DISTRIBUTION OF THE MAJOR AND TRACE ELEMENTS IN THE VOLCANIC ROCKS
OF YOZGAT AREA, TURKEY

Goniil BUYUKONAL*

ABSTRACT. — The investigation has been carried out the petrographycal and geochemical properties of the volcanic
rocks in Yozgat area. These volcanic rocks are compared with some other volcanic formations and their origins are ex-
amined. The volcanic rock units of investigated area are pre-Lutetian diabases, amygdaloidal basalt intercalated with Lute-
tian sediments, tuff, agglomerates and post-Lutetian andesite-basalts. These volcanic rocks of the region present an affin-
ity to the calc-alkaline suites of the island-arcs.

INTRODUCTION

Purpose of this investigation is to determine the petrological and geochemical characteristics
and to establish the conditinal origin of the rocks in Yozgat area. By using the analysis of major and
trace elements of lavas in this research region, were explained about the plate tectonics attitude of this
area and this result will be provided to the future studies. The age ofthe layers have been determined
by the work on lithology and stratigraphy of the area (Biliyiikonal, 1979). The oldest unit of the lavas,
namely diabases, which is overlain by Lutetian sandstones around the Kosekkomii region. The amyg-
daloidal basalt crop out around Yozgat city and generally west and south-west of the investigated
area. Basalt-andesite which is the youngest unit is existed the northwest of Yozgat city (Fig. 1).

Some geological studies were made for different purposes by the researchers in Yozgat area.
Between 1867 and 1950 the researchers agreed that the area was interior region of Kirsehir massif
which is Paleozoic age (Chaput, 1947; Lahn, 1949 and Bailey-McCallien, 1950). Most of acidic
and basic igneous rocks in the region are influenced by Hersinien and Alpine orogeny.

New studies and age determination carried out after 1950 were under the hypothesis that
plutonites are Tertiary in age and these acidic and basic rocks combinational settled at the same or
within a very close time interval (Ketin, 1954, 1955, 1961, 1966; Ataman, 1972, 1974). Tiimer-Remzi
(1975), found hematite, magnesite and wolframite ores in vicinity of Yozgat. The contact of the acidic
intrusion and sedimentary units bearing-flourite have been explained.

GEOLOGY

Magmatism is dominant in the studied area. In the vicinity of Yozgat was cropped out by pre-
Lutetian diabases, the submarine volcanic units, of Lutetian age, tuff, sandstones in rich fossils
and consisting fine holocrystaline texture of basalt-andesite of post-Lutetian age with basic and acidic
plutonites. The acidic plutonites are essentially granites, but the basic plutonites are gabbros.
The age of these plutonites are the Upper Cretaceous-Eocene and they have been overlaid by the
Eocene flysh. The region studied were under the effect of Alpin orogeny and exhibits a faulty struc-
tural generally, in the direction of southeast and northwest (Biiyiikonal, 1973).
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Fig. 1 - Geological map of Yozgat region.
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The volcanic units as amygdaloidal basalt and diabases in Yozgat region are altered. Also,
the amygdaloidal basalt are intercalated with agglomerates and Lutetian sandstones. On the other
dde, the basat-andesite are very dark colour and show column structure.

PETROLOGY OF THE LAVAS OF YOZGAT

Thin-sectiond lavas examination shows, diabasic, porphyric and holocrystaline textures.
The chloritisation at all of the crystals in the matrix were observed and most of the feldspars in
the lavas show the albitisation.

The most of lavas consist of diabase, amgydaloidal basalt and andesite-basalt units. The term
andesite-basalt were used based on its mineralogical and-petrographical characteristics (Moorhouse,
1972) and (Coat, in Hess and Poldervaart, 1968). The two investigators used the terms andesite-
basalt or basaltic-andesite interchangeably. The amygdules of the amygdaloidal basalts filled with
chalsedony, zeolite (natrolite) and quartz. The magma samples to which lavas belong were examined
and interpretation of the field completed under the light cast by the principles of plate tectonics.
The major and trace elements analysis carried out at Oxford University and at the University of Vienn,
by utilization of the XRF melting method, on 10 lava samples taken from the area for the
purpose of solving problems of origin were utilized and the results produced were evaluated. Places
where the samples were taken are shown in Figure 1 and the chemical results of the major and trace
elements are shown a Table 1 and 4.

Rittmann parameters, CIPW norms and Sl index were computed.

