 99.86
g |ok131A 5420| 1950| 6.46| 738 154 395 371 012 071 045 184 99.68
§ Ok-141 5550| 19.40| 805| s564| 110 401 385 008 073 046 086 99.80
= ok 5460| 1990| 672 643| 246 403 362 006 075 049 074| 100.08
0k-223 5470 1890 6.64| 579| 3.08| 368 334 0200 071 046| 258 99.73
Ok-244 5470 1950 578| s5.62| 134 407| 467 008 067 047| 283 10042
0k-253 56.60| 2040| 6.08| 457| 117 439 481 005 077| 050 1.08| 99.67
Trachyte | Ok-7 6180 16.60| 631 138 020 413 704 028 072 029 092 100.34

60



Bull. Min. Res. Exp. (2020) 162: 55-74

9'¢ 100 |I'0 Il |SY 6y yL P [ST9  |61€E (601 L'L 00T |09S1 |€€0T [¥'IT |6L €Ll 97T STl |LL6 L0 | Ahydeay,
s €00 |10 9 8¢ 81 144 14 0vCC |8°L61 |€ELL €e €0l |6ThL |0°1EL |LT1 |LY L8l |T¢ S8 08L €520
S0> |€00 |80 ¥'9 8Y [ ¥9 6'C 8¢S | E€vLL | Y01 LT 0’6 S'e€L9 |eTIl |1l |1V ySr|0¢C 0cl 009 Y0
'l Y00 | €0 09 66 6’1 8¢ (4% 8'EEL |6VEL |TWT |0 SL 6VLL |¥'T8 |T8 v'e yel LT 191 |€lol £¢T0
0c 100> |0 'L 9¥l |€T ¥01 L ey |Tovl |8IT  |0'€ 9L €658 (€16 (€78 9¢ 6'G1 (L1 I'ST | ¥EL (44 (6] 5
8¢ €00 (CT0 081 |19 [ 99 96 0Ol | €91 |€ELL Le €6 6'¢hL |LT0l |66 0¥ st |21 00l |¢c6L 71390 m
8¢ 00 [€0 9'8 SL 8¢ 9¢ 8Y ST |€8ST (091 Le I'6 SY8L [SL6 |96 6'¢ 6'S1 |80 01 | 269 VIEI-0 ,M.
8¢ 00 |81 06 ¥'9 e 0s1 s ol | VLIT |9l s el |Tees (oLel (Tel |96 6¢cl |T1 ¢l | v0L 66710 W.
9T ¥0'0 |60 I'6c |S°¢ 9'¢ 65 9L TS | 1091 |TLI [ €6 L'EEL |L'96 |86 6'¢ vyl (90 6 999 ¥8-310 i
91 100 |€0 st | YvL 81 69 9¢ 8'¢Cl |0 LT |LLI 9'¢ ¥'6 S8y9 [CEll [TOl |€F 6Ssl | Tl I'6 116 8510
L0 900 |I'T 9L L8 81 L9 0'¢ €Il [ I'PeT |LET Y &€l |L06E |€8EL |61 |8C 6l |S'1 el |98 LSO
6'¢ 100 [€0 0¥ 68 [ 143 I'v I {6291 | 691 Le €6 €T9L (€66 (€01 |0V €Sl |60 8Tl [SOL Se0
9T €00 |90 €9 L6 €C 143 0C 6'79C [¥orl |¥6l 0¢ €8 9'L9L |S'18 |66 S 9LT |80 8l |SIL DSSC310
Sl 100 |€0 o8l [Tvl |91 6l I'c 8'GET |L'LTL |SET €C L9 §9SS |699 |TL [ Lst 1T €ve 609 8Y¢10
¥l 00 |10 9'¢ Lot (L1 0¢ 1% 0'8CC [L'L8 |LLT 6’1 Sy ¥'LT9 [0TF  [8F e vyl |80 ¥'9¢  |9CS LYT0
[ w00 (T 6ce (0Tl |6'] 6¢ €S I'LLT (L°OIT [1SCT (N4 ¥'9 L'S9S L6y (L9 8T st vy 6'LC |LT9 as1¢30 &
80 100 (10> |€F 0Ll |TT 8¢ 8T €6l |SLST |ILT e 6 TTEL |S9L |96 8¢ 091 |60 99¢ | 169 01310 MJ.
1l 00 |T1 Ss ger (sl 0¢ 91 6°CCl |L'SOT |09C [ v's 869 |9y |8°¢C LT 8yl |80 I'LT  |LLET V902310 W
o
6T 00 |€0 Tyl o|sTr L1 8¢ €t L'TT | ¥9ST | L91 e 88 9CLL |6'€S |66 L'e LST €0 81 |S9L VS0Z10 ,m.
V'L w00 |¥0 L8 90l |LV 0s 98 o'orl |sevl |9¢T  |T'E L'L 8'80L |0VL |T6 Le LSt 190 y'1c | 809 €61-10 W
S0> |¥00 |TO0 ¥l yer L1 (43 L't €99 (886 |[SST L'l 0's LS9 |89y | S¢S 8T ovl {90 8'€C  |9IS 10 W
6’1 ¥00 |0 ge ' |61 €L €S 6'8€C | €VST | 851 (43 L8 TTrL | E€YS |001  |6°¢ Ssl S0 Sl [99L 02190
LT €00 (10 Ls €9l |L'1 S8 0’6 60T | TEEl | 96T ¥’ S9 8165 | €SS |68 9'¢ <yl |L0 €ve | 8SS 1498 (0)
'l SO0 |10 9'6e |88 |TT 6 3 0°6Cl |LTLL |€0T |V'E Y0l |T6cS |Te8 | €01 [€F €L | vl 19t |0ls 601-10
oN adSy
#*V | SH qas sV IN O uz qad no 1z A n L) IS A aN JH €D D o) edq ardweg -
'(qdd=,, ‘wudd) sorueojoa Sejesey] JO S)NSAI SJUIWI[D d0BI] -7 d[qeL

61



Bull. Min. Res. Exp. (2020) 162: 55-74

Table 3- Rare Earth Elements results of Karatas volcanics (ppm).

