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Abstract: In the summer of 1995, magnetotelluric data were acquired at forty sites along a southwest—northeast
profile crossing northwestern Turkey in continental Europe. The traverse, 204 km in length, crossed the boundary
between a metamorphic mass called the Istranca Massif and a large Tertiary sedimentary basin called the Thrace
Basin. The pseudosections of Mohr-circle-based rotational invariant characteristics of the magnetotelluric data such
as central impedance (ds), anisotropy angle (A) and phase of central impedance (¢43) were prepared with classical
magnetotelluric parameters (apparent resistivity and impedance phase), and detailed Mohr-circle displays were
shown for selected stations as a function of the Bostick depth. The pseudosections and the Mohr-circle displays
suggest that the northeast Thrace region is geologically more complex than the southwest region, where the
Istranca Massif bounds the Thrace Basin by a steep NW-SE-oriented fault, possibly with a considerable component
of normal slip. In the southwest Thrace region, NE-SW-oriented faults with a component of strike slip occur,
forming a broad structural uplift to the north of Saroz Bay. We also find that the most evident changes in
geoelectrical strike directions are related to changes in thickness of the upper crust and electromagnetic
dimensionality effects, knowledge of which is extremely important in modelling and inversion of data, are
predominant on the magnetotelluric data set.

Key Words: Thrace Basin, magnetotellurics, Mohr circles, rotational invariants, anisotropy, geoelectrical strike
directions, crust

Tiirkiye'de Trakya Bolgesi'ndeki Manyetotelurik Verilerin Mohr Dairesi Tabanli
Rotasyonel Sabitleri: Jeolojik Cikarimlar

Ozet: 1995 yazinda Avrupa kitasinda Kuzeybati Tiirkiye'yi glineybati—-kuzeydogu kesen bir profil boyunca kirk
istasyonda manyetotelirik élcimler alinmistir. 204 km uzunlugundaki bu hat kuzeydeki metamorfiklerden olusan
Istranca Masifi ile guneyindeki Tersiyer yash bir havza olan Trakya Havzasi arasindaki siniri tanimlamaktadir.
Manyetotellirik verisinin Mohr dairesi tabanli rotasyonel sabit Karakteristikleri (merkezcil empedans [d3],
anizotropi agisi [A], ve merkezcil empedansin fazi [¢43]) ve geleneksel manyetoteliirik parametreleri (gérindr
Ozdireng ve empedans fazi) andiran Kesitler olarak sunulmustur. Ayrica belirli istasyonlar icin detayli Mohr daire
gosterimleri, Bostick derinliginin bir fonksiyonu olarak cizilmistir. Andiran kesitler ve Mohr dairesi gdsterimleri
jeolgjik olarak havzanin kuzeydogu Kesiminin glneybatlya gdre daha karmasik oldugunu gdstermektedir.
Kuzeydoguda Istranca Masifi ile Trakya Havzasini, KB-GD gidisli normal faylar sinirlamaktadir. Trakya Havzasinin
glneybatisinda ise, dogrultu atimli bileseni de olan KD-GB dogrultulu faylar Saroz kérfezinin kuzeyinde genis bir
yapisal yukselim olusturmaktadir. Ayrica jeoelektrik uzanim dogrultularindaki en belirgin degisimlerin Ust Kabuk
Kalinlik degisimleri ile ilgili oldugu duslnulmektedir. Manyetotelurik veri grubu tzerinde modelleme ve ters ¢6zim
asamasinda son derece 6nemli olan elektromanyetik boyutsallik etkilerinin baskin oldugu belirlenmistir.

Anahtar Sézcukler: Trakya Havzasi, manyetotelirik, Mohr daireleri, rotasyonel sabitler, anizotropi, jeoelektrik
uzanim dogrultulari, kabuk
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MT ROTATIONAL INVARIANTS FROM THRACE REGION

Introduction

A variety of rotational invariant techniques is possible to
examine magnetotelluric impedance tensors. Many
authors have used them to provide information about
geoelectric structures (Berdichevsky & Dimitriev 1976;
Lilley 1976, 1993a, b, ¢, 1998a, b; Eggers 1982;
Ranganayaki 1984; Spitz 1985; Beamish 1986;
LaTorraca et al. 1986; Counil et al. 1986; Yee & Paulson
1987; Ingham 1988; Groom & Bailey 1989; Park &
Liveleybrooks 1989; Fischer & Masero 1994; Szarka &
Menvielle 1997).

From among these techniques, we here chose Mohr-
circle diagrams. Mohr circles are commonly used for
analyzing stress and strain (Passchier 1993), and were
first introduced by Lilley (1976), and were developed
further by the same researcher (Lilley 1993a, b, c,
1998a, b). The Mohr circle is the preferred graphical
representation of an impedance tensor because it is the
natural generalization of the simplest representation of a
complex-valued vector in a plane; moreover, it enables
the display of important information from the impedance
tensor concerning the dimensionality of the geoelectric
structure and decomposition model parameters (Szarka
& Menvielle 1997; Lilley 1998a, b; Makris et al. 1999;
Bayrak et al 2000; Weaver et al. 2000; Balasis & Eftaxias
2003).