Since the classification of volcanic rocks of Yozgat were completed according to alkali
(NaO+K,0) and SO, contents Irvine and Baragar (1971), MacDonald and Katsura (1964) and
Kuno (1960), it can be observed by using the concept of segmantation most lavas are at the subal-
kalin region, but majority between the lines dividing MacDonald and Katsura with Kuno (Fig. 2).
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Fig. 2 ~ Classification of the volcanic rocks of Yozgat region according
to alkaline versus silica content.
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On the other hand, the samples taken from the Yozgat area were shown in the Rittmann
(1953) diagram (Fig. 3) and they formed a calc-akaline region according to these diagram
arrangements which was made according to the An-SIO, contents.
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Fig. 3 - Rittmann (1962; in Wright, 1969} diagram of the volcanics of Yozgat region.
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The using serid index contemplated by Rittmann (1962) and Wright (1969), to determine the
origin of the volcanic rocks of the region, were computed for the lavas. It came to a conclusion that
the values all the samples except one, ranges between 1.84 to 3.05. This indicates that a less the four
Rittmann index is enough to classify calc-akaline P values of the arealavas were computed by use of
Rittmann parameters and are changing between 59 and 62. Thisis anoccurance supporting the
conclusion that the volcanic rocks are of calc-adkaline type (Fig. 4).

Other parameters were used to classify Rittmann (1953) volcanics and it was seet that samples
on the hand could be classified under such names as pigeonite, andesite, olivine andesite-basalt,
dacite and trachy andesite (Table 2). However, it must be expressed here that the quartz, olivine
and pigeonite formations theorotically extracted during the norm analysis were not observed du-
ring the microscopic studies. This condition is used to explain that there could not always be a
complete match in classification of volcanics solely by basing them on mineralogica compund
norm analysis (Blyukonal, 1979).

The samples from the studied area were classified according to the Rittmann (1952)
normative names in addition to Taylor (1973) who based his classification on K,O contents of the
SO, function. The normative plagioclase and normative color index of Irvine-Baragar (1971)
together with diagrams drawen by Cox and others (1979) according to the Na,O+K,0 and SO,
contents appear along with the diagrams of Di Paola (1974), in Ercan and others (1983) where
K,0O/Na,O and SO, functions are given. Table 3 classifies units by using of the principle of
comparing them with each other. In addition to this classifications by Taylor, Irvine-Baragar,
Di Paola, Cox and et a. are given by the following diagrams in Figure 5, 6, 7, 8, 9.

The samples of the region are evaluated-in diagrams of Rittmann (1952), Taylor (1973), Cox,
et a. (1979), Irvine and Baragar (1971) and Di Peola (1974 in Ercan et a., 1983). However the
character of cac-adkaine, have been taken in different names when evauated in these diagrams
mentioned above (Table 3). Having K,O/Na,O> 1 aso indicate that these are the calc-akaline origin.
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Fig. 4 - The places of the volcanic rocks of Yozgat region according to P values in the diagram of an versus
Si0; of Rirtmann (1953}

Table 3 - Classification of the volcanic rocks in Yozgat region according to another investigators.

Sample no.  Rittmann Taylor Trvine-Baragar Dé Paola Cox, and et al.
388 (1952) {1973) (1971) (1974) (1979)
BCR 39 Dacite Andesite Andesite Andesite Trachy-andesite
BCR 48 Qlivine Al rich basale Basalt High Al basalt Basalt

andezine basalt
BCR 45 Pigeonite, andesite Andesite Andesite Andesite Basaltic-andesite
BCR 43 Pigeonite, andesite Andesite Andesite Andesite Trachy-andesite
BCR 70 Trachy-andesite  Poor Si.andesite  Andesite Poor Si.andesite  Basaltic-andesite
BCR 77 Pigeonite, andesite Andesite Dacite Andesite Trachy-andesite
BCR 90 Dacite Andesite Dacite Andesite Trachy-andesite
BCR 66 Dacite Andesite Dacite Andesite Trachy-andesite
BCR 89 Olivine, andezine Al rich basalt Basait High Al basalt Basalt

basalt
BCR 190 Pigeonite, basalt Al rich basalt Basalt High Al, basale Basalticeandesite
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Fig. 5 - Classification of the volcanic rocks of Yozgat region in Irvine-Baragar (1971} diagram.

The Sl index of the samples were used in the classfication of the volcanic rocks (Hutchison,
1974). According to these, the lavas of the region have been named as basalt, andesite, basaltic-andesite
and dacitic-andesite (Buyukonal, 1979).

Furthermore, according to the diagram of An+Ab'+Or of Irvine and Baragar (1971), the
volcanics of the area could be classified as transitional  and generally sodic in character (Fig. 5).
However, while some of the rocks show sodic dacite character, others take place in the section of
andesites poorin K in this diagram.

Trace element contents such as Y, Zr, Rb  and Sr of some of the lavas of Yozgat and its
close vicinity are given at Table 4 together with Ti, K, K/Rb and Rb/Sr ratios.

TheY distribution of the lavas of this area range between 16 and 18 ppm. Calc-alkdine rocks
Zr vaues are relatively higher than tholeiites (JakesWhite, 1972). According to the Zr vadues, the
samples of this area can again be classfied as cdc-akdine type.

The Rb distribution of volcanic rocks of Yozgat, broadly varies between 0.32 ppm and 98.80
ppm. The highest values may be interpreted as tendency progressing towards the shoshonites
(Jakes-White, 1972).
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However, the Sr values are rather stable. Except two samples Sr contents range between
300 and 380 ppm. The concentration of Sr plays an important role for identification of the idand
arc tholeiites. The geochemica characteristics of the samples of Yozgat region conform to
the calc-akaline suites of the island-arcs. The mobility of the Rb contents of samples caused to
raise a family broad range in K/Rb ratios. A decreasing in the K/Rb ratios of the volcanics of the
island-arc towards the contient in favor of shoshonites, had been asserted by Jakes and White
(1972). Besides these, the lavas of the investigated area display a calc-alkdine trend in the diagram
of Pearce (1973), McCurry and Wright (1977) employed Zr versus Sr (Fig. 10).

Pearce and Cann (1973), Bickle and Pearce (1974) in their diagrams showed Ti+Zr+Y
(Fig. 12), Ti+Zr+Sr (Fig. 12) and Zr-+Ti (Fig. 13) relationships and places of the volcanic rocks
of Yozgat region generally with the island-arc calc-alkaline partly of tholeiitic calc-akaline.

Sr {ppm])
'y

1000

POOR K. THOLENTES

'fc & A & R Y AA' M PR "Zl‘(nl‘l)

0o
Fig, 10 - Sr{Zr diagram of the lavas in Yozgat region.
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Fig..11 - Triangle disgram of Ti+Zr4Y of volcanics in Yozgat region.
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Fig. 12 - Triangle diagram of Ti+Zr+-Sr of the lavas in Yozpat region.
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Fig. 13 - Diagram of the Ti versus Zr of the Yozgat region’s volcanics.

CONCLUSION

Following interpretations are given for further discussion of the results of studies on the vol-
canic rocks of Yozgat area composed partly of the Kirsehir massif which is located in the Central
Anatolia. The Zr in calc-alkaline rocks is higher than tholeiites and reported to be around of 100 ppm
(Jakes-White, 1972). Zr value of volcanic rocks of Yozgat is generally higher than 100 ppm
which may show, a calc-alkaline trend.

In general, trace elements such as Rb and Sr exhibit very broad distributions in concentration
and increase towards the continental margin commencing from oceanic side, and also increase to-
wards the youngest unite (Jakes-White, 1972). The Rb distribution is observed between (.32 and
98.80 in the lavas of the area. The highest Rb value is interpreted as a transition towards the shosho-
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nite. The Sr varies between 300 and 380 ppm in the rocks which is consistent to the calc-alkaline suites
of the islandarcs. The changings in the concentration of the Rb control the K/Rb ratios. It was re-
ported by Jakes and White (1972) that the K/Rb ratio indicates the highest value in the island-arc,
tholeiites and decrease towards the shoshonites which are formed in the interior parts of the
continent. Therefore, volcanic rocks of Yozgat, extends in character between tholeiites and shosh-
onites and generally exhibit a calc-alkaline trend. In the diagrams of Pearce, 1973 and McCurry-
Wright, 1977 based on the relation of Zr and Sr, the lavas of Yozgat are taken place in the calc-alka-
line section. This statement is also consistent to the view of Bickle and Pearce (1975).

In conclusion, it can be asserted that the lavas of the area were generally, in calc-alkaline
character, but very few ofthem display a tholeiitic calc-alkaline trend.

In future studies, making increase the number of samples and examining of the trace and
REE would help to clarify the geotectonical settlement problem of the region.
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