Rock Samplel  y.!' Ce| Pr| Nda| Sm| Eu| Ga| Tb| Dy| Ho| Er| Tm| Yb| Lu
type No
Ok-109 250| 474| s557| 225 471| 118| 448| 066| 3.76| 084 254 037| 246| 037
Ok-114 23.0| 45.1| 5.19| 214| 469| 122| 428| 063| 3.69| 076| 236| 032] 224| 034
0k-120 273| s2.8| 5.83| 233| 447| 127| 424| 063| 3.49| 077| 233 033] 2.14| 036
o |Ok-124 18.1| 350| 4.08| 17.6| 357| 1.07| 3.72| 058] 338| 072| 208| 030 1.81]| 031
% 0k-193 246| 489| 556| 215 469| 131] 472| 069| 391| 084| 245| 035 242| 037
_% Ok-205A | 272| 529| 596| 242| 458| 129 450| 0.68] 3.87| 079] 233 032| 2.19| 034
% Ok206A | 19.9| 362| 447| 187| 421| 1.18| 420| o061| 3.58| 074 2.17| 031] 2.06| 031
% 0k-210 28.1| 533| 6.08| 254| 494| 130 459| 067| 377| 071| 241| 033 221| 035
= lokais | 201 303| 462| 194] 400 114| 390| o059 348] 073| 211| 020] 196| 028
Ok-247 164| 314| 3.62| 150 322| 1.03| 341| 051| 295 062] 1.80| 024| 1.74| 028
0Ok-248 209| 41.0| 469 193] 397| 115| 4.18| 063| 3.84| 077| 230| 032] 2.14| 034
Ok-255C | 26.8| 53.1| 589| 23.6| 458| 131] 438| 065| 3.65| 077| 234| 036| 232| 035
0k-35 272| 527 590| 23.0| 472| 126| 433| 063| 373| 076| 232| 035| 224| 035
Ok-57 37.6| 679 7.76| 31.0| 6.10| 147| 560| 082| 489 1.07| 3.01| 046| 3.01| 046
Ok-58 298| 532| 641| 26.1| 490| 140| 465 070| 398| 077| 259| 033 230| 037
Ok-84 263 507| 573| 217| 449| 122| 419| 065| 3.77| 077| 241| 034] 240| 036
% 0k-99 334| 626| 7.03| 280| s556| 127| 485 072| 422| 089 2.73| 042| 2.63| 046
E Ok-131A | 269| 509| 584| 239| 449| 123| 422| o064| 349| 076| 232| 032| 220| 036
E Ok-141 273| 528 603| 235| 479| 130| 430| 065| 3.81| 079| 227| 034| 226| 035
0k-222 27.4| 494| 576| 229| 474| 135| 436| 0.64| 400 074| 229 032] 220| 034
0k-223 252| 476| 550 220| 446| 127| 48| 061] 3.65| 067| 218 030| 1.98] 0.32
Ok-244 286| 550| 607 245| 437| 121] 419] 063| 3.69| 077 229| 035 235 037
0k-253 360| 63.6| 728| 27.8| s522| 140| 500| 074| 440| 094 282| 041| 264| 044
Trachyte | Ok-7 409| 75.6| 8.18| 306| 597| 117| s545| 084| s05| 1.09| 340| 052] 3.53| 056

with SiO, trough the later stage of crystallization
and they formed the sodium plagioclases and mica
minerals.

MgO contents of Karatag volcanics show wide
variation range (0.19%-6.09). Basaltic trachyandesites
3.06-5.17%; trachyandesites 0.19-3.08%; trachyte
0.20%.

In the Harker correlations diagrams, trends
of major oxides plotted against SiO,, especially
the negative correlation of the MgO indicate the
importance of fractional crystallization process
during the formation of Karatag volcanics. CaO/
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ALO, vs. MgO, AlLO, vs. CaO and Zr/Nb vs. MgO
variation diagrams prepared by various workers which
indicate the fractionations of olivine, clinopyroxene,
amphibole and plagioclase fractionations from basic
trough intermediate composition also support the
effectiveness of fractional crystallization idea for the
formation of Karatas volcanics (Figure 7).

Akcay and Beyazpiring (2017) and Gogmengil et
al. (2018) also indicated that fractional crystallization
processes were effective in the development of Eocene
volcanics, crop out in Almus, Yildizeli, Kiremitli and
Pazarcik area, at the west of the study area.
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Figure 5-Total Alkali-Silica classification for Karatas volcanics (LeMaitre et al., 1989), Alkali/Sub alkali line (Irvine and Baragar, 1971).

5.2.2. Trace and Rare Earth Elements Geochemistry

Ba, Rb, Nb, Zr, Th, La and Ce values are increased
but Sr values are decreased in accordance with SiO,
values on the trace elements versus SiO, diagrams
(Figure 8). Ba, Rb, Th, and Hf show positive
correlation with SiO, because they are taken place
within the feldspars and hornblendes which occur in
later stage of crystallization. Positive correlation of
Zr is related magnetite differentiation. In addition,
positive correlation of Y with SiO, may be related
with apatite crystallizations. Depletion in the Sr values
may be explained as the entrance of Sr in place of Ca
in the earlier formed calcic plagioclases.

Trace elements spider diagrams were prepared to
make some approaches to the origin of the material
and tectonic environments of Karatas volcanics
occurred (Figure 9a). Samples of Karatag volcanics
show enrichments in some lithophile elements with
large-ion lithophile elements (LILE) like Ba, Sr, K,
Rb, Cs and also high field strength elements (HFSE)
like Zr, U, Th, Y, while they show decreases in Nb, Ce,
Ti values. Noticeable enrichment of the elements with
large ion radius and negative Nb anomalies present
similarity to the magmatism developed in active
continental edge or in arc environment and point out

to the subduction component (Gill, 1981; Pearce,
1983; Fitton et al., 1988; Hall, 1989; Hawkesworth
et al., 1997). In addition, Go¢mengil et al. (2018)
indicated that similar characteristics may also reflect
assimilated continental crust. The lack of deep
negative Eu anomalies in those samples indicates that
the effect of plagioclase fractionation was not very
important during the formation of these volcanics.
Negative Ti anomaly is thought to be related to the
early crystallization and abandonment from melt of
Ti-bearing oxide minerals like Ti-magnetite (Kerrich
and Wyman, 1997). On the other hand, negative Nb
and Ti anomalies are quite common in the magmas
associated with subduction developed in post
collisional environment (Ekici, 2016).

All REEs, especially the lighter ones, show
noticeable enrichments comparing to the Primitive
Mantle normalized REEs dispersion diagram (Figure
9b). This distribution trend indicates the effect of
differentiation of amphiboles and pyroxenes during
crystallization. The presence of hydrous minerals
like amphiboles in trachyandesite and trachyte
samples point out the continental crust origin and/
or contamination. The similarity of the dispersion
patterns of the samples with upper continental crust
pattern on the spider diagrams support this approach.

63



Bull. Min. Res. Exp. (2020) 162: 55-74

21 ’00 1 2’00 This study
Ep O Bazaltic :rac[\ynx\dcsilc
20,00 A | X 10,00 - A i
i O Gogmengil et al., 2018
o q%j o s| An O @ X |,
2 i >$( o Akgay and Beyazpiring, 2017
< 18|00 B( X é % A Pazarcik voleanics
O"‘ o X X o 6,00 - X A Kiremitli volcanics
=17,00 - o X X A =
2 & x S, | ~m A
o % 4,00 X 8 A
16,00 A e} A o % A
A AAA K
15,00 2,00 1
X
14,00 . . . . 0,00 : : : :
45 50 55 60 65 70 45 50 55 60 65 70
Si0, (%) Si0, (%)
7,00 8,00
6,50 - )g?‘ 7,00 - X XK %
001 6,00 %
5,50 A Xy A O
$5.00 1 ~ 5,00 1 oo X
S 450 A X A £ 400 o X
S 450 1 AL o x D S +907 XK XX
4,00 A o '33[& X A o | X A
z 3,00 A
501 & §°° ) 200{ m Oc@ s 2 A
3004 A : B X
2,50 - 100{ A
2,00 ; , . . 0,00 ; . ; ;
45 50 55 60 65 70 45 50 55 60 65 70
Si0, (%) Si0, (%)
12,00 6,00
A
10,00 1 o m) 5,00 - B %
A 6%
8,00 - o ~0 4,00 - e
S o G o
6,00 - ha X S300{ &
Q, A @ XX
= "X B = 200
4,00 " 0% A A : A
o . g s
2,00 - 1,00 g %
0 X' )é A A A
0,00 . . . . 0,00 . —0a .
45 50 55 60 65 70 45 50 55 60 65 70
Si0, (%) 8i0,(%)
1,20 0,60
A
1,10 -
' 0,50 - m
1,00 1 Af o ®a o
090 1 276 = A0 R o0&
c S
< 0,80 - & i < 0,30 A & A %
Q 0.70 | % xX % S: M~ O X x%% % .
=0 A A 0,20 - KX XK
0,60 A 5 AA .
450 % 0,10 -
,50 »()( A
0,40 . . . . 0,00 : . . :
45 50 55 60 65 70 45 50 55 60 65 70
Si0, (%) Si0, (%)

Figure 6- Variation of selected major elements vs. SiO, in Karatas volcanics.
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Figure 7- In Karatas volcanics, distribution of a) CaO/Al,0,-MgO ratio diagram, b) distribution in the Al,0,-CaO ratio diagram, c) distribution

in the Zr/Nb-MgO ratio diagram.

Karatas, Pazarcik, Almus and Yildizeli volcanics,
which have similar SiO, content, show parallel pattern
on the Harker and spider diagrams, Kiremitli volcanics
with higher SiO, contents differ from the others.

6. Discussion
6.1. Crustal Contamination

Karatag volcanics Nb/U ratios vary between 2.53-
3.54 in the basaltic trachyandesites and 2.05-4.11 in the
trachyandesites. Nb/La ratios show variations between
0.29-0.41 and 0.30-0.40, K,O/P,0O, ratios between
6.04-9.06 and 7.26-12.44 in basaltic trachyandesites
and trachyandesites respectively.

Haase et al. (2000) suggest that Nb/U ratios close to
MORB values (average 47.00, Hofmann et al., 1986) in
the rocks which have not been subjected to sedimentary
assimilation, and this value will considerably get
lower with the sedimentary assimilation. On the
other hand, Hoffman et al. (1986) claims that Nb/La
ratios higher than 1.00 would be indicative for typical
mantle derived and uncontaminated magmas. Since

these ratio values in Karatas volcanics are low (Nb/U;
2.05-4.11, Nb/La; 0.29-0.41), it may be said that the
source magma was subjected to crustal/sedimentary
contamination (Figure 10a). Carlson and Hart (1988)
say that basalts generated from mantle have K,O/P,O
ratio values <2 value, with the crustal assimilation
or apatite fractionation, this ratio would increase.
The quite high K,O/P,0 ratio values (6.04-12.44) of
Karatas volcanics indicate that the magma produced
Karatas volcanics was either subjected to crustal
assimilation or to apatite fractionation. The plots of
these values on the SiO, versus K O/P,O, diagram
show that the effects of crustal contaminations increase
from basaltic trachyandesites towards trachyte (Figure
10b).

Akcay and Beyazpiring (2017), indicated
that subduction zone enrichment and/or crustal
contribution had important part in magmas generated
Pazarcik and Kiremitli volcanics, and these more
significant in Kiremitli volcanics. Go¢mengil et al.
(2018) indicated that Almus volcanics had negligible
amounts of crustal contamination comparing with
Yildizeli volcanics.
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Figure 8- Variation of selected trace elements vs. SiO, in Karatas volcanics.

66




Bull. Min. Res. Exp. (2020) 162: 55-74

@8
E This study '
9 F S} Karatas volcanics @ OA:,IK‘%
RN Gogmengil et al., 2018 r ‘I
- b o B Almus volcanics [
L i A ,/ \ A A Yildizeli [t
| v \ " Akgay and Bey a
| 1 A ’ o
0 o N 1 iy A P Pazarcik volcanics
g 2 E_'I' N ___—:‘I__, __k___?,/“‘\\_ __________ Upper Continental Crust (UCC)
s F “ \
E \ D
% [ lr 1 %
> + o=
= <
£ g
= Q
e ©
3 3
5} =}
S ~
~
i La P Pm BEuw Tb Ho Tm In
- — T T T T T T
Cs Ba U K Ce Pr P Zr Eu Dy Yb Ce Nb Sm Gd Dy Ti Yb
T T T T T T T T T T T
Rb Th Nb La Pb Sr Nd Sm Ti Y Lu

Figure 9- Multiple element variation diagram of Karatas volcanis, analyses normalized based on primary mantle

Normalized based on
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6.2. Partial Melting

No mantle xenoliths were determined in Karatag
volcanics and in their equivalents along IAESZ during
this and previous studies. Because of the lack of
isotope data, the partial melting degree was tried to be
explained with only geochemical data.

In the samples of Karatas volcanics, MgO contents
show following ranges; 5.17-2.66% in basaltic
trachyandesites, 3.08- 0.19% in trachyandesites. The
La/Yb(N) ratios are 6.76 - 9.15 and 7.86-9.78, Zr/Nb
ratios are 14.78-18.27 and 15.5-16.89, in the same
order. These values may suggest a low degree partial
melting (normalized values have been calculated
according to Sun and McDonough, 1989). In addition,

Zrvs. La, La/Yb vs. Tb/Yb, La/Yb vs. La and La/Sm
vs. La diagrams have been prepared. Again, to be able
to evaluate partial melting degrees. it is observed that
the samples fall in compatibility with each other on
these diagrams (Figure 11). When this compatibility
in the samples and the enrichments in the LILE/HFSE
ratio diagrams evaluated together, it was concluded
that even it was low degree; still some partial melting
might have developed.

Karatas volcanics fall in the same fields on these
diagrams with Pazarcik, Kiremitli and Yildizeli
volcanics. Alpaslan (2000) suggested that Pazarcik
volcanics developed from partial melting of mantle
under extensional tectonic

regime, following

collision. Ak¢ay and Beyazpiring (2017) interpreted
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Figure 10- a) Nb/U vs. Nb/La, b) SiO, vs. K ,O/P,0, diagrams for Karatag volcanics (K,0/P,0,<2, from Carlson and Hart 1988).
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that Pazarcik and Kiremitli volcanics derived from the
partial melting of the continental lithosphere basement
material which was metasomatized by subduction
events. Gogmengil et al. (2018) concluded that basaltic
trachyandesites with basic-intermediate (neutral)
compositions of Yildizeli volcanics were developed
from the partial melting of their metasomatic source
area.

The plots of the data of Karatas volcanics close
to Pazarcik volcanics in all geochemical diagrams
suggest that Karatas volcanics were formed in
a similar environment with Pazarcik volcanics;
partial melting of upper mantle in the extensional
tectonic regime in post collisional period suggested
by Alpaslan (2000). But the composition of magma
occurred Karatag volcanics was significantly changed
by crustal contamination/sedimentary addition.

6.3. Origin of Magma

Karatag volcanics show mostly shift towards
amphibole field and very weakly to the phlogopite
field on the Rb/Sr vs. Ba/Rb diagram (Figure 12a).
Kiirk¢iioglu et al. (2015) suggest that high Ba/
Rb ratios indicate enriched lithosphere with high

amphibole contents. But the shift towards phlogopite
field, even if it is weakly, suggest that the source was
probably enriched from asthenospheric mantle. But
the similarity of the Zr/Ba ratio values of Karatag
volcanics (for basaltic trachyandesite; 0.08-0.33 and
for trachyandesites; 0.13-0.30) to those of lithospheric
mantle (0.12-0.34) rather than those of asthenospheric
mantle suggest the lithospheric mantle
(lithospheric and asthenospheric mantle values; after
Mengzies et al., 1991). Low Nb/U, Nb/La and Tb/Yb
ratios also suggest that the origin of this magma is not
asthenospheric. Again, low MgO, as well as low Ni, Cr
values and enrichments in trace and rare earth elements
also suggest that the source of the magma might have
been evolved and differentiated lithospheric rather
than asthenospheric mantle. Go¢gmengil et al. (2018)
also suggested similar conclusions for Almus and

source

Yildizeli volcanics.

The samples fall above the mantle metasomatic
array on the Th/Yb vs. Ta/Yb binary diagrams
developed by Pearce (1983) (Figure 12b). This may
be explained that the products of Karatas volcanics
occured from a source enriched either during
subduction or contamination by sedimentary materials.
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Figure 11- a) Zr vs. La, b) La/Yb vs. Tb/YD, ¢) La/Yb vs. La, d) La/Sm vs. La diagrams for Karatas volcanics.
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Various element ratio diagrams proposed by different
researchers have been prepared to be able to determine
whether this source, which forms volcanics has been
enriched during subduction or by contamination
with sedimentary materials. Hawkesworth et al.
(1997) suggest that high Ba/Th ratio values in the arc
magmatism products indicate enrichment resulted
from subduction related aqueous solutions / or melt
enrichment. Th and LILE contents significantly
contributed to the enrichment of subduction related

sediments. The results of Karatag volcanics mostly
shift towards subduction related enrichment field on
the Th/Yb vs. Ba/La and Ba/Th vs. Th binary diagrams
indicate the significant subduction related enrichment.
The weak shift toward the melt sourced from
sedimentary material suggest also the possibility of
presence sedimentary materials in the source area and
sedimentary contamination (Figure 12¢-d). It may be
said that sedimentary related materials contributed to
the development of Yildizeli and Kiremitli volcanics
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Figure 12- a) Rb/Sr vs. Ba/Rb (Ionov et al., 1997; Tommasini et al., 2011), b) Th/Yb vs. Ta/Yb (Pearce, 1983), ¢) Th/Yb vs. Ba/La (Kirchenbaur
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more than Karatag volcanics. Distribution pattern of
the samples on the Ce/Pb vs. Th/Nb binary diagram
show that crust and sedimentary materials were both
effective in the source area (Hoffmann et al., 1986;
Kiirk¢iioglu et al., 2015) (Figure 12 e). Similarities
of the distribution patterns to the upper continental
crust on the spider diagrams, and plots of the samples
in the upper continental crust field on the Th/Nb vs.
La/Nb binary diagrams suggest the involvement of
the crust material (Figure 12f). The basic product of
Karatas volcanics fall close to normalized mid ocean
ridge basalts (N-MORB) and Ocean Island Basalt
(OIB) locations and acidic and intermediate products
fall close to the Upper Continental Crust (UCC) area
on the Ce/Pb vs. Th/Nb diagrams. These locations
of the samples on this diagram suggest the presence
of crust of the Tethys Ocean before the collision,
the basic products of these volcanics were derived
from N-MORB or OIB and acidic and intermediate
products were formed by possible partial melting of
the Upper Continental Crust material.

Keskin et al., (2008) studied Eocene volcanics
in the Amasya and Corum areas which have similar
tectono-stratigraphic features with Karatas volcanics.
They indicated that Eocene volcanics were the
products of asthenospheric mantle giving rise as
a result of the slab breakoff and concurrent uplift
that occurred following the collision of the Sakarya
continent and the Kirgehir block. But, Karatag
volcanics shows data that is the enriched lithospheric
mantle rather than the asthenospheric mantle, it was
interpreted that the volcanics were not interacted with
the asthenospheric mantle.

Gogmengil et al. (2016), interpreting the
distribution of the samples on the Ce/Pb vs. Th/
Nb diagram, also suggested the possibility of melt
source derived from N-MORB or OIB material and
enrichment continental crust and/or sedimentary
material in the formation model of Almus and
Yildizeli volcanics. But, Gogmengil et al. (2018)
suggested that the basic trachytic volcanism was
possibly developed with trench tectonics controlled
mainly by delamination and/or lithospheric removal
processes at the first step, basic-intermediate (basaltic
trachyandesite) rocks developed from the partial
melting of metasomatic source area and trachytic
lavas of latest period developed following reactivation
of these basic-intermediate rocks by processes of

70

extensional tectonic and decompression of the magma
chamber.

Since the magma forming Karatag volcanics is
geochemically lithospheric mantle characteristic, it
is interpreted as the lithospheric removal either not
developed or slightly developed during the formation
of Karatas volcanics. Although Karatag volcanics
were post collisional products, they show signs of
subduction related enrichment. This complexity
was interpreted as the lithospheric mantle material
enriched in the crust during subduction developed
in a pre-collisional episodes was reactivated by post
collisional extensional tectonic and/or delamination
processes (Topuz et al., 2011; Temizel et al., 2016;
Gogmengil et al., 2018) the reactivated melt gave
rise into the aggregated / accumulated material and
produced Karatas volcanics causing to melt and
assimilation of this material.

7. Conclusions

Karatag volcanics outcropping at the NE Sivas have
alkaline character and represent last stages of Eocene
volcanism. They consist of basaltic trachyandesites,
trachyandesites and trachytes which are the products
of basic and intermediate magma. In generally, this
volcanism was controlled by fractional crystallization
and the effects of crustal contamination increased
from basaltic trachyandesites to trachytes.

According to geochemical data, the samples
shift towards the amphibole area on the Rb/Sr vs.
Ba/Rb ratio diagrams, variation of Zr/Ba ratios in
the range of 0.08-0.33, high Ba/Rb ratio, low MgO,
Ni, Cr contents indicate that the magma which
produced these volcanics started being enriched from
lithospheric rather than asthenospheric mantle. It
could be suggested that enrichments were associated
to subduction related fluids and probably to small
amount of sedimentary materials.

In this study, when petrological and geochemical
characteristics of Karatag volcanics evaluated with
together, it is considered that these volcanics occurred
as follows; oceanic crust situated between the Kirgehir
block and the Sakarya continent subducted toward
north, beneath the Sakarya continent during the pre-
collision period, developed subduction related melt
derived from N-MORB or OIB gave rise into the
continental crust, following collision these melts
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were reactivated by extensional tectonics and/or
delamination processes during post collisional period
and Karatag volcanics were occurred.

Acknowledgement

This study was supported as M-613 project
by the Scientific Research Projects Unit in Sivas
Cumbhuriyet University. We thank Dr. M. Emrah Ayaz
(previous Director of Sivas Regional Directorate of
MTA) and Zara field camp personnel for supplaying
MTA facilities during field studies and giving MTA’s
drilling data. Dr. Biltan Kiirk¢iioglu (Hacettepe Univ.)
and two other anonymous referees are thanked for
helpful comments improved the text.

References

Akcay, A. E., Beyazpiring, M. 2017. The Geological
Evolution of Sorgun (Yozgat)-Yildizeli (Sivas)
Foreland Basin, Petrographic, Geochemical
Aspects and Geochronology of Volcanism
Affecting The Basin. Bulletin of the Mineral
Research and Exploration 155, 1-32.

Akgay, A. E., Donmez, M., Kara, H., Yergok, A. F., Esentiirk,
K. 2008. 1/100.000 Olgekli Tiirkiye jeoloji
haritalar1, Kirsehir 1-34 paftasi, No: 81. Maden
Tetkik ve Arama Genel Miidiirliigii, Ankara.

Alpaslan, M. 2000. Pazarcik Volkanitinin (Yildizeli-
Sivas) Mineralojik Petrografik ve Jeokimyasal
Ozellikleri. Tiirkiye Jeoloji Biilteni 43(2), 49-60.

Alpaslan, M., Terzioglu, N. 1998. Pontidlerde carpisma
sonras1 volkanizmaya bir 6rnek: Siirmeli Volkaniti
(Tasova-Amasya).  Cumhuriyet  Universitesi
Yerbilimleri Dergisi 15(1), 13-20.

Altunkaynak, $. 2007. Collision Driven Slab Breakoff
Magmatism  in  Northwestern  Anatolia,
Turkey. The Journal of Geology. https:/doi.
org/10.1086/509268.

Altunkaynak, S., Dilek, Y. 2006. Timing and nature of
postcollisional volcanism in western Anatolia
and geodynamic implications. Geological
Society of America Special Paper. https://doi.
org/10.1130/2006.2409(17).

Atakay Giindogdu, E. 2009. Corum gilineybatisindaki
volkanik kayaglarin jeolojik ve petrolojik
ozellikleri ve Alaca Hoyiik kazisinda jeoarkeolojik
calismalar. Ankara Universitesi, Fen Bilimleri
Enstitiisii Doktora Tezi. 212s.

Bagibiiyiik, Z. 2006. Hydrothermal alteration mineralogy-
petrography and geochemistry of Eocene
volcanics: an example from quadrangle of Zara-

Imranli-Susehri-Serefiye (Northeast of Sivas,
Central Eastern Anatolia, Turkey). Doktora Tezi.
Sivas Cumhuriyet University Science Institute.

Boynton, W. V. 1984. Geochemistry of the rare earth
elements: meteorite studies. In Handerson P.
(Ed.). Rare Earth Element Geochemistry. 1st ed.
Amsterdam, the Netherlands: Elsevier, 63-114.

Bozkurt, E., Kogyigit, A. 1995. Stratigraphy and geologic
evolution of the Almus fault zone in Almus-Tokat
region. Turkish Association Petroleum Geologists
Bulletin 7(1), 1-16.

Boztug, D. 2008. Petrogenesis of the Kdsedag Pluton ,
Susehri-NE  Sivas. Turkish Journal of Earth
Sciences 17, 241-262.

Boztug, D., Yilmaz, S., Keskin, Y. 1994. i¢c -Dogu
Anadolu alkalin provelisindeki Kosedag pliitonu
(Susehri-KD Sivas) dogu kesiminin petrografisi,
petrokimyas1 ve petrojenezi. Tiirkiye Jeoloji
Biilteni 2, 1-14.

Biiyiikonal, G. 1985. Distribution of he Major and Trace
Elements in The Volcanic Rocks of Yozgat Area,
Turkey. Bulletin of the Mineral Research and
Exploration 105(106), 97-111.

Canbaz, O., Giirsoy, O., Gokee, A. 2018. Detecting Clay
Minerals in Hydrothermal Alteration Areas with
Integration of ASTER Image and Spectral Data
in Kosedag-Zara (Sivas), Turkey. Journal of
Geological Society of India 91(4), 389-516.

Carlson, R. W., Hart, W. K. 1988. Flood basalt volcanism
in the northwestern United States. Continental
Flood Basalts. https://doi.org/10.1007/978-94-
015-7805-9 2.

Dalkilig, H., Donmez, M., Ak¢ay, A. E. 2008. 1/100.000
Olgekli acmsama nitelikli  Tiirkiye Jeoloji
Haritalar1 Serisi, Yozgat-Sheet 135, No: 82.
General Directorate Mineral Research and
Exploration, Ankara.

Ekici, T. 2016. Petrology and Ar/Ar chronology of
Erdembaba and Kuyucak volcanics exposed along
the North Anatolian Fault Zone (Eastern Pontides,
NE Turkey): Implications for the late Cenozoic
geodynamic evolution of Eastern Mediterranean
region. Journal of the Geological Society of India.
https://doi.org/10.1007/s12594-016-0409-6.

Erkan, Y. 1972. Petrografi ders notlart. Hacettepe
Yerbilimleri Enstitiisii, 118 (unpublished).

Erkan, Y. 1994. Kaya¢ Olusturan Onemli Minerallerin
Mikroskopta Incelenmesi. TMMOB Jeoloji
Miihendisleri Odast Yaym No: 42.

Eyiiboglu, Y., Dudas, F. O., Thorkelson, D., Zhu, D. C.,
Liu, Z., Chatterjee, N., Keewook, Y., Santosh,
M. 2017. Eocene granitoids of northern Turkey:

71



Bull. Min. Res. Exp. (2020) 162: 55-74

Polybaric magmatism in an evolving arc-slab
window system. Gondwana Research. https://doi.
org/10.1016/j.gr.2017.05.008.

Fitton, J. G., James, D., Kempton, P. D., Ormerod, D. S.,
Leeman, W. P. 1988. The role of lithospheric
mantle in the generation of late cenozoic basic
magmas in the western united states. Journal of
Petrology. https://doi.org/10.1093/petrology/
Special_Volume.1.331.

Geng, S., Yilmaz, Y. 1997. An example of the post-
collisional magmatism in northwestern Anatolia:
the Kizderbent volcanics (Armutlu Peninsula,
Turkey). Turkish Journal of Earth Sciences 6, 33-
62

Gill, J. B. 1981. Orogenic Andesites and Plate Tectonics.
Springer, Berlin. 390p.

Gogmengil, G., Karacik, Z., Geng, S. C. 2016.
Carpisma Sonras1 Ortamda Kalk-alkali/Alkali
Volkanizmadan- Sosonitik Volkanizmaya Gegise
Bir Ornek: Almus(Tokat) ve Yildizeli (Sivas)
Orta Eosen Volkanikleri. 3-5 Ekim 2016, 1.
Volkanoloji Kurultay1. Maden Tetkik ve Arama
Genel Miidiirliigii, Ankara / Tiirkiye.

Gogmengil, G., Karacik, Z., Geng, C., Billor, M. Z. 2018.
40Ar-39Ar geochronology and petrogenesis
of postcollisional trachytic volcanism along
the Izmir-Ankara-Erzincan Suture Zone (NE,
Turkey). Turkish Journal of Earth Sciences 27(1),
1-31. https://doi.org/10.3906/yer-1708-4.

Goriir, N., Tiysiliz, O. 1997. Petroleum geology of the
southern Continental Margin of the Black Sea. In
Regional and Petroleum Geology of the Black Sea
and Surrounding Region. AAPG memoir no. 68.

Goriir, N., Tiysiiz, O., Celal Sengér, A. M. 1998. Tectonic
Evolution of the Central Anatolian Basins.
International ~ Geology Review. https://doi.
org/10.1080/00206819809465241

Gortir, N., Tiysiiz, O., Sengér, A. M. C. 2010.
Tectonic Evolution of the Central Anatolian
Basins Tectonic Evolution of the Central
Anatolian Basins. 6814(1998). https://doi.
org/10.1080/00206819809465241

Haase, K. M., Miihe, R., Stoffers, P. 2000. Magmatism
during extension of the lithosphere: Geochemical
constraints from lavas of the Shaban Deep,
northern Red Sea. Chemical Geology. https://doi.
org/10.1016/S0009-2541(99)00221-1.