Our magnetotelluric data set is from the Thrace
region of NW Turkey. Turkey is situated at an important
junction in the context of both Mediterranean and world
tectonics, where plates are actively colliding and
earthquakes occur frequently. In northwestern Turkey,
there are two important sedimentary basins. One, the
western Black Sea basin, comprises Upper Cretaceous and
younger sedimentary strata that reach a thickness of 14
km a top oceanic crust (Finetti et al. 1988; Gorir & Okay
1996). From the standpoint of petroleum generation, the
Thrace Basin (TB) is the other important basin; its infill
comprises sedimentary rocks of Middle Eocene to Recent
age, the total thickness of which has been estimated to be
more than 9 km (Turgut et al. 1991; Peringek 1991).
This thick sediment fill covers the important tectonic
entities (such as faults, volcanic chimneys and granitic
intrusions) and their structural imprints. The Thrace
Basin was first explored in the 1950s by the Turkish
Petroleum Corporation (TPAO) and several other oil
companies, with a view towards developing its
hydrocarbon potential. For economic reasons, particular
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attention in most of the studies was given to stratigraphy,
reservoir features, gravity and seismic exploration. In
contrast, geoelectromagnetic studies have been limited in
the study area. The first magnetotelluric recordings
(llkisik 1980) were made at nine stations along an 80-
km, N-S traverse in the Thrace Basin. Bayrak et al.
(2004) modelled the previously acquired magnetotelluric
data set (llkistk 1980) using two-dimensional (2-D)
inverse techniques. However, the rotationally invariant
characteristics and dimensionality parameters of the
region have not been explored previously. This motivated
us to investigate these parameters together with the
other classical magnetotelluric parameters of the region.

For this purpose, wide-band magnetotelluric data
were acquired at 40 stations along a 204-km, SW-NE
transect in the Thrace region in 1995, as part of national
marine geological and geophysical investigations in
northwestern Turkey. The magnetotelluric profile began
in the northeasternmost part of the Thrace region near
the Black Sea coast, and ended near Saroz Bay in the
southwestern part of the region (Figure 1a). The profile
transected the northern Massif, namely the Istranca
Massif, and the large Tertiary basin lying to the south,
termed the Thrace Sedimentary Basin.

This paper examines the magnetotelluric data set
collected in the Istranca Massif and the Thrace Basin from
the perspective of geological characteristics and Mohr-
circle-based rotational invariant characteristics, such as
central impedance (d5) and anisotropy angle (A) — the two
being good dimensionality indicators — along with phase
of central impedance (¢g43). Detailed Mohr-circle diagrams
(Lilley 1976, 1993a, b, c, 1998a, b) have also been
produced and discussed, and pseudosections of the
apparent resistivity and phase parameters constructed.

Geological Setting

The Thrace region is located in northwestern Turkey,
bordering Bulgaria and Greece, and possesses two major
geological features: the Istranca Massif and Thrace Basin.
The Istranca Massif is a metamorphic complex, located in
the northern part of the region, which underwent
metamorphism during the Triassic—Cretaceous and was
uplifted prior to the deposition of an Upper Cretaceous
volcano-sedimentary association (Yilmaz & Polat 1998;
Okay et al. 2001). However, some ophiolite and ophiolitic
mélange occurs locally in the Rhodope Massif in Greece
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Figure 1.  (a) Simplified geological map of the Thrace region, Turkey. Locations of the 40 magnetotelluric
stations are shown by numbers in circles (modified from Gorur & Okay 1996; Yilmaz & Polat 1998).
(b) Geological cross-section. IM— Istranca Massif, TB— Thrace Basin, TFZ- Terzili Fault Zone, KOFZ—
Kuzey Osmancik Fault Zone.

97



MT ROTATIONAL INVARIANTS FROM THRACE REGION

and in the southern part of the Thrace Basin (Beccaletto
& Jenny 2004). Sengdr & Yimaz (1981) proposed that
the ophiolitic mélange marks the suture of an ocean — the
Intra-Pontide Ocean — located between the Istranca
Massif to the north and the Sakarya continent to the
south.

The Thrace Basin is a large, triangular Tertiary basin,
and two major dextral strike-slip fault zones in the basin
define this geometry (Peringek 1991; Turgut et al. 1991;
Gorur & Okay 1996; Yaltirak 2002). It is one of the most
important hydrocarbon provinces of Turkey, flanked
predominantly by metamorphic rocks of the Istranca
Massif to the north. Uplift in the Thrace Basin is apparent
at various locations, including the Kuleli-Babaeski uplift in
the north, Palaeozoic subsurface uplift in the centre, and
the Korudag uplift (Coskun 2000) in the south.

Most of our knowledge of the basin structure comes
from seismic studies and borehole data (Turgut et al.
1991; Peringek 1991). These studies reveal that the
internal structure of the basin consists of numerous folds
and faults, trending more-or-less parallel to the basin
margins. These faults trend NW-SE in the north and
NE-SW in the south, and converge to the east —
somewhere in the Sea of Marmara (Gorir & Okay 1996).

The northern fault zone is composed of two large
subparallel segments, a northern branch and a southern
branch, termed the Kuzey Osmancik fault zone and the
Terzili fault zone, respectively. These fault zones could
only be mapped in the subsurface through drilling and
multi-channel reflection seismic data (Turgut et al. 1991;
Peringek 1991). The Kuzey Osmancik fault zone is mainly
a marginal normal fault with a minor strike-slip
component. The NW-SE-trending Terzili fault zone, on
the other hand, has deformed the whole of the
sedimentary section below the Plio—Quaternary alluvial
sedimentary cover in the north-central and northern half
of the Thrace Basin, and is no longer active. It is a pure
strike-slip fault and affects the whole stratigraphic
column, forming flower structures along its path (Turgut
et al. 1991).

The second fault zone, bordering the southern margin
of the basin, is the southwestern strand of the North
Anatolian Fault Zone (NAFZ). It has a right-lateral strike-
slip fault characteristic, and has caused intense uplift and
deformation along the southern margin of the basin. Its
deformational influence on the sedimentary record in the
southern part of the Thrace Basin suggests a latest
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Miocene to Early Pliocene age for its development. This
fault is still active and causes earthquake activity along the
southern shores of the Sea of Marmara. Reverse and
thrust faults are abundant in the Ganos region at the
southern margin, and in the Corlu-Terzili belt on the
northern margin of the Tharace Basin (Turgut et al.
1991; Bozkurt 2001; Westaway 2003; Ekmekgi 2005).

Magnetotelluric Survey and Data Analysis

Magnetotelluric data were acquired in 1995 at 40
stations, using Phoenix V5 multipurpose magnetotelluric
instruments, with five base channels (Hy, Hy, Hz, Ey, Ey)
and two local remote-reference channels (Hyz and Hyg).
The recording period range was 0.003125-2000 s for all
stations. The telluric field variations were measured with
typically 100 m bipoles, in a cross-configuration, with
non-polarizable Pb-PbCl electrodes. The magnetic fields
were measured with coils for the horizontal components
and an air loop for the vertical component. The distance
between base and remote-reference channels was a few
hundred meters, resulting in effective noise cancellation
(Gamble et al. 1979). The V5 magnetotelluric system is a
real-time sounding system. In this system, data
acquisition is divided into two frequency ranges. Data in
the range 320-7.5 Hz were processed in narrow
frequency bands containing two frequencies (the 6™ and
8™ harmonics of the data-set length). Longer period data,
6-0.0005 Hz, were processed using a cascade decimation
scheme (Wight & Bostick 1980).

Mohr-Circle-Based Rotational Invariants

The Mohr-circle diagrams displays relationships between
the elements of the impedance tensor, using axes drawn
for Z'y, (abscissa) and Z'yy (ordinate), where the dash
superscript indicates the value of the appropriate tensor
element after the observing axes have been rotated
clockwise by angle 6 (Lilley 1993a). All tensor elements
are first normalized by multiplication by the square root
of period. By such an analysis, it is possible to determine
Mohr-circle-based rotational invariants and dimensional
characteristics of the geoelectric structures. The
parameters for the Mohr-circle presentation of the Z'yy,
and Z'yy, impedance tensor elements are defined below
(see Figure 2).
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Figure 2.  Mohr representation of the real part of the impedance tensor as a circle. In the figure, d, is
the magnitude of the determinantal impedance (taking real and imaginary parts separately).
d, is the second effective (or trace) impedance. The line joining the origin to the center of
the circle is the dz central impedance which is the basic invariant. A. is the anisotropy angle
and v, is the skew angle. The reference arm is drawn from the circle center to an observed
point, such as point F, on the lower right side of the circle (Lilley 1993a; Szarka & Menvielle
1997). A similar diagram can also be drawn for the imaginary part of an impedance tensor.
The centre of the circle is at the point: The anisotropy angle is given by:
e = 1 L[ (Zxxe = Zvwe)? + (Zyr + Zyxe)
Z'xyr = ~— (Zxvr = Zyxr) (1a) | o L& = Zvve)” + (Zxvr + Zyx)
2 Ar = tan 2 7z (1 e)
‘ i (ZxxrZyyr = ZxyrZyxr)
L'xxr = > (Zxxr — Zvyr) (1b)

Where the subscript ‘r" denotes the real part of the
impedance tensor. Similