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Petrochemical characteristics and genetic interpretation
of the basaltic volcanism of Kula (Manisa, Turkey)

Tuncay Ercan, AN Dingel, Ahmet Tiirkecan, Erdogdu Giinay

MTA Genel Muadirliigii Jeoloji Etiidleri Dairesi, Ankara, Turkey
(Received 14. 10. 1989; accepted 28. 03. 1990)

Epkan, T., Quucea, A., Typreyan, A., Twnaii, E. — Ilempoxusuueckas xapaxmepucmuxa u eesemu-
ueckaa ummepnpemayus 6Gazaarbmosoco syikarusma e. Kyra (Marnusa, Typyua). Ilnno-ueTBepTHYHBIE
mesoynble 6a3aabTOBble NMOPOAbLI NpeoliaajaloT B cTpoeHHH okpectHocrtedl r. Kysna B Mauu3ckoid npo-
BuHUMH Bocrtounoit Anatonun (Typuus). JpeBHeiline nopoab MMeloT BO3pacT B 7,5 MJaH. jeT. Brige-
JeHbl MOCJeloBaTe/bHbe CTaJlHH ByaKaHHueckolt aktuBHocTH. Camasi mocjefHsit CTajMs NpoH30ULIA
15—20 000 JsieT TOMy Ha3ajJ, M cJelbl YeJOBEYeCKOH JesTelbHOCTH OblaH o6Hapyxenbl B Tydax. Cor-
JIaCHO NMeTPOXHMHYECKHM MHCCJeOoBaHHsAM G6BLIO CAesNaHO 3aKJloueHHe, YTO BYJKaHHYeCKHe MOPOJAbl B
o6sacTH 06pa3oBaJHCh B YCJAOBHAX PAaCTSiKeHHS MyTeM TOJHSTHS KOHHYECKH OQOPMJIEHHOTO MepBHY-
HOTO MarMeHHOro TeJa H3 pachJaaBJeHHOTO MAHTHIHOTO LeHTpa.

Abstract. Alkaline basaltic rocks of Plio-Quaternary age are dominant in the vicinity of Kula
town in the Manisa province in Western Anatolia (Turkey). The oldest rocks are of 7.5 m. y. There
have been intermittent stages of volcanic activity. The last stage occurred 15-20 000 years ago and
human footprints are observed in tuffs. According to petrochemical work carried out it was conclu-
ded that these volcanic rocks in a domain characterized by a tensional regime were formed via uplift
of a plume shaped primitive magma generated from a hot spot of the mantle.

.

Introduction

The Kula volcanics crop out in an area which is 30-35 km in length and 10-15 km in
width of the Manisa province in Turkey. These are Plio-Quaternary aged alkali basal-
tic lava flows and tephras. Kula is one of the areas which the young volcanic rocks are
showed in Turkey. Investigators worked in Kula even in ancient times. For example,
the famous Greek historian Strabon travelled to Kula and named it as “Katakekaumane’’
(burnt-land) 2000 vears ago. After him many scientists have visited this region.

Geological outline

The volcanic area extends from Kula to the west of the Demirkoprii Dam (Fig. 1) and
is mestly on a plateau which is 600-700 m high. This plateau is bordered by Gediz
River to the north and the Alagehir-Salihli graben to the south. Volcanic cones in this
area are in a NW-SE line, fitting the extension of the Alasehir-Salihli graben (Gediz
graben) (Fig. 2) and related to the graben system of Western Anatolia. “Aa’’ type lavas
were formed by a typical “fissure’’ volcanism. There are “hornitosses’” on the lavas and
scorias. The lavatunnels are observed in places. All the volcanoces are in “Maar” type.
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Fig. 2. Alasehir-Salihli graben

Volcanic cones are in “sinder” or “spatter” type. They have some differences according
to their ages and erosional grades. Craters of the old cones are bigger than the younger
ones. The cones consist of lavas, lapillis, scorias and the pyroclastics such as volcanic
bombs in various coarseness. Black basaltic lava flows are seen around these seventy
cones. The youngest cones have views the same as actual ones. There are double craters
at some volcanic cones. Kula volcanics have been active in three different stagesin the
investigated area. They are named as “Burgaz Volcanics” “Elekgitepe Volcanics” and
“Divlittepe Volcanics” (Ercan, 1981). The flow directions of the lavas of Kula
Volcanics are shown in Fig. 3.

Burgaz Volcanics

They are the products of the first stage and overlie the older rock units as plateau
basalts on the hills. These are on higher altitude than the volcanics of the second and
the third stages. The volcanic cones have been spoiled and their shapes have been roun-
ded in time. Lavas form high plateaus which have slopes up to 30-40 m high. Pliocene
sediments have been abundantly eroded between the first and the second explosion sta-
ges. Thus the lavas of the second stage have been occurred on the lower levels. The K/Ar
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Fig. 3. Flow directions of Kula lavas

method of the radiometric dating on Burgaz Volcanics have been carried out by E r-

can et al. (1985). The age has been found to be 7.55F0.11 m. y. Miocene sediments

which are underlain by Burgaz Volcanics have been cooked by the heat of the lavas.

go 21-3 m thick a contact zone has been occurred. Hexagonal cooling faces are seen in
asalts.

Elekcitepe Volcanics

The volcanic cones and craters of the second stage of Kula volcanics have been eroded
less than the ones of the first stage and they have maintained their shapes more than
the older ones. Some volcanic products such as base surge deposits which are absent
in the first and the third stages of the volcanism are seen in this second stage. Volcanic
products crop out a wide area in this region. More than 45 volcanic cones were observed.
Some of them had been eroded. Frequent lava eruptions had been occurred. Some chi-
mneys were closed and most of the cones was subsided and was broken. Erin ¢ (1970)
who made detailed geomorphologic investigations in the area surrounding Kula sug-
gested that the second stage of the volcanism was more intensive than the first one
and the volcanic products of this stage are 2.6 km?® in volume. Borsi et al. (1972)
found a 1.1 million year age of Elek¢itepe volcanics by K/Ar method.

Divlittepe Volcanics

Volcanic cones, craters and lava flows related to Divlittepe Volcanics which have been
formed in the third and the last stage of Kula volcanicsare completely seen as recent
volcanism. They flowed in valleys and went on alluvial sediments in kilometers. The
lavas are fresh as if they have just occurred. There is not any covering of plant on them.
It is difficult to walk on the lavas and scorias. Lavas and scorias cover a 60 km?> area.
Lavas are distinguishable among the ones belonging to the ‘other stages, and consist
of very fluent basalts. They had gone long distance, and lava falls had been created
(Fig. 3). The gases which had been accumulated in lava flows occasionally had formed
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hornitos on surface, and the lava tunnels had been made under some lavas when they
had lost their gases and had become solid. Primitive human beings used the craters as
natural castles and lived in them thousands years ago. The remnants of the ancient
primitive buildings and tools were found in some craters. Furthermore, primitive human
footprints that are shown on the basaltic tuffs of the third stage volcanism have been
maintained near the Lake of Demirkoprii Dam, and the samples of the footprints are
exhibited in some museums of the world. Those footprints are fourth finding in the
world, according to Tek kaya (1976) they are 12.000 years old. Eri n¢ (1970)
suggested that the last stage volcanism had started 10.000 years ago. Er can et al.
(1985) have found the ages of 30,000F5,000 m.y. and 25,000F6,00 m. y. of the youngest
basaltic lavas by K/Ar method. According to these results the volcanics of the last
stage might have been formed approximately 10,000-30,000 years ago.

Petrography

It was proved that thereis not any petrographic distinction between the different aged
lavas of the three stages of Kula basalts after the investigation of hundreds of samples
collected in the studied area.

Kula basalts are well known in petrographicliterature. They were registered for the
first time by Washington (1884 and 1900). This author named them as “Kulai-
te* and pointed out that they were hornblend basalt, nepheline basalt, plagioclase basalt
and olivine basalt.

Later, Bor si etal. (1972) proposed that theserocks are “Nepheline trachyandesi-
te’’ according to Coombs and Wilkinson (1969) classification. Petrographic
and petrochemical nomenclatures of the lavas have some difficulties. There is not any
international confirmation on classification of these volcanic rocks yet. The same la-
vas were differently named.

The lavas are black, dark-grey, grey, red, and porous. Generally show porphyritic
or hyalopilitic texture in a groundmass chiefly consisting of glass, plagioclase micro-
lites, abundant small crystals of augite, olivine, hornblende and smaller crystals of
hypersthene, nepheline, leucite, analcime, apatite, magnetite, orthoclase and mafic
minerals. The principal phenocrysts are of abundant augite, titanaugite, olivine and
hornblende. The phenocrysts of ilmenite, plagioclase, nepheline, epidote, leuciteoccur
in less abundance. Hornblende phenocrysts are of basaltic hornblende and syntagmatite
(kersutite), and have been altered. Plagioclase phenocrysts are generally labradorite,
anortite and less andesine, oligoclase and bitovnite. Quartz xenocrysts are observed in
some thin sections. The olivine phenocrysts are partly converted into iddingsite and
serpentine. The augite phenocrysts are also partly uralitized. All the lavas are na-
med as “alkali olivine basalt“ in general. According to results of petrographic inves-
tigation the lavas named as hornblende-pyroxene basalt, ilmenite-olivine basalt,
hornblendeolivine basalt, ilmenite-pyroxene basalt, nepheline basalt, hornblende-au-
gite basalt, olivine bearing hornblende-pyroxene basalt, hypersthene-pyroxene basalt,
olivine pyroxene basalt.

Petrochemistry

Eleven samples of the first stage, eight samples of the second stage and sixteen samples
of the third stage were selected for whole-rock chemical analysis of major elements
(Tables 1 and 2). Results of the chemical analysis was programmed for computer and
various parameters of the volcanics were calculated. Later, those parameters were
casted on various graphs and the characters of the volcanics were investigated by che-
mical method. Sample points in the study area are shown in Fig. 1.
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Table l