Hall, A. 1989. M. Wilson. Igneous Petrogenesis: a Global
Tectonic Approach. London (Unwin Hyman),
1989, xx + 466 pp. Mineralogical Magazine.
https://doi.org/10.1180/minmag.1989.053.372.15.

Hawkesworth, C. J., Turner, S. P., McDermott, F., Peate, D.
W., Van Calsteren, P. 1997. U-Th isotopes in arc

72

magmas: Implications for element transfer from
the subducted crust. Science 276(5312) 551-555.
https://doi.org/10.1126/science.276.5312.551.

Hibbard, M. J. 1991. Textural anatomy of twelve magma
mixed granitoid systems. In: Didier, J. ve Barbarin,
B. (eds), Enclaves and Granite Petrology.
Development in Petrology 13. Elseiver, 431-444.

Hofmann, Albrecht W. 1988. Chemical differentiation of the
Earth: the relationship between mantle, continental
crust, and oceanic crust. Earth and Planetary
Science Letters. https://doi.org/10.1016/0012-
821X(88)90132-X.

Hofmann, A. W., Jochum, K. P., Seufert, M., White,
W. M. 1986. Nb and Pb in oceanic basalts:
new constraints on mantle evolution. Earth
and Planetary Science Letters. https://doi.
org/10.1016/0012-821X(86)90038-5.

Ionov, D. A., Griffin, W. L., O’Reilly, S. Y. 1997. Volatile-
bearing minerals and lithophile trace elements in
the upper mantle. Chemical Geology. https://doi.
0rg/10.1016/S0009-2541(97)00061-2.

Irvine, T. N., Baragar, W. R. A. 1971. A Guide to the
Chemical Classification of the Common Volcanic
Rocks. Canadian Journal of Earth Sciences, 8(5),
523-548. https://doi.org/10.1139/e71-055.

Kalkanci, S. 1974. Etiide geologique et petrochimique du
sud de la region de Susehri. Geochronologie du
massif syenitique de Kosedag (Sivas Turquie).
These de doctoral de 3 e cycle, L’universite de
Grenoble,135p.

Kaymakgei, N., Duermeijer, C. E., Langereis, C., White,
S. H., Van Dijk, P. M. 2003. Palacomagnetic
evolution of the Cankiri Basin (central Anatolia,
Turkey): Implications for oroclinal bending due
to indentation. Geological Magazine. https://doi.
org/10.1017/S001675680300757X.

Kerrich, R., Wyman, D. A. 1997. Review of
developments in trace-element fingerprinting
of geodynamic settings and their implications
for mineral exploration. Australian Journal
of Earth Sciences 44(4), 465-487. https://doi.
org/10.1080/08120099708728327.

Keskin, M., Geng, S. C., Tiiysiiz, O. 2004. Tectonic setting
and petrology of collision-related Eocene
volcanism around the Cankir1 basin, north central
Turkey. 32nd International Geological Congress,
Florence, Italy, August 20-28, Abstracts, Part 2,
p. 1299.

Keskin, M., Geng, $. C., Tiysiiz, O. 2008. Petrology
and geochemistry of post-collisional Middle
Eocene volcanic units in North-Central Turkey:
Evidence for magma generation by slab breakoff
following the closure of the Northern Neotethys



Bull. Min. Res. Exp. (2020) 162: 55-74

Ocean. Lithos 104(1-4), 267-305. https://doi.
org/10.1016/j.1ithos.2007.12.011.

Kirchenbaur, M., Miinker, C., Schuth, S., Garbe-schonberg,
D.,Marchev,P.2012. Tectonomagmatic constraints
on the sources of Eastern Mediterranean K-rich
lavas. Journal of Petrology 53(1), 27-65. https://
doi.org/10.1093/petrology/egr055.

Kogbulut, F., Yilmaz Sahin, S.,Tatar, O. 2001. Akdagmadeni
(Yozgat)- Yildizeli (Sivas) Arasindaki Kaletepe
Volkanitinin Mineralojik-Petrografik ve

Jeokimyasal Incelenmesi. Istanbul Universitesi

Yerbilimleri Dergisi, 14(1-2), 77-91.

Kiirk¢iioglu, B., Pickard, M., Sen, P., Hanan, B. B., Sayit, K.,
Plummer, C., Sen, E., Yiiriir, T., Furman, T. 2015.
Geochemistry of mafic lavas from Sivas, Turkey
and the evolution of Anatolian lithosphere. Lithos.
https://doi.org/10.1016/j.1ithos.2015.07.006.

LeMaitre, R. W., Streckeisen, A., Zanettin, B., LeBas, M. J.,
Bonin, B., Bateman, P., Bellieni, G., Dudek, A.,
Efremova, S., Keller, J., Lameyre, J., Sabine, P.A.
Schimid, R., Sorensen, H., Woolley, A. R. 1989.
Igneous Rocks: A classification and glossary
of terms. International Union of Geological
Sciences Subcommission on the Systematics of
Igneous Rocks, 32-39. https://doi.org/10.1017/
S0016756803388028.

MacKenzie, W. S., Guilford, C. 1980. Atlas of rock forming
minerals in thin section. John Wiley and Soons,
Inc, New York.

Menzies, M. A., Kyle, P. R., Jones, M., Ingram, G. 1991.
Enriched and Depleted Source Components for
Tholeiitic and Alkaline Lavas from Zuni-Bandera,
New Mexico: Inferences About Intraplate
Processes and Stratified Lithosphere. Journal of
Geophysical Research. 96(B8), 13645-13671p.

Moorhouse, W. W. 1969. The study of rocks in thin section.
Harper and Row, New York, 514.

MTA. 2002. 1/500.000 olgekli Tiirkiye Jeoloji Haritast,
Sivas Paftasi. Maden Tetkik ve Arama Genel
Midiirliigii, Ankara.

Okay, A. 1., Tiysliz, O. 1999. Tethyan sutures of northern
Turkey. Geological Society, London, Special
Publications  156(1), 475-515.  https://doi.
org/10.1144/GSL.SP.1999.156.01.22.

Okay, A., Satir, M. 2006. Geochronology of Eocene
plutonism and metamorphism in northest
Turkey: evidence for a possible magmatic arc.
Geodinamica  Acta.  https://doi.org/10.3166/
2a.19.251-266.

Ozdemir, K. F. 2016. Sivas’in Dogusundaki Eosen Yasl
Karatas ve Neojen Yagh Serefiye Volkanitlerinin
Petrolojisi. Sivas Cumbhuriyet Universitesi Fen
Bilimleri Enstitiisii, Yiiksek Lisans Tezi. 83 s.

Pearce, J. A. 1982. Trace element characteristics of lavas
from destructive plate boundaries. In Orogenic
Andesites and Related Rocks, 525-548.

Pearce, J. A. 1983. Role of the sub-continental lithosphere
in magma genesis at active continental margins.
In: Hawkesworth, C.J. and Norry, M.J. eds.
Continental basalts and mantle xenoliths,
Nantwich, Cheshire: Shiva Publications, pp. 230-
249.

Plank, T. 2005. Constraints from Thorium/Lanthanum on
sediment recycling at subduction zones and the
evolution of the continents. Journal of Petrology.
https://doi.org/10.1093/petrology/egi005.

Sun, S. S., McDonough, W. F. 1989. Chemical and isotopic
systematics of oceanic basalts: implications for
mantle composition and processes. Geological
Society, London, Special Publications 42(1),
313-345. https://doi.org/10.1144/GSL.
SP.1989.042.01.19.

Taylor, S. R., McLennan, S. M. 1985. The Continental
Crust: Its Composition and Evolution. Geological
Magazine 122(06), 673. https://doi.org/10.1017/
S0016756800032167.

Temizel, 1., Arslan, M., Yiicel, C., Abdioglu, E., Ruffet,
G. 2016. Geochronology and geochemistry
of Eocene-aged volcanic rocks around the
Bafra (Samsun, N Turkey) area: Constraints
for the interaction of lithospheric mantle and
crustal melts. Lithos. https://doi.org/10.1016/].
lithos.2016.04.023.

Tiryaki, C., Ekici, T. 2012. Carpisma Sonras1 Kalk-Alkalin
Yozgat Volkaniklerinin Petrolojisi. Tiirkiye
Jeoloji Biilteni 55(1), 19-42.

Tommasini, S., Avanzinelli, R., Conticelli, S. 2011. The Th/
La and Sm/La conundrum of the Tethyan realm
lamproites. Earth and Planetary Science Letters.
https://doi.org/10.1016/j.epsl.2010.11.023.

Topuz, G., Altherr, R., Schwarz, W. H., Siebel, W., Satir,
M., Dokuz, A. 2005. Post-collisional plutonism
with adakite-like signatures: The Eocene
Saraycik granodiorite (Eastern Pontides, Turkey).
Contributions to Mineralogy and Petrology.
https://doi.org/10.1007/s00410-005-0022-y.

Topuz, G., Okay, A.I., Altherr, R., Schwarz, W.H., Siebel, W.
Zack, T., Satir, M., Sen, C. 2011. Post-collisional
adakite-like magmatism in the Agvanis Massif
and implications for the evolution of the Eocene
magmatism in the Eastern Pontides (NE Turkey).
Lithos 125, 131-150.

Tiysliz, O., Dellaloglu, A. A. 1992. Cankir1 havzasinin
tektonik birlikleri ve havzanin tektonik evrimi. In:
Proceedings of 9th Turkish Petroleum Congress
Turkey, Ankara. Turkish Association of Petroleum
Geologists 333-349.

73



Bull. Min. Res. Exp. (2020) 162: 55-74

Tiiysliz, O., Dellaloglu, A. A., Terzioglu, N. 1995. A
magmatic belt within the Neo-Tethyan suture
zone and its role in the tectonic evolution of
northern Turkey. Tectonophysics. https://doi.
org/10.1016/0040-1951(94)00197-H.

Yardley, B. W. D., MacKenzie, W. S., Guilford, C. 1990.
Atlas of metamorphic rocks and their textures.
John Wiley and Sons, Inc, NewYork. 120p.

Yilmaz, A., Okay, A., Bilgi¢, T. 1985. Yukar1 Kelkit Cay1
yoresi ve gilineyinin temel jeoloji &zellikleri
ve sonuglart. Maden Tetkik ve Arama Genel
Miidiirligii Rapor No: 7777. 124 s, (unpublished).

Yilmaz, A., Uysal, S., Yusufoglu, H., Agan, A., Inal, A.,
Aydin, N., Bedi, Y., Havzoglu, T., Gé¢, D.,
Inal, E., Erkan, E.N. 1994. Akdagmasifi (Sivas)
dolayinin jeolojik incelemesi. Maden Tetkik ve
Arama Genel Miidiirliigii Rapor No:9721, Ankara
(unpublished).

74

Yimaz, A., Uysal, S., Bedi, Y., Atabey, E., Yusufoglu, H.,
Havzoglu, T., Aydin, N. 1997. 1/100.000 Olgekli
Tiirkiye jeoloji haritalari, Sivas-F22 paftasi, No:
46. Maden Tetkik ve Arama Genel Midiirliigii,
Ankara.

Yilmaz, Y., Tiysiiz, O. 1984. Kastamonu-Boyabat-Vezir-
koprii-Tosya arasindaki bolgenin jeolojisi (Ilgaz-
Kargi masiflerinin etiidii). Maden Tetkik ve
Arama Genel Miidiirliigii Rapor No: 275, 275 s,
(unpublished).

Yiicel, C., Arslan, M., Temizel, 1., Abdioglu Yazar, E.,
Ruffet, G. 2017. Evolution of K-rich magmas
derived from a net veined lithospheric mantle in
an ongoing extensional setting: Geochronology
and geochemistry of Eocene and Miocene
volcanic rocks from Eastern Pontides (Turkey).
Gondwana Research. https://doi.org/10.1016/j.
2r.2016.12.016.



	Button 28: 
	Button 27: 
	Button 30: 
	Button 29: 


