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DEEP STRUCTURE OF NE TUZ LAKE,
CENTRAL ANATOLIA, FROM POTENTIAL FIELD,
SEISMIC, BOREHOLE AND OTHER GEOPHYSICAL AND

GEOLOGICAL DATA

Potansiyel Alan, Sismik, Kuyu ve Diger Jeofizik ve Jeolojik Verilerden
Orta Anadolu, Tuz Goli KD Kesiminin Derin Yapisi

Abdullah ATES' and Philip KEAREY*

ABSTRACT

The NE Tuz Lake is located in a tectonically
non-active region, but is surrounded by major tec-
tonic features. The gravity and aeromagnetic fields
of the NE Tuz Lake region show large positive
anomalies which appear to be not coincident . The
surface geology does not indicate causative sources
for these anomalies neither. A seismic reflection pro-
file close to a borehole is used to construct two-
dimensional gravity and magnetic models in the NE-
SW direction. Gravity and magnetic models are
explained by a deep seated high density and suscep-
tibility body of gabbroic origin. Pseudogravity trans-
formation of magnetic anomalies with correct body
magnetization indicates that the body causing the
gravity and magnetic anomalies may have the same
origin. Shape analysis suggests that the body causing
the gravity and magnetic anomalies appear to be
affected by the main Palaco-Tethyan suture.
Analysis of the aeromagnetic anomalies also sug-
gests that the causative body gained remanent mag-
netization during a reverse polarity era before the
anticlockwise rotation of Anatolia and it may, thus,
be related to a Palaeo-Tethyan age.

OZET

Tuz Golii'niin KD’su tektonik olarak aktif ol-
mayan, ama énemli kenet kugaklari ile ¢evrelenmis
bir bolgedir. Bolgeye ait gravite ve manyetik alanlar,
birbirleri ile iligkileri olmayan, siddeti biiylik pozitif
anomaliler vermektedir. Yiizey jeolojisinden de ano-
malilere neden olabilecek kaynak yapilar goriileme-
mektedir. Bir sismik kesit ve kuyu verilerinden ya-
rarlanilarak, KD-GB dogrultularinda iki boyutlu gra-
vite ve manyetik modeliler olugturulmustur. Gravite
ve manyetik modeller kokenleri gabro ve derinden
kaynaklanan, yapilarin varlifi ile agiklanabilmekte-
dir. Manyetik anomalilerden, diizeltilmis yap1 mik-
natislanmasi kullanilarak, olusturulan yapma-gravite
doniisiimii gravite ve manyetik anomalilere ayni ya-
pimnin neden olabilecegini ortaya koymustur. Gravite
ve manyetik anomalilere neden olan yapinin Ana Pa-
leo-Tetis kenedinin etkisi altinda kaldif1 gbzlenmek-
tedir. Havadan manyetik anomalilerin analizlerinden
sOzii edilen yapmin Anadolu’nun satin tersi yoniin-
deki donmesinden 6nceki bir ters polarite dénemin-
de kalinti miknatislanma kazandig: ileri siiriilmek-

tedir.
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TECTONIC SETTING AND SURFACE
GEOLOGY

The NE Tuz Lake region is situated centrally in the
Kirsehir Block (Fig. 1). The region is surrounded by
major tectonic suture zones and micro platelets which
were described by Ketin (1966) and later by Sengor
(1981). The surface geology, in general, exhibits sedi-

mentary units which may be metamorphosed and intru-
sive acid and basic rocks (Fig. 2). The surface lithologies
appear to extend in a NW-SE direction, parallel to the
Inner Tauride Suture. Goriir et al. (1984) suggested that
geological and geophysical investigations were carried
out in the Tuz Lake basin because of its supposed hydro-
carbon potential. They also suggested that the Tuz Lake
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Fi gure- 1. Location map and regional geological setting of the study area. Small box show the research area.

Sekil 1. Caligma alaninin bulduru haritasi ve rejyonal jeolojik yerleskesi. Aragtirma alani kiigiik kutu iginde gosteril-

mektedir.
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Erentdz and Ketin 1961, Bing6l 1989).

2. Aragtirma alaninin jeoloji haritasi (Erentoz ve Ketin 1961, Bingsl 1989 dan sonra).
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region is composed of several basins mixed with each
other by the complex tectonic processes of the Alpine
orogeny, and thus a satisfactory model for the evolution
of the basin could not be found. In the region, the earli-
est geophysical work was aeromagnetic surveying of
some part of Central Anatolia by Hutchison et al.
(1962). Kadioglu et al. (1998) investigated the small
gabbroic outcrops near the southeast corner of the study
area. It was suggested from the aeromagnetic modeling
that the small outcrops join each other at depth and their

root extends down as deep as 9 km.

POTENTIAL FIELD DATA

In central Turkey, north east of Tuz Lake, the aero-
magnetic anomaly map of Turkey shows an anomaly
almost centered on 33°, 30" E and 39°, 00" N (Ates et al.
1999). The same anomaly cannot be seen in the gravity
anomalies of the same region. This may be caused by the
10 km grid spacing of the regional gravity anomalies.

For the study area shown in Figure 2, gravity and
aeromagnetic anomaly data were obtained from the
General Directorate of the Mining Research and
Exploration of Turkey (MTA) in a digital form. Both
data sets were gridded at 2.5 km intervals using a stan-
dard gridding routine by MTA. The aeromagnetic data,
were obtained at 1 km flight line intervals, 0.6 km above
the surface, were corrected for the International
Geomagnetic Reference Field (IGRF) using a computer
program supplied by Baldwin and Langel (1993).
Contoured gravity and aecromagnetic anomaly maps are
shown in Figs. 3 and 4, respectively. Gravity anomalies
in Figure 3 show a high gradient in the NE of the region,
extending NNE-SSW, a low anomaly gradients at the
northern end of Tuz Lake and through the NW corner.
Aeromagnetic anomalies of the area (Fig. 4) show sev-
eral high amplitudes at the NE neck of Tuz Lake. The
causative source for this anomaly does not appear to be
the same source causing the gravity anomaly in Figure 3.

DENSITY AND SUSCEPTIBILITY DATA

13 samples of gabbroic, 11 samples of granite and
17 samples of sandstone (Paleocene-Eocene) rocks were

collected from the locations shown in Fig. 1. Gabbroic.
granitic and arenitic rocks were collected from the loca-
tionsmarked [ * ][ x J,[ + ]signs, respectively. Table 1
shows the ranges and average densities of these rock
units. Figure 5 shows density histograms of these rock
units. Density measurements were made with a Walker's
Steelyard Balance when they were brought from the
field. Susceptibility measurements were made using a
SM-5 Scintrex susceptibility meter. Table 2 shows sus-
ceptibilities of the rock samples. Gabbroic rocks gave
the highest susceptibility. Granite and sandstone have

little or no susceptibility.

POWER SPECTRUM ANALYSES

Power spectrum analysis has been applied to the
regions shown by boxes in Figures 3 and 4 according
to the method of Spector and Grant (1970). By means
of the power spectrum depth to the top of the anom-
alous body can be estimated by the following equation:

491:AAPK where his the mean depth to the top of the
source body, APis the Aln, Power, AK is

the AK wavenumber (km™).

h=

Both gravity and aeromagnetic power spectra are
shown in Figures 6.a and b were fitted with single lines. -
which can be interprcted as the depths to the bodies
causing both gravity and magnetic anomalies are about
2.8 km (Figs. 6.a and b). It can thus. be suggested that
the same source body is causing gravity and magnetic

anomalies.

SEISMIC REFLECTION AND BORHOLE
DATA

A seismic reflection profile (DG-2012) and a bore-
hole (Tuzgolii-1)., acquired by the Turkish Petroleum
Company, were released by the General Directorate of
Petroleum Affairs in Turkey. The location of the reflec-
tion line and the borehole are shown in Figure 2. The
reflection line has been CDP and NMO processed.
Along the reflection line, functions of velocity with
depth have also been analysed. Seismic profile DG-2012
and a line drawing are shown in Figures 7 and 8. Seismic
reflection profile DG-2012 demonstrates strong reflec-
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Figure 3. Gravity anomaly map. Contour interval is 20 gu. Power spectrum depth estimate method was applied to the
area shown in the box. AA’ is the interpreted gravity anomaly profile. Closed circle shows the location of

the borehole Tuzgoli-1.

Sekil 3. Gravite anomaly haritasi. Kontur aralig: 20 gu’dur. Gii¢ spektrumu derinlik tahmini yontemi kutu iginde
gosterilen bolgeye uygulanmugtir. AA’ yorumlanan gravite anomaly profilidir. I¢i dolu daire Tuzgdlii-1

kuyusunun yerini gostermektedir.

tion events at different levels. Strong reflection groups
are labeled as R1 and R2. Velocity analysis suggests that
the continuous reflection event, R1, seen from 1.2-1.9
sec. along NW-SE direction can be related to the gab-
broic intrusions inferred from gravity and magnetic
power spectra. At the middle of the section R1 is at 1.25
sec. from the surface with a velocity of 4400 m/sec. This

would provide a depth of 2750 m from surface which is
in good agreement with the power spectra depth calcula-
tions. Reflections R2 are events dipping NW and main-
ly dominant at the middle of the section between arrival
times of 3 sec. to 5 sec. A depth range of 4.7 km to 13
km is obtained from these times. Since the SE end of the

seismic section is close to the gravity anomaly profile, a
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Figure 4. Aeromagnetic anomaly map. Contour interval is 50 n'T. Power spectrum depth estimate method was applied
to the area shown in the box. BB’ is the interpreted acromagnetic anomaly profile. Closed circle shows the

location of the borehole Tuzgoli-1.

Sekil 4. Havadan manyetik anomaly haritas1. Kontur araligs 50 nT'dir. Gii¢ spektrumu derinlik tahmini yontemi
kutu icinde gosterilen bolgeye uygulanmustir. BB’ yorumlanan gravite anomaly profilidir. I¢i dolu daire
Tuzg6lii-1 kuyusunun yerini gostermektedir.

6 km bottom depth for the body causing the gravity The borehole Tuzgélii-1 encountered granitic rocks
anomaly can be justified. An aeromagnetic anomaly pro-- below sandstones at a depth of 2150 m from surface. The
file, (Fig. 4) chosen because it passes through approxi-
mately two-dimensional anomalies NE of the seismic

borehole was abandoned at the depth of 2163 mecters

section, where bottom of the inferred gabbroic body from surface. A simplified stratigraphic log of this bore-

extends down to 6 km. hole is shown in Figure 9.
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Figure 5. Density histograms of rocks from the study area.

Sekil 5. Caligma bélgesindeki kayaglarin yogunluk histogramlari.
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Figure 6.Power spectra obtained from gravity and
aeromagnetic anomalies of boxes shown in
Figures 3 and 4, respectively.

Sekil 6. Ugiincii ve dordiincii gekillerdeki kutular
igindeki gravite ve havadan manyetik
anomalilerden elde edilen gii¢ spektrumu. Sekil 7. Sismik yansima profili DG-2012.

Figure 7.Seismic reflection profile DG-2012.
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Figure 8. Line drawing of main traces of seismic pro-
file DG-2012. For location of profile see
Figure 2.

Sekil 8. Sismik profil DG-2012 nin hat ¢izgisellik-
leri. Profilin yeri i¢in sekil 2 ye bakiniz.
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Figure 9. Simplified stratigraphic scction of the bore-
hole Tuzgolii-1.

Sekil 9. Tuzgolii-1  kuyusunun  basitlestirilmis
stratigrafik kesiti.

The granite encountered at 2150 m depth suggests
that the Agacoren Granitoid, which outcrops at the NE
of the study area, extends underneath the Tuz Lake to

SW.

TWO-DIMENSIONAL GRAVITY AND
MAGNETIC MODELING

Gravity and aeromagnetic anomaly profiles were
constructed (Figs. 3 and 4) using the methods of
Talwani et al (1959), Talwani (19635). respectively. The
gravity profile coincides with the seismic reflection line
and is some 10 km SW from the borehole.

A gravity model was constructed using the bore-
hole, seismic reflection and density data constraints. A
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Table 1. Rock densities.
Cizelge 1. Kayag yogunlukian.

Rock type Location No of samples = Mean density Standard Range
Mg m?) deviation Mg m’)
Gabbro [ ] 13 2.93 0.068 2.87-3.02
Granite [ x1] 11 2.60 0.058 2.49-2.71
Sandstone [ + ] 17 2.59 0.081 2.42-2.72
(Paleocene-Eocene)
Table 2. Rock susceptibilities.
Cizelge 2. Kayag suseptibiliteleri.
Rock type Location No of samples Maximum susc. Standard
x 10°, SI deviation x 10°, SI
Gabbro [ ] 13 87.9 25
Granite [ x 1] 11 6.3 1.7
Sandstone [ + 1] 14 1.0 0.5
(Paleocene-Eocene)
150
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Figure 10. Interpreted two-dimensional gravity anomaly profile AA’ shown in Figure 3 including only the Kizilirmak

River Basin. Arrow shows the location of the Kizilirmak river.

Sekil
lu yorumu. Ok Kizilirmak nehrinin yerini géstermektedir.

10. Ugiincii gekilde goriilen gravite anomali profili AA’ nin yalmz Kizilirmak Nehri Havzasi igeren iki-boyut-
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low gravity anomaly at the NE end of the profile is
thought to arise from Kizilirmak River Basin and can be
simulated with a low density fillings (Pleistocene)
(Fig. 10). However, gravity high at the SW end of the
profile cannot be explained with the existing geological
and gravity data. One explanation is that, if the strong
reflection R1 seen in the seismic profile is attributed to
the gabbroic rocks. a high gravity anomaly can be
explained. Therefore, gravity model has been modified
with the inclusion of a gabbroic intrusive body in the
model. A density of 2.93 Mg m” has been used in the
gravity model for the gabbroic body as suggested by
density measurements (Table 1). A good agreement was
then obtained with the observed and calculated gravity
anomalies when the bottom of the gabbroic body was
extended down to 6 km depth (Fig. 11). The granite

found in the borehole does not affect this interpretation
as the densities of the granite and surrounding
Paleocene-Eocene formations close to each other
(Fig. 5).

An aeromagnetic model has also been constructed
about 10 km north and parallel to the gravity anomaly
profile (AA’) and coincides with the seismic profile. The
location of the aeromagnetic anomaly profile (BB") is
shown in Figure 4. The only unit which exhibits high
magnetization, is gabbro (Table 2). Gabbroic rocks
showed maximum susceptibility of 87.9 x 10" SI. This
would provide 3.3 A m" for the intensity of magnetiza-
tion. This intensity of magnetization obtained by this
way was used to construct aeromagnetic model and a
reasonably good fit was achieved between the observed
and calculated aeromagnetic anomalies (Fig. 12).

Pleistocene

150
B . Gabbro
- Calculated anomaly
R
&
§ o
[
§ -
200L i
S B Granitoid 0o 10 km
SW l outcrop L——’# NE
o
Depth 2
(km)

I

Figure [1. Interpreted two-dimensional gravity anomaly profile AA’ in Figure 3 with inclusion of the gabbroic body.
Arrows indicating S and B show the projected locations of the seismic section DG-2012 and borehole

Tuzgolii-1.

Sekil  11. Ugiincii sekilde goriilen gravite anomali profili AA’ niin gabbro yapisini iceren iki-boyutlu yorumu. S ve
B harflerini gosteren oklar, sismik kesit DG-2012 ve Tuzgolii-1 kuyularinin yerlerini gostermektedir.



14 Ates and Kearey

Magnetic anomaly (nT)

-400L

SW

0 10 km

or
Depth 2
(km) 4
6

Figure 12. Interpreted two-dimensional aeromagnetic anomaly profile BB’ shown in Figure 4.

Sekil  12. Dérdiincii sekilde goriilen havadan manyetik anomali profili BB niin iki-boyutlu yorumu.

CONCLUSIONS

Borehole Tuzgolii-1 encountered granite at a depth
of 2150 meters below the surface, suggesting that the
Agacoren Granitoid extends towards and underneath the
Tuz Lake. It can thus be suggested that the Agacoren
Granitoid is much wider at depth than geologically
observed at the surface.

Small exposures of gabbroic rocks are found at the
south east corner of the study area which may be inter-
preted as gabbroic roots to the granitoid, extending down
to mid-crustal level (Kadioglu et al. 1998). This appears
to be suggested by the observed association of granitoids
and gabbros at the surface.

Shape analysis of the gravity anomalies in Figure 3

suggests that the body causing gravity anomaly appears to
be elongated in a NNE-SSW direction and thus would be
wider in size than shown in gravity model in Figure 11.

The major gravity anomaly in Figure 3 appears to
be aligned along almost NE-SW. One explanation is that
the anomaly seems to run parallel to the main Palaeo-
Tethys suture and thus the body causing the anomaly
may be related to it. The densities of the granitic rocks
and sandstones are very close to each other. Thus, there
is no observable gravity anomaly at the contact of the
granidiorite with the sandstones. Similarly, the suscepti-
bility of these formations is too low to be distinguished
magnetically. The shape of the aeromagnetic anomaly
also suggests that the remanent magnetization seems to
be associated with the body causing the aeromagnetic
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anomaly as the peak to trough axis is not aligned towards
the north magnetic pole, but aligned towards the NE. To
provide further control on the remanent magnetization,
the aeromagnetic anomalies in the box in Figure 4 were
upward continued to 1.4 km (total height is 2 km from
surface) using a computer program supplied by Banks
(undated) and transformed into pseudogravity anomalies
using Blakely and Simpson’s (1986) algorithm (Fig.
13). The transformation was carried out using the angle
of the Earth’s geomagnetic field for both induced and
body magnetization vectors. For correlation, the gravity
anomalies of the same area shown in Figure 3 were
upward continued to 2 km (Fig. 14). The purpose of
upward continuation was to remove the effects of the
shallow unwanted effects and to enhance the source of
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Figure 13. Pseudogravity anomalies of 1.4 km
upward continued aeromagnetic anom-
alies (total height is 2 km) shown in
Figure 4 assuming remanent magnetiza-
tion is not associated with the body.
Contour interval is 10 gu.

Sekil  13. Dordiincii gekilde havadan manyetik
anomalilerin 1.4 km yukari uzanimlarinin
(toplam yiikseklik 2 km’dir) yapma-
gravite anomalileri. Yapinin kalint1
miknatislanma i¢ermedigi 6ngoriilmekte-
dir. Kontur aralig: 10 gu’dur.

the deep seated body. If the transformation were per-
formed using a declination angle of 45° E for the body
magnetization (Fig. 15), the maxima of the transformed
anomalies are in approximately the same locations as the
maxima of the gravity anomalies of the same area in
Figure 14. A similar method was also used by Kearey
and Rabae (1993) to interpret the source of the Bicester
magnetic anomaly in southern Britain. Thus, body caus-
ing the magnetic anomaly appears to have a remanent
magnetization of 45° E declination angle and about 55°
NE inclination angle. If the anticlockwise rotation of
Anatolia is considered (Sanver and Ponat 1981. Rotstein
1984) the body might have gained its declination of the
remanent magnetization angle greater than 135° E. This
would be possible if body gained its remanent magneti-
zation during a reverse polarity era before the anticiock-
wise rotation. Therefore, the body appears to be linked to
the Palaeotethyan orogenic belt. as suggested above in
the analysis of gravity anomalies and thus, its age older
than the granitic rocks found in the region.

Figure 14. 2 km upward continued gravity anomalies
shown by box in Figure 3. Contour inter-

val is 10 gu.

Sekil  14. Ugiincii sekilde kutu i¢inde goriilen bél-
genin 2 km yukari uzamm anomalileri.
Kontur araligi 10 gu’dur.
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Figure 15. Pseudogravity anomalies of the aeromag-
netic anomalies shown in Figure 4 assum-
ing declination angie of the total field is
45° E. Contour interval is 10 gu.

Sekil  15. Dordiincii gekilde verilen havadan manye-
tik anomalilerin 1.4 km yukari uzammla-
rinin  yapma-gravite anomalileri. Toplam
muknatislanmanin sapma agis1 45° D’dur.
Kontur aralif1 10 gu’dur.
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