Results of major element chemical analysis, C.I.P.W. norms and Rittman paramefers of volcanics
= = - B = = Els 3
= 7 ] X2 = - & ~
Sempls e —22 | | d | e u:: © & z\i 0=
wn E = wd ‘E’; w gn n - Irs) f_{ n 2 g,
2] o ! =] A = — = =
22|22 28 |24 | 22 | 22 | 28 | =
1 2 | 3 ‘ 4 | 5 6 7 8 9
SiO, 47.65 47.85 46.65 48.60 47.80 50.15 49.55 48.35
AlL,Oj 16.51 1471 14.83 16.85 14.99 17.99 15.09 16.58
Fe, Oy 3.07 3.04 379 4.04 2.39 5.50 2.64 3.85
FeO 517 573 462 5.29 6.49 3.41 5.63 4.55
MgO 5.70 8.00 800 3.70 5.30 1.90 6.60 5.50
CaO 9.30 10.07 10.20 8.68 10.11 8.00 10.54 10.27
Na,O 4.80 420 420 522 3.55 5.45 4.20 4.00
K,O 160 1.15 120 1.65 2.30 1.40 1.10 0.85
H,0O 163 1.84 216 1.96 2.02 3.31 1.29 1.81
TiO, 2.04 204 206 226 2.02 2.02 2.10 2.09
P,0; 078 073 0.64 0.87 0.69 0.92 0.83 0.85
MnO 0.16 0.15 0.15 0.16 0.15 0.15 0.14 0.15
CO, 058 0.42 050 0.35 0.42 0.35 0.38 0.58
TOPLAM (Total) 98.99 99.93 99.00 99.63 98.23 100-55 100.09 99.43
Q —_ —_ —_ —_ _ - - o
Or 955 6.80 7.16 978 13.83 8.22 6.49 5.05
Ab 28.55 27.32 25.30 33.81 23.78 44.28 32.02 34.04
An 18.97 1790 1825 17.74 18,50 20.37 19.05 24.91
H {Fs —_ — — — — - - 0.48
Y 1En . — 3.27
Mt 449 4,41 555 5.88 3.53 5.59 3.82 5.61
Hm — — — — — 1.61 —
Cc 1.33 095 1.15 0.80 0.97 0.79 0.86 1.32
Ap 1.86 1.73 153 207 1.66 2.16 1.96 2.02
Ne 6.76 4.46 5.74 5.70 3.68 0.86 1.89 —
ol Fo 6.11 872 817 291 484 0.53 6.29 3.48
Fa 1.84 237 1.00 1.02 2.78 2.08 0.56
Wo 7.84 1029 1062 7.33 10.55 4.56 10.59 7.12
Di {En 5.61 7.49 846 5.09 6.52 3.94 7,45 5.54
Fs 1.53 1.85 094 163 3.40 — 2.24 0.81
1l 391 387 395 4.3l 3.90 3.81 3.98 3.99
Al 15.01 13.24 13.48 15.21 13.73 16.10 13.57 15.01
Alk 889 7.45 7.57 9.52 7.75 9.52 7.40 6.88
FM 20.53 24.94 25.29 1749  20.66 13.14 22.15 20.13
k 0.18 0.15 0.16 0.17 0.30 0.14 0.15 0.12
an 025 028 0.28 023 0.28 0.25 0.29 0.37
P 45 46 46 45 48 47 49 52

56



= 5 25 2 5 = S8 |2 |3 =22 | 3
Z 2 | 2< 23 Ze S8 22 |2 = 28 | =
S > E W = S = e 7 =] = ~ &
2c ©oe | DE= S 8= Qe &= 2._-.-__: R 8E } o=
=% |2 | o8& | oF o £ 5= 5= |[oE |08 oE | oF
28 |22 | 288 Z06 v Z& 28 |28 | Zx ’ 28 | =4
10 | 1 | 12 13 14 15 16 17 ‘ 8 | 19 | 2
4740 4900 50.75 45.88  46.40  46.25 4565 46.55 46.15 4320  44.05
1475 1773 16.19 16.53 17.26 16.66 18.40 17.91 1572 1825 18.52
242 349 278 2.87 6.47 4.46 518 4.08 340  5.17 6.39
594 460 521 5.47 3.70 6.47 573 499 556  4.93 2.96
690 420 550 6.90 7.30 5.20 140 720 620  6.83 7.06
1115 7.56 7.29 9.73 9.33 9.28 895 817 918 10.11 9.51
320 6.00 535 5.97 3.95 4.00 525 420 485  4.18 5.10
165 1.35  3.30 1.68 2.30 2.10 1.35 263 120 2.63 2.70
261 226 — 1.47 0.26 0.30 085 0.47 249  0.46 0.45
203 1.87 172 2.17 2.02 2.11 217 198 194  2.34 2.11
073 084 081 1.13 1.04 1.34 164 099 1.15 068 076
0.16 0.18 0.17 0.16 0.16 0.19 0.18 0.16 0.18 0.99 041
042 042 050 g 0.61 0.44 067 039 027 — o
99.36 99.50 99.57 99.96 100.80 98.80 100.42 99.72 98.59 99.77 100.02
9.81 802 19.58 993  13.48 12.56 794 1558 7.19 15.57 15.95
23.33 37.35 27.32 1538 2276  26.40  31.19 2121 2907 435 6.04
21.14  17.54 10.46 13.35 22.39 21.56 2256 2231 17.83 23.32 19.66
353 508  4.05 4.16 6.54 6.54 748 593 500 7.1 476
o ads g g 1.90 i — = = — 3.10
096 096 1.14 s 1.37 1.01 151 089 062 — =
174 200 192 2,67 2.44 3.21 387 235 276 161 1.80
212 7.40 9.83 19.04 5.62 4.26 706 781 6.80 1684  20.10
668 485  6.16 6.21 9.36 6.58 623 1048 7.04  6.88 6.62
251 143 235 1.74 e 2.83 187 181 228 123 -
1129 499 725 11.50 5.41 5.58 282 391 794 939 9.41
775 358  4.96 8.32 467 3.71 202 302 561 722 8.13
264 096 172 2.12 = 1.45 055 047 164 117 —
388 357 328 4.12 3.80 4.05 410 377 373 445 4.00
13.36 16.03 14.63 14.88 15.40 15.17 16.49 16.16 14.34 16.46 16.66
649 10.40 11.36 10.63 8.16 8.20 9.18 895 860 892 10.35
2307 17.23 1977 2286  25.11 22.44  20.40 2420 22.43 2540 2421
0.25 0.13 0.29 0.16 0.28 0.26 0.14 029 0.14 0.29 0.26
034 021 012 0.16 0.30 0.30 028 028 02  0.29 0.23
49 15 42 39 46 147 44 46 45 43 41
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Table 1 (continued)

Rittmann's name §.‘_.; ;?,ﬁ g,*c_: %E E%”’,% _ﬁg _'é-‘-;- gg
€& c2le2 |l o | o= & c % c 2 =
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Irvine & Baragar's § = % - é’ - é__’ > E - ‘é _.“5) = *q.g) = .%.’_ o

RS 53|58 |55 |53 | 282 | 23 53 23
£H |E22 |£8 |£8 | I§% | =2 | £& | T2
1 2 3 4 5 6 7 8 9
N. P. C. 32.27 33.99 3436 2905 38.21 30.83 35.14 42 26
N. C. L. 2422 29.68 29.31 2145 25.61 16.12 26.78 24.52
D. I 44.86 38.59 38.21 49.30 41.30 53.37 40.40 39.09
S. 1 28.02 36.17 36.68 18.59 26.46 10.76 32.72 29.33
o 8.14 5.87 7.22 8.23 6.26 6.75 4.31 4.23
r 574 5.15 5.16 5.14 5.65 6.20 5.18 6.02
Log o 091 077 086 0091 0.79 0.83 0.63 0.62
Log r 0.76 071 071 0.71 0.75 0.79 0.71 0.78
(Fe0+Fe20r,)/SlO, 0.17 0.18 0.18 0.19 018 0.17 0.16 0.17
Al,O3/S 0.34 030 0.31 0.34 0.31 0.36 0.30 634
(N820+K30)/(N320 +K30+Ca0) 040 034 034 044 0.36 0.46 0.33 0.32
An.100j(Ab- An) 9.92 39.58 41.90 34.41 43.75 31.50 37.30 42.25
K,0/Na,O 0.33 027 028 0.31 0.64 0.25 0.26 0.21
Rock groups Kula (Burgaz)
kvl
Symbols 4
Table 2

Results of major element chemical analysis,

C.I.P.W. norms and Rittman parameters of volcanics

=
] ) - o . ] w =
5. | B | B E L E
Sample No = = N = = a
= & =3 > % pey % L 8=
5 o8 o8 DS =2 o=
o XN X XX X0 4

2 3 4 5 6 7
SiO4 47.07 47.32 48.15 48.50 47.55 46.50
Al,O4 17.80 17.78 17 .87 18.14 18.50 17.23
Fe, 0, 2.98 2.41 3.56 3.81 4.32 3.92
FeO 4.85 5.08 5.36 4.99 5.07 5.57
MgO 5.57 5.79 6.60 5.90 5.80 6.30
CaO 8.62 8.63 8.29 8.04 8.21 8.71
Na,O 6.05 5.73 4.19 4.35 4.08 4.08
K, 3.28 3.31 2.55 2.68 2.68 2.68
H,0 0.58 0.65 0.46 0.07 0.51 0.34
TiO, 2.11 1.99 1.75 1.80 2.00 1.89
P,Os5 0.97 0.83 0.90 0.72 1.02 0.88
M2ﬂ0 0.16 0.13 0.16 015 0.17 0.25
CcO - 0.28 0.44 0.44 0.44
TOPLAM (Total) 100.04 99.67 100.12 99.99 100.35 98.79
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X ®no EX-) g2 & O <y c o - S0 = © =20 sL
< | =2 | =& Z2 | <m | S T2 | &2 | m2 | <@ | =2
10 1 ) 12 I 13 ' 14 15 16 17 | 18] 19 20
44.04 26.09 19.31 ~ 22.08 41.06 39.16 34.42 39.45 30.62 41.83 33.21
27.90 19.94 23.10 27.75 27.03 25.60 22.52 25.92 26.00 29.48 27.90
35.27 5278 56.73 14.36 11.88 43.22 46.21 44.61 43.07 36.78 42.09
34.31 21.38 24.84 30.14 30.78 23.39 20.08 31.17 29.23 28.77 29.16
5 06 8.74 9.47 20.21 12.68 10.00 17.57 1275 9.15 155.52 58.41
5.70 6.27 6.29 4.87 6.60 5.98 6.06 6.90 5.59 6.00 6.36
0.70 0.94 0.97 1.30 1.10 1.00 1.24 1.10 0.96 2.19 1.76
0.75 0.79 0.80 0.68 0.82 0.77 0.78 0.84 0.74 0.78 0.80
0.17 0.16 0.15 0.18 0.22 0.23 0.24 0.19 0.19 0.23 0.21
0.31 0.36 0.32 0.36 0.37 0.36 0.40 0.38 0.34 0.42 0.42
030 0.49 054 0.44 0.40 0.39 0.42 045 042 0.40 0.45
47.53 3195 27.68 46.46 49.59 44.95 4197 5126 3801 8427  76.49
0.51 0.22 0.61 0.28 0.58 0.52 0.25 0.62 0.24 0.63 0.53
volcanics Kula (elekcitepe) volcanics
Qkv, Qkv,
+ v
| | s | m
= = '_; s .g .g R R S =22 =
2 o 2 = < =z 2e 27 | 22 2 : g
o = oo™ o P28 o< wT | ® - o= =5
*E s & =  Cs ©g > 2 = o= | ~og
DE L DE | oF o8 =N = R=f f o3 D& o8 2
28 | =24 258 Z= S22 2z g | k< 25 20%
8 | 9 o o |2 || | o 16 17
47.80 46.80 47.25 47.90 50.40 49.30 46.27 45.56 45.24 42.77
17.59 17.36 17.08 18.32 18.05 18.25 19.51 20.50 20.42 18.75
5.01 8.70 4,24 2.21 2.55 1.96 2.76 2.39 2.39 3.63
3.97 1.60 4.69 5.71 4.86 6.34 5.61 5.70 5.70 6.13
5.50 5.30 5.70 5.80 4.00 4.00 4.89 5.19 6.03 5.96
8.66 7.94 8.25 8.15 7.59 7.85 8.21 7.84 8.27 11.14
4.20 4.35 5.00 5.22 5.75 5.30 5.41 5.25 4.85 3.35
2.78 2.78 3.35 3. 45 3.60 3.30 3.50 4.10 3.95 2.38
0.20 0.79 0.25 0.02 0.08 0.10 — 1.86
190 1.86 1.85 1.89 1.76 1.85 1.80 2.10 2.00 2.63
0.96 0.94 0.98 0.88 0.84 0.99 0.51 0.65 0.63 0.90
0.16 0.18 0.18 0.16 0.15 0.16 0.99 0.61 0.56 0.43
0.28 0.39 0.50 0.27 0.38 0.42 — -
99.01 98.99 99.32 99.96 99.99 99.80 99.56 99.89 100,04 99.93
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Table 2 (continued)

1 2 3 4 5 6 7
Q — — -— -— — s
Or 19.37 19.62 15.05 15.90 15.78 16.03
Ab 10.53 10.34 24.19 25.80 25.40 20.26
An 11.72 13.06 22.39 22.14 24.16 21.04
Fs — — — — — —
Hy {En = — ==
Mt 4.32 3.50 5.15 5.54 6.24 5.75
Hm — — — — —
Cc — — 0.63 l 00 0.09 1.01
Ap 2.29 1.97 2.13 1.71 2.41 2.11
Ne 22.01 20.75 6.07 6.04 4.88 7.95
oL Fo 4.42 5.10 9.17 8.10 8.54 8.19
Fa 1.14 1.69 2.65 2.02 1.79 2.49
Wo 10.31 10.21 461 4.33 2.92 5.87
Di {En 7.56 7.10 3.32 3.20 221 4.19
Fs 1.77 2.15 0.87 0.72 0.42 1.16
IL 4.00 3.79 3.32 3.43 3.78 3.63
Al 16.02 16.05 16.06 16.39 16.60 15.70
Alk 12.35 11.94 8.82 9.24 8.77 8.90
FM 19.63 19.81 22.80 21.34 21.60 23.21
k 0.26 0.27 0.29 0.29 0.30 0.30
an 0.12 0.14 0.29 0.28 0.30 0.27
P 38 40 48 48 47 46
< ~ <
_7-3' .gE.J W § g v 2 § i e _‘E o _§ .E )
Rittmann’s name SEBET SST | 29> | 23> | Eg> | 2%
§e& | 685 | z2S 2SS | zz€ | =21
RO S99 ZEeEs8 | =8 =g U O
azZe EZ& | O<& | O<& | O<g& Z&
B .1 8. | 8~ | 3. | B~
Irvine & Baragar's é% -§"—.,’, -§;§ -‘Eﬁ é% 'E.%
Name 83 £8 | €3 | 58 | 58 | 8
< O < O s [=] S =] E o) ] [=]
=% (=1 =% =% (=1 =2
N.P.C 19.88 22.52 39.48 38.17 41.89 38.56
N. C. I 24.20 24.30 24.91 23.43 23.29 25.94
D. 1 51.92 50.72 45.32 47.75 46.06 44.25
S. 1 24.51 25.94 29.65 27.15 26.42 27.94
c 21.47 18.38 8.90 8.74 10.35 11.51
r 5.56 7.26 7.81 7.64 7.22 6.96
Log c 1.33 1.26 0.95 0.94 1.01 1.06
Log 0.74 0.86 0.89 0.88 0.86 0.84
(FeO+ l-ezo,-,)SiOz 0.16 0.16 0,18 0.18 0.19 0.20
Al 03/5 i0, 0.38 0.37 0.37 0.37 0.39 0.37
(Na + K,O)/(Nazo +K;0+CcO) 0.52 0.51 0.45 0.46 0.45 0.43
100I(Ab+ An) 52.67 55.81 48.56 46.18 48.74 50.94
2O/NazO 0.54 0.57 0.61 0.61 0.65 0.65
Rock groups Kula (Divlit tepe) Volcanics
A£]
Symbol ®
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8 9 10 11 12 13 14 15 16 17
16.59 16.59 19.93 20.39 21.28 19.54 20_.77 24.25 23.33 14.07
24.85 25.76 18.11 14.13 22.95 22.61 6.68 2.20 0.96 5.48
21.14 19.83 14.36 16.37 12.81 16.29 18.69 20.28 22.27 29.11

7.33 (8)25 6.19 3.20 3.70 2.85 4.02 3.47 3.46 5.26
— 54 — pte . i s =g s = i
0.64 0.89 1.14 0.61 0.86 0.95 — — -—
2.29 2.25 2.33 2.08 1.99 2.30 1.21 1.54 1.49 2.13
5.98 6.19 13.26 16.28 13.93 12.09 21.29 22.90 21.70 12.39
6.18 6.49 6.15 6.91 3.73 4.78 5.23 6.39 7.70 6.27
0.15 —_ 1.14 3.08 1.73 3.84 3.26 3.36 3.52 2.19
5.90 4.70 7.19 6.94 7.08 5.67 7.88 6.01 6.10 8.47
5.01 4.06 5.50 4.58 4.63 3.15 4.76 3.81 4.01 5.90
0.11 —_ 0.92 1.85 1.95 2.30 2.69 1.81 1.66 1.87
3.64 3.57 3.54 3.59 3.34 3.52 3.43 3.99 3.79 499
16.00 15.78 15.48 16.50 16.25 16.46 17.64 18.46 18.36 16.88
9.17 9.39 10.91 11.28 12.22 11.27 11.66 11.99 11.22 7.40
20.74 21.47 21.14 20.26 16.06 17.12 19.87 19.74 21.33 22.76
0.30 0.30 0.31 0.30 0.29 0.29 0.30 0.34 0.35 0.32
0.27 0.25 0.17 0.18 0.14 0.18 0.20 0.21 0.24 0.39
47 45 41 42 42 43 42 41 42 46
03 | g, |28, | se. |22, sy, | 2, | gy, | g 3
222 | 3% | 53% | 33% | 59f | 3Ef | =% | 53t | §%f | 3t
= - — (=] = - — — — c
o< Z EzE | BzZ8 | aze | BzE | azZe | azd | EzZS ZQ
L0 © o © o « ST < <o Iy TN
£ | 2% | 23 | 2% | 8% | 2% | 8% | 2% | &3 | E.%
s = =3 = @ =« =« = o =« ] Te 3
) 85 80 @8 &8 &8 &§0° ) 85 X8O
=1 =% =& (=4 (=1 =& =% =1 =L | <@
37.78 35.47 26.32 28.41 21.72 27.59 30.72 33.44 37.49 52.69
23.22 23.67 24.21 23.73 19.59 20.67 23.83 23.23 24.60 27.21
47.43 48.54 51.31 50.81 58.17 54.25 48.74 49.36 46.00 31.95
25.63 23.32 24.80 25.90 19.27 19.14 22.06 22.93 26.31 27.79

9.42 12.13 15.45 15.29 11.79 11.60 23.05 33.57 3483 —164.33

7.04 6.99 6.54 6.93 6.99 7.01 7.82 7.26 7.78 5.85

0.97 1.08 1.19 1.18 1.07 1.06 1.36 1.52 1.54 —

0.84 0.84 0.81 0.84 0.84 0.84 0.89 0.86 0.89 0.76

0.18 0.22 0.19 0.16 0.14 0.17 0.18 0.17 0.18 0.23

0.36 0.37 0.36 0.38 0.36 0.37 0.42 0.44 0.45 0.43

0.44 0.47 0.50 0.51 0.55 0.52 0.52 0.54 0.51 0.34
45.96 43.49 44.22 53.67 35.82 41.87 73.66 90.21 95.86 84.15

0.66 0.64 0.67 0.66 0.62 0.62 0.64 0.72 0.81 0.71

Kula (Divli ttepe) Volcanics
kV3
®
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C. I. P. W. norms of the livas show us the laking of silika. Olivine (mostly as
forsterite) and nepheline are seen on the C. I. P. W. norms calculations. They also point
out the lacking of silica. There is not hypersthene externally, and diopside is presented
generally in wallostonite. Magnetite is presented in all samples and hematite is pre-
sented in few ones on the norm calculations. Besides the results of the petrographic
investigation both the results of the chemical analysis and the C. I. P, W. norms which
were externally calculated demonstrate that Kula lavas are alkali.

The Ritmann parameters of the lavas which are needed in Rittmann no-
menclature (1952 and 1962) were used on Rittmann diagrams and the samples were
classified. Kula lavas are classified as phonolitic nepheline tephrite, nepheline tephri-
te, nepheline basanite, andesine basalt, olivine-andesine trachybasalt according to
Rittmann.

The results of the chemical analysis of the lavas and various parameters which
were calculated by computer were casted on various graphs and those results were ob-
tained as follows:

1 — Volcanics are alkali according to SiO,/Alk (Na,O4-K,0O) diagram (Fig. 4).

2 — Basalts are alkali. This result was deduced from Rittmann (1953)
diagram. If P value of the basalts is less than 55 the lavas are alkali. P va-
lues of the Kula lavas are between 39 and 52, all of them fall into the alka-
line area of the diagram (Fig. 5).

3 — o: (Na,04-K,0)%(Si0,—43) Rittmann index was calculated and the Ri t-
tmann (1960) diagram was plotted (Fig. 6). If the Rittmann index is
less than-4 the lavas are calc-alkaline. The Rittmann indices of Kula lavas
changes between 4,21 and 155,52. Their mean value is around 10 and it is
deduced that the Kula basalts are strongly alkaline. ¢ values of the first
stage lavas are the lowest and the alkaline ratios of the lavas become higher
to the third stage. Furthermore, the lavas vary to more potassic from the
oldest stage to the youngest one.

4 — Alkaline character of the volcanics were confirmed by Ol’-Né-Q’ triangle
diagram (Fig. 7). All the lavas fall into the alkaline area of the diagram
offered by Irvine and Baragar (1971).

5—Keller atal. (1978) classified the volcanics of the Mediterranean region
according to their (K,0+Na,0)/(K,04Na,0+Ca0) contents. Kula volca-
nics fell into the basalt and trachybasalt areas of that offered diagram.

6 — It was pointed out that Kula lavas are alkali basalts according to Kuno
(1960) diagram which was arranged considering their Al,O,; (Na,0+ K,0)
and SiO, contents (Fig. 8).

7—Saggerson (1970) diagram of the volcanics which was offered regarding
their alkali-iron contents (Na,O +K,0) and (FeO-Fe,O,)/(FeO--Fe,0;-} MgO)
shows us that Kula volcanics fit the Hawaii alkaline trend and they are stron-
gly alkaline (Fig. 9).

8 — r values which were developed by Gottini (1968 and 1969) were calculated
in order to investigate the origin of the magma which was formed Kula lavas.
4.87-7.81 values have been obtained from r=(Al,0;—Na,0)/TiO, formula.
r values versus SiO, diagram were plotted and it was found out that the r
values are nearly constant when SiO, increases. However the low r values of
the first stage slightly increase on the third stage. r >10 for the volcanics
of the sialic origin and r < 9 for the volcanics of the simatic origin. Therefore,
Kula volcanics have simatic origin.

Gottini also established a concern between the Gottini index (r) and the Rittmann
index (o). He calculated the logarithmic values of those indices and offered a sialic
origin-simatic origin diagram. Logarithmic values of the both indices of the Kula vol-
canics were calculated and the lavas fell into the simatic origin area of the log. r- log.
o diagram (Fig. 10).
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Fig. 5. Rittmann diagram of Kula vocanics

Differentiation indices of the Kula lavas were also calculated. The formula of
that index is D.I.=q+or+ab-lc+ne+ks according to Thornton and
Tuttle (1960), The D.I. indices of Kula volcanics vary from 31.95 to
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58.17. They are lower in the first stage lavas and higher in the third stage.
The mean index value is 46. The mean differentiation indices of the basalt
family lavas in the world according to statistical researches are as follows
(Le Maitre, 1976):

Rock Name Mean D. I. value
Mugearite 54.5
Trachybasalt 46.5
Hawaiite 42.5
Basalt 31.5
Basanite 33.5
Nepheline-Leucite Basalt 28.5
Tephrite 47.5

Therefore it is realized that Kula Basalts are tephrite, trachybasalt and hawaiite
in nature.

Additionally the diagram of variation of major elements versus D.I. values were
plotted (Fig. 11). It shows us the increase of D.I. values is dependent on the increase
of Si0,, K,0, Na,O, Al,O; contents and the decrease of CaO, MgO, TiO, and
total Feoxide contents. These pecularities conform the variations which Thornton
and Tuttle (1960) offered. Thus, it was proved that basaltic magma has a nor-
mal crystallization stage.
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(Saggerson, 1I970)
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10 — Kula basalts were also named according to Coombs and Wilkinson
(1969) classification (Fig. 12). For this purpose, D. I. values and (An. 100)/(Ab+An)
contents of the lavas were calculated and they were used in the diagram. It was confir-
med that the lavas are partly sodic and partly potassic. Calculated values fell into
the areas of trachybasalt, alkali olivine basalt, hawaiite and nepheline hawaiite, tra-
chyandesite and feldspathoidal trachyandesite of the diagram.

11 —H.de laRoche (1978) chemical parameters of the volcanics were cal-
culated as well. By using the values of K-(Na+-Ca); Si/3-(K-+Na+2Ca/3); 6 Ca-2Mg
+Al; 4Si-11 Na-}K-2 (Fe-Ti) on the graphs it is once more confirmed that Kula lavas
are hawaiite, tephrite and basanite according to chemical characteristics (Fig. 13).

12 — Kula lavas were also named as latite basalt (trachybasalt), phonolitic teph-
rite, tephritic phonolite, alkali basalt by using Streckeisen (1967) pair trian-
gle diagram (Fig. 14).

13 —The Irvine and Baragar (1971) classification which is the most
developed classification on basalts was also applied to Kula lavas (Fig. 15). The An-
Ab’-Or triangel diagrams were plotted in order to distinguish the sodic lavas and po-
tassic ones. N. P. C. and N. C. 1. parameters which were calculated were used
on diagrams. N. P. C. is normative plagioclase composition and was calculated

by using the formula of 100 An/(An+Ab+—’3—.Ne). N. C. I. is normative color index

and was calculated by using the formula of OL+4Opx+Cpx-+Il+Hm-+Mt. It was
confirmed that alkali sodic Kula lavas can be named as hawaiite (one of them is mugea-
rite), and alkali potassic Kula lavas can be named as alkali basalt and trachybasalt.
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Fig. 13. H. de 1a Roche (1978) diagrams of Kula basalts

68

90+
Trochyte & Trachyte &
8-0- Phonolite Thonolite
\(' D g B i [ [ i e ek O e S 75
2 } Tristanite & Benmonte &
70- . }c, : Feldspors Tristanite Nepheline Benmorite -
Q° Trochybasalt & *Trachyandesited, 1|
604 Feldspars : Feldspor ® |
Trachybasalt .Trochyen.desits_ S |
.2 ° ! I
50" ° e o ! 8. o + ' '
. o ® .:o. * A+ , Mugearite,_
'a) 40~ 4 ‘A“ 4 :Nepﬁeline :
' *-g. ++ . Mugearite |
a4 :+ . '
! !
-} [ ' 0
0 (Hawaiit & ' ,
20 Alkaline Olivine Basalt & :Nepheline Hawaig .
Nepheline Basalt ! A :
g i | 00' '
‘
10+ \ : ] :
: ' Q]
. ) .
[} ] il
LB - % T A T T j § T T
90 80 70 60 50 40 30 20 10
An x100
Ab +An

Fig. 12.Coombs and Wilkinson (1969) classification of Kula basalts

200
- -
*/* BR . 150
~ DR 4
P
A
1004
/ 50 o
Tr, 4 :1”
o
_ +
M- 0 32
<
-501 ;
._I s
-100
T T v +
450 00 -50 0 SO
’ K- (Na+ Ca)
F . Phonalite AB: Alkaline Basalt Tr : Trachyte
Te:Tephrite H : Hawaiite To : Tholeiite
B: Baosanite M : Mugearite

At : Tholeiitic Andesite

3000+
<
+
£
2000 . B & l g ~
Ab i T T oAB [T &
o' “' 5,/“; A E
+ Fe80, ] LA
v N lA
1000 i N
\ b
/F T DR\~
\ 1
i =
T U 'R
1000 0 1000 2000 3000
L Si-Il Na+X - 2(Fe+Ti)
DR: Docite Rhyodacite —— Alkaline underscturated
A : Andesite — ——= Alkaline
R : Rhyolite —x—x— Tholeiitic
—!—1— Calcalkaline



DACITE
< QUARTZ LATIT 20
QUARTZ
ALKALINE QUARTZ i ANDE SITE THOLENTIC
TRACHYTE TRACHYTE LATITE QUARTZ LATITE BASALT
5 BASALT 5
X m— e i s EATTTE ANES P
ALKALINE TRACHYTE LATITE ALKALINE ANOESITE
TRACHYTE . ALKALINE BASAL?
+ of
L]
% o .
% L ]
6 |
(i §9°A A

TEPHRITIC PHONOLITIC
PHONOLITE TEPHRITE

L0

pHONOLITIC | TEPHRITIC
PHOYIDITE |

7 . MEPHELINITE
LEUCITITE

Fig. 14. Nomenclature of Kula basalts according to Streckeisen
(1967) triangle diagram

The results which were obtained by scattering the consequences of the chemical
analysis of the Kula lavas on the graphs can be summarized as follows;

a) There is no chemical difference between the lavas of all three stages and all the
lavas are merely alkaline. They derived from an alkali olivine basaltic magma and
have 1a direct mantle origin. They had been formed by partial melting of the peridotitic
mantle.

b) The lavas are partly sodic and partly potassic. Their potassium content increa-
se from first to third stage. The younger lavas are more potassic then the old ones.

c¢) Lavas are named various names according to methods which were offered by
various investigators. Regarding all nomenclatures Kula lavas which had been named
as “Kulaite” by Washington (1894-1900) long time ago, generally can be named
as hawaiite and trachybasalt and secondly can be named as tephrite and mugearite.
Sodic lavas are hawaiite, potassic lavas are trachybasalt in nature. Potassium content
increase from the oldest lavas to the younger ones.
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Discussion

Studied area is in the north of Alasehir-Salihli (Gediz) graben and it is clear that vol-
canism is related to that graben system (Fig. 2). If all grabensin Western Anatolia are
considered it will be realized that they have been active since Middle Miocene (Fig
16). Some investigators—Dewey and $engdr (1979), $engor (1980), G 8-
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ziibol and Giir pinar (1980) suggested that in Eastern Anatolia, Aegean plate
and Anatolian plate started to collide in Middle Miocene and as a result of that colli-
sion a compression tectonic dominated in the region. After that collision and continen-
tal crust thickening East Anatolian transform fault was developed in the progressive
stages of the compression according to plate tectonics model of Turkey was taken from
Ketin (Fig. 17). The Aegean-Anatolian plate had started to be pushed along the East
Anatolian and the North Anatolian transform faults. Eastward moving Aegean-Anato-
lian plate met the African plate in the west of Greece. For African plate hindered the
move of Aegean-Anatolian plate (Sengdr, 1980) an E-W compression occur-
red in all Aegean Sea and Western Anatolia. Additional N-S tension against
compressional power caused to originate Aegean graben system (Fig. 16). Thus,
it was concluded that Kula alkali basaltic lavas which were formed from a
plume shaped primitive magma generated from a hot spot of the mantle re-
ached to the surface via the fracture system of Alagehir-Salihli (Gediz) gra-
ben which was originated together with the other grabens of West Ana-
tolia. Actually, Borsi at al. (1972) found 0,7020; Er can at al. (1985) also
found 0,70342-0,70299-0,70315 values of 87 Sr/86 Sr isotop measurements on Kula
basaltic lavas. These results proved that volcanijsm has a mantle origin. The rift system
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Fig. 17. Plate tectonic model for Turkey

in Western Anatolia is recently active and according to the theory of plate tectonics
it will continue for a while. Therefore, it is possible that Kula volcanism will be re-ac-
tive and new alkali basaltic lavas will be formed in future.
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