Tiirkiye Jeoloji Biilteni Cilt 48, Say1 1, Ocak 2005
Geological Bulletin of Turkey Volume 48, Number 1, January 2005

Acigol-Isparta Yoresi (GB Tiirkiye) Tersiyer Istifinin Kil Mineralojisi,
Koken ve Kaynak Bolge Acisindan Yorumlanmasi

Clay Mineralogy ofthe Lower Tertiary Sequence in the Acigol-Isparta Region (SW Turkey):

Origin  and Provenance

Emel BAYHAN Hacettepe Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi
Bolumii, Beytepe, 06532, Ankara
(e-posta: ebayhan@hacettepe.edu.tr)

Sezin HASDIGEN Hacettepe Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi
Boliimii, Beytepe, 06532, Ankara
(e-posta: hasdigen@hacettepe.edu.tr)

Oz

Calisma alani, Tiirkiye'nin giineybatisinda Acigdl - Isparta arasinda yer almaktadir. inceleme alaninin
temel kayaclarini Triyas-Jura yash beyaz renkli kristalize kirectaglar1 ve Kretase yashi tabakali kirectaglar
olustururken, temelin tizerine Alt Tersiyer yagl tlrbiditik kumtaglart marn ve kiltasi yer almistir. Bu Tersiyer
serilerinin lizerinde Miyosen yasli konglomera, kumlu marn ve kiltagi ile Pliyosen yasli marn, konglomera ve
tiirlerden olusan gol ¢okelleri yer almaktadir. En tstde ise Gec Pliyosen-Kuvaterner yash karasal kirmizi seriler

bulunur.

Ust Kretase-Tersiyer yash kayaclardan olciilii stratigrafik kesitler boyunca érneklemeler yapilmistir.
Derlenen numunelerin tiim kayac ve kil fraksiyonunun mineralojisinin belirlenmesi yaninda kimyasal analizler de
yapilarak bolgedeki kil minerallerinin kokenini tespit etmek ve kaynak bolgeyi saptamak bu calismanin amacidir.

Tiim kayag analizlerinde kalsit, kil, kuvars, feldispat ve dolomit mineralleri belirlenirken kil fraksiyonunda
simektit ana kil minerali, illit minerali ise ikinci derecede 6nemli mineraldir. G6liin dogu kisminda Paleosen-Erken
Eosen yagli birimler ile, Orta, ve Geg¢ Eosen yasli birimlerde simektit hakim mineral olarak saptanirken, illit ve
klorit ikinci derecede 6nemli minerallerdir. Az miktarda kaolinit ve talk da bulunan diger minerallerdendir. G6liin
bat1 kisminda ise, Paleosen-Eosen-Miyosen serilerde illit hakim mineral olarak goriilmektedir. Pliyosen birimlerde
simektit minerali hakimdir. Kil fraksiyonun kimyasal analiz sonuclarina gore, kirintilibirimlere bagl 6rneklere ait
kil fraksiyonu A1,0, bakimindan, kimyasal ¢Okelim birimlerindeki kil fraksiyonlar1 ise MgO bakimindan
zengindir. Ayrica bazi1 6rneklerde serpantin mineralinin de bulunmasi depolanma havzasinin iki farkli kaynakdan
beslendigini gostermektedir. Caligma alani icinde illit ve kloritler ¢evredeki metamorfik kayaglardan tasinan
detritik minerallerdir, serpantin minerallerinin, ultrabazik kayaglardan kaynaklandigi, kil fraksiyonunda kirintili
birimlere bagl simektitlerin ise farkli kaynaklardan tiireyen detritik malzemenin transformasyonu ile olustugu

diistiniilmektedir.

Anahtar Sozciikler: Acigol Isparta, Kil, Simektit, Tersiyer, Tiirkiye.
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Olgiilii stratigrafik kesit yerleri
B km

Sekil 1. Inceleme alaninin jeoloji haritasi (Pamir 1964 ve Blumenthal 1963)'den almmustir
Figure 1. Geological map of the study area (after Pamir 1964 ve Blumenthal 1963)

MALZEME VE YONTEM

Inceleme alani en iyi temsil edebilecek sekilde
secilen yerlerden 7 adet stratigrafik kesit 6l¢iilmiis ve bu
kesitler boyunca ornekler toplanmig ve 6rnekler tizerinde
tim kayac ve kil fraksiyonunu olusturan mineraller
belirlenmistir. Tim kaya¢ mineral parajenezlerinin
saptanmasinda ASTM (1972) kartotekslerinden
yararlanilmis ve Gilindogdu (1982)'ye gore bu
minerallerin yan nicel ytizdeleri belirlenmistir. Tim
kayadan santrifiijleme, sedimantasyon ve cesitli asitler
(ozellikle seyreltik HC1, N O, kullanilarak elde edilen 2
mikrondan kiiciik kil boyu fraksiyon {lizerinde
numunedeki mevcut kil minerallerini belirlemek igin
bazi 6zel cekimler yapilmistir. Kil mineralleri normal,
etilen glikollu ve 500° C de firinlanmis olmak lizere lic
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ayri ¢ekim yapilarak Brown (1961), Millot (1970),
Moore and Reynolds (1997) ve Wilson (1987)'ye gore
degerlendirilmistir. Ayrica kil fraksiyonunun kimyasini
belirlemek amaciyla ana element oksit analizleri
yapilmigtir. Bu analizler Philips PW-1140 model X-
isinlan difraktometresi ve Philips PW-1480 model X-
1sinlart  floresans spektrometresi ile Hacettepe
Universitesi Laboratuvarlarinda gerceklestirilmistir.

TUM KAYAC VE KiL FRAKSIYONU
MINERALOJISI

Isparta - Acigdl arasinda Olgiilii stratigrafik
kesitler boyunca aliman Orneklerin tiim kayac ve kil
fraksiyonu sonuglari Sekil 3-4-5-6-7-8-9 ile gosterilmis
olup kil, kalsit, mika, kuvars ve feldispat tiim kayagda



tespit edilen minerallerdir. Bu mineraller i¢inde kil tim
orneklerde tespit edilmis olup, %3-64 arasindaki
bolluklardadir. Mika %4-42, kuvars %l-25, karbonat
minerali olarak kalsit %8-72 arasinda degisen
bolluklardadir. Bunun disinda sadece birkag 6rnekte %2-
95 arasinda dolomit de tespit edilmistir.

Acigol - Isparta yoreleri kil fraksiyonunda
simektit, illit, kaolinit, klorit, serpantin, 14S-14C ve talk
tespit edilen minerallerdir. Simektit minerali sadece dort
o6rnekde mevcut olmayip digerlerinde %4-100 arasindaki
bolluklardadir. illit de simektit gibi yaklasik her ornekte
mevcut olup %5-62 arasinda yiizdelerde bulunmaktadir.
[1lit ve simektitin haricinde kaolinit %4-72, klorit % 4-17,
talk %9-21 oraninda bulunmus olup, serpantin minerali
sadece li¢ Ornekte az oranlardadir (%7-10). Bunlarin
disinda 14S-14K interstratifiyesi birkag ornekde tespit
edilmistir. Sadece iki 6rnekte % 71 ve 91 gibi yiizdelerde
bulunmasina ragmen bu mineralin genel olarak bolluk
orani %2-6 arasinda degismektedir.

Bolgede yapilan olgtlu kesitlerde Paleosen-Alt
Eosen yash serilerde, Burdur goliiniin dogu kisminda

LITOLOJI

ACIKLAMALAR
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simektit hakim olup, (Sekil 3-4-5) illit ikinci derecede
onemlidir. GoOliin bat1 kisminda ise illit hakim olup,
simektit ikinci derecede 6nemli mineral (Sekil 6-7-8-9)
olarak goriilmektedir. Ayrica goliin bat1 kisminda ¢ok az
olarak talk minerali de saptanmustir. Orta-Ust Eosen yasl
birimlerin kil fraksiyonu icinde simektit yine hakim
mineral olarak goriilmektedir. Simektitle birlikte az
miktarlarda illit, klorit, kaolinit bulunan diger
minerallerdir. Burdur goliiniin dogu kisminda Eosen
yaglt birimler i¢inde serpantin, bati kisminda ise talk
minerali tespit edilmistir. Golin bati kisminda Eosen
yasgl birimler ile dogu kismindaki Eosen yaslt birimlerin
mineral bolluklart farkhdir.

Miyosen yagh birimler calisma alaninin dogu
kisminda Olculmus (Sekil 8), illit ana mineral olarak
gorilmektedir. Daha az oranlarda klorit, kaolinit,
simektit ve talk bulunan diger minerallerdir. Pliyosen
birimi ise yine golin bati kisminda Olgiilmus olup
simektit hakim mineral olarak tespit edilmistir. Bu
sonuglar Bayhan ve Yalgin'n (1990) Burdur Golii'niin
dogu kismindaki ¢aligmalan ile cakigmaktadir.

Sekil 2:Acigol-Isparta bolgesinin genellestirilmis
stratigrafik istifi (Ozgiiner 1980'den basitlestirilmistir)

Figure 2.Generalized stratigraphic column of the
Acigol-hparta region (simplifled from Ozgiiner, 1980)
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Sekil 3; Ispanta-Sobidag lokesyonundan almon Slgilil stratigrafik isifin tlm kayag ve kil fraksivonu minerallerinin yilzdo

bl luklary
Figure 3. Abundance of whole vock and élay fraction minerals of the mearired stratigraphie section/Isparta-Sibidag
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Sekil 4: Isparta-Kogkoy lokasyonundan alinan 6l¢iilii stratigrafik istifin tiim kayac ve kil fraksiyonu minerallerinin ylizde

bolluklari
Figure 4: Abundance ofwhole rock and clay fraction minerals of the measured stratigraphic section/Isparta-Kockdy

location
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Sokil §: Isparta-Hoviiktepe lokasyonundsn sliman Glgill stratigrafik istilin tim kayds ve kil Fraksivonu minerallerimin
iizde bolluklar _

Figure §: Abundance of whole rock and clay fraction mineraly of the mecsured stratigraphic seciton/liparta-Hdyikrepe
peetion
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Sekil 6: Acigol-Basmakei lokasyonundan alinan 6l¢iilii stratigrafik istifin tiim kayag ve kil fraksiyonu minerallerinin yiizde
bolluklart

Figure 6: Abundance of whole rock and clay fraction minerals of the measured stratigraphic section/Acigol-Bagmakci
location
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Sckil 7: Actgol (Sarayork) lokesyonundan alman Ol stratigrally istfin tim kayag ve kil fraksiyonu mincrallerinin
vilzde bolluklan

Figure 7: Abundance of whole rock and elay fraction minerals of the measured stratigraphic section/Acighl (Sarayeik)
leation
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Sekil 8: Acigol-Cigr lokasyonundan alinan oOlciili stratigrafik istifin tiim kayag ve kil fraksiyonu minerallerinin yiizde
bolluklart
Figure 8: Abundance of whole rock and clay fraction minerals of the measured stratigraphic section/Acigol-Cigri location
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OmekNo |y 13 IH-5 IH-6 IS-5 IS-11 | BO-1 | BO-2 BO-3 IK-4
Oxsit(%)
sio, 62,38 59,31 52,84 56,47 60,23 | 4829 | 57,79 56,87 60,06
AlA 15,59 15,70 15,88 11,89 13,20 4,71 8,95 8,99 13,72
9,21 11,97 9,70 10,00 | 2.8 | 4,9 4,98 8,44
MgO m 4.90 4,92 9,83 6,64 22,99 17,02 17,52 6,69
Ca0 2,36 1,20 1,17 1,48 1,30 5,34 0,83 1,04 1,08
K.,0 0,92 2,49 2,71 2,56 2,45 | 0,53 1,47 1,45 2,66
Na,0 3.22 0,08 0,03 <0,01 <001 | <oor | <001 <0,01 <0,01
Ti0, <0,01 0.75 0,71 0,53 0.62 | gp3 | 042 0.41 0.61
MnO 0.67 0.03 0,03 0,03 0,02 | ggp | 002 0.02 0.02
P,0, 0,01 0,05 0,07 0,04 0,03 0,05 0,01 0,01 0,01
LOI 0,07 6,58 7,27 6,33 5,95 17,19 9,41 9.18 6,04
Toplam 160,10 100,27 97,62 98,78 100,33 | 102,01 | 100,74 100,37 99,28
g"ii:;r':]l?g) 68S+321 | 71S+191+4K+6C| 71S+211+5K+3C |60S+IT+8K+12C+9Se| 100s | 100s | 100s| 79S+I5I+6K | 83S+151+21(14S-14C)

LOI: Ateste kayip, S: Simektit, L:Illit, K:Kaolinit, C :Klorit Se: Serpantin 14S-4C: Simektit-Klorit

Cizelge 1. Acigol-Ispartabolgesindeki kil fraksiyonunun ana element kimyasal analiz sonuglari
Table 1. Majorelement chemical analysis results of day fraction of Acigol- Isparta region

Ornek No IS-11 BO-1 |BO-2
Yiizde Oksit (%)

Si0, 60,23 48,29 | 57,79
Al,0, 13,20 4,71 8,95
Fe,0 10,01 2,80 4,96
MgO 6,64 22,99 | 17,02
Ca0 1,30 5,34 0,83
K,0 2,45 0,53 1,47
Na,0 <0,01 <0,01 <0,01
TiO 0,62 0,23 0,42
MnO 0,02 0,02 0,02
P,O, 0,03 0,05 0,01
LOI 5,95 17,19 19,41
Toplam 100,33 102,01 | 100,74
Tetrahedral

Si 3,92 3,57 3,86
Al 0,08 0,41 0,14
TC 0,08 0,49 0,14
Oktahedral

Al 0,93 0,00 0,56
Ti 0,03 0,01 0,02
Fe 0,49 0,16 0,25
Mg 0,64 2,53 1,69
TOC 2,09 2,70 2,52
0oC 0,34 0,42 0,11
Tabakalararasi

Ca 0,09 0,42 0,06
Na 0,00 0,00 0,00
K 0,20 0,05 0,13
Mg 0,09 0,70 0,52
ILC 0,56 2,29 1,29
TLC 0,42 0,91 0,25
TOC:Toplam Oktahedral Katyon,

TC: Tetrahedral Yiik, OC:

Oktahedral Yiik,

TLC: Tabakalararas1 Yiik, TLC:

Toplam Tabaka Yiikii

Cizelge 2. Bazisimektit minerallerinin kimyasal bilesimleri ve yapisal formiilleri
Table 2. Structural formulas of some smectite group minerals
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Sekil 10. Simektitlerin SEM analiz goriintiisti
Figure 10. SEM image of smectites
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Sekil 11. Simektitlerin SEM analiz goriintiisu
Figure 11. SEMimage of smectites

SONUCLAR

1. Acigdl - Isparta bolgesinde Tersiyer yash
birimlerin tiim kaya¢ ve kil fraksiyonu mineralleri
saptanmuistir.

2. Burdur goliintin dogu kisminda Alt Tersiyer
birimlerinde, simektit hakim mineral olarak saptanirken,
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Goliin bat1 kisminda ise Alt Tersiyer yasli birimlerde, illit
hakim mineral olarak bulunmustur. Miyosen ve Pliyosen
Burdur goliiniin bat1 kisminda oOlglilmiistiir. Miyosen
yasli birimlerde illit onemli bir mineral, simektit daha az
miktarlarda tespit edilmistir. Pliyosen yash birimde ise
simektit hakim mineraldir.

3. Kimyasal analiz sonuglarina gore Alt Tersiyer
birimlerde simektit dioktahedral olarak saptanmustir.
Pliyosen serilerinde ise simektit trioktahedral olarak

bulunmustur.

4. Acigol-Isparta bolgesindeki Tersiyer
sedimanter istifin serpantin, talk ve trioktahedral simektit
icermesi, ortamdaki malzemenin ofiyolitik bir
kaynaktan da beslendigini gostermektedir.

5. Alt Tersiyer ve Miyosen birimlerinde illit ve
kaolinit miktarinin 6zellikle Burdur goliiniin batisinda
fazlaligi, farkli bir provenansdan fazla miktarda kirintili
malzeme geldigini belirtebilecegi gibi kismen otojenik
gelisimide belirtebilir.

6. Simektitler feldispat veya mika mineralerinin
(0zellikle illit) alterasyonu sonucu olusmasi
s0zkonusudur.

7. 1lit ve Kloritler genellikle detritik kokenlidir
ve metamorfik bir kaynakdan tiliredikleri

diistintilmektedir.

8. Inceleme alam Tersiyer yash birimlere
sedimanter malzeme iki farkli kaynaktan tasinmustir.
Bunlar ofiyolitik Torid kusagi ile Menderes metamorfik
masifidir.
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Extended Summary

The study area is located between Acigol and
Isparta regions (Figure 1). in this area, various studies
were done by Parejas (1942), Poisson (1977), Ozgiiner
(1980), Yalginkaya et.al. (1986), Kazanci and Erol
(1987), Asar (1954), Erol et al. (1986), Kazanci et al.
(1986), Bayhan (1988,1992), Bayhan and Yalcin (1990),
Tunoglu andBayhan (1996), Balc1 (2005).

There is only one research about the clay
mineralogy at the area, done by Bayhan and Yalgin
(1990) at the east of the Burdur lake. The purpose of this
study is to determine the whole rock minerals, clay
fraction minerals and the origin of the clay minerals
belonging to the Tertiary sedimentary units located
between Acigol-Isparta, and to determine the
provenances of these sediments.

in the Acigol-Isparta region, the stratigraphical
sequence was taken from Ozgiiner (1980) (Figiire 2). At
the basement, there are Triassic-Jurassic rocks. Above the
basement rocks, Upper Cretaceous limestones were
present. Paleocene-Lower Eocene series conformably
overlies the Upper Cretaceous limestone. Middle-Upper
Eocene series conformably overlies the Paleocene-
Lower Eocene units. Miocene clastics were
unconformably overlies these units. Pliocene units were
also unconformably overlie the Miocene units. At the top
of the sequence Quaternary deposits were found.

in the area, 7 stratigraphic sections were
measured and samples were collected belong to these
sections. Fraction minerals were determined from these
samples. ASTM (1972) cartoteks were used for the
determination of the minerals and Giindogdu (1982)
method was used for calculation of the percentages. Clay
minerals were analysed by using on air-dried or normal
(N), ethylene glycolated (EG) or heated (H) at 5000 C
conditions. Clay minerals were determined according to
Brown (1961), Millot (1970), Moore and Reynolds
(1997) and Wilson (1987). Major element chemical
analysis were done to determine the chemical
composition of clay fraction.

The samples which were taken belong to the
measured sections of the study area. Clay, calcite, mica,
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quartz and feldspar are the most abundant minerals in
whole rock analysis. Clay percentage is % 3-64 in whole
rock samples, mica % 4-42, Quartz changes between
%1-25 percent. Calcite percentage is %8-72 as a
carbonate mineral. However only in some samples
dolomite mineral is found between % 2-95 percent. in the
study area, in the clay fraction, smectite, illite, kaolinite,
chlorite, serpantine, 14S-14C and talc are determined
minerals.

in the region, the east of the Burdur lake, belong
to Paleocene-Lovver Eocene deposits smectite was
determined as dominant mineral (Figures 3.4,5). illite is
the second important clay mineral. At the west of the lake,
illite is the dominant clay mineral and smectite is the
second important mineral (Figures 6,7,8,9). Also, talc
was another kind of clay mineral, found as less amount in
few samples in the west of the lake.

in Middle-Upper Eocene units, smectite is the
dominant mineral in clay fraction. Addition to smectite
minor amounts of illite, chlorite, kaolinite are the other
minerals. Serpantine was determined at the east of the
Burdur lake; however talc was determined at the west
part of the lake. in Middle-Upper Eocene units the
mineral abundancies are different too. At the east part of
the study area , smectite is the dominant but at the west
part, illite is the dominant mineral. Miocene unit was
measured in the west part of the study area in figiire 8,
illite is abundant mineral, in this unit, chlorite, kaolinite,
smectite and talc are the other minerals as less amounts.
Also this situation were determined in Bayhan and Yal¢in
(1990). Smectite is again dominant mineral belong to
lacustrine Pliocene deposits in the west part of the study
area.

Major element chemical analysis were made to
determine the chemical composition of clay fraction and
structural formulas were calculated belong to
monomineralic fractions on the basis of oxygen ions
based on Weaver and Pollard (1973) (Table 1). Only in
three samples structural formula calculated (IS-11, BO-1,
BO-2) (Table 2). According to structural formula
smectites were found dioctahedral and trioctahedral and
named as Beidellite (IS-11) and BO-1 and BO-2 samples
named as saponite.

From the chemical analysis results in some
fractions especially the samples IK-13, IH-5, IH-6, IS-11
which were taken from east part of the lake, A1,



percent is high. West part of the lake in some fractions,
MgO is important oxide, especially in Oyuklutepe
sequence which has Pliocene clayey limestone units, and
smectites are found as trioctahedral.

DISCUSSION

When we discuss these results, in Acigol-Isparta
region Lower Tertiair aged sediments especially comes
from two different sources. The stratigraphical sections
which were taken from the west part of the lake have high
illite percent, especially sedimentary material come
from Menderes metamorphic masifin West Turkey, in
besides that east part of the lake the material comes from
the magmatic source and has high smectite percent. As
Millot (1970), Chamley (1989), Tucker (1992) indicated
that, smectites can occur as a result of the feldspar
alteration (Figlire 10-11). This is one of the possible
origins of smectites in this studies. Besides, it is
interpreted as the smectites can also occur as the result of
the transformation product of clastic smectites or illitic
materials.

East part of the Burdur lake in Paleosen-Lower
Tertiary units, smectite was found as dominant mineral.
At the west part of the lake, in the Lower Tertiary units,
illite was the dominant mineral. Miocene and Pliocene
units were measured at the west part of the Burdur lake, in
Miocene units, illite was the important mineral, smectite
was found as less amount. In Pliocene units, smectite was
found as a dominant mineral. Amount of illite and
kaolinite increase especially in west part ofthe Burdur
lake. These samples indicated the different source areas
and partly otogenic development.

Smectites can occur as a result of the feldspar or
mica minerals (especially illite). Illites and chlorites were
detrital source and can be derived from metamorphic
source rocks. As a result, Tertiary units take the material
from different two sources. These are ophiolitic Taurid
belt and Menderes Metamorphic Massive.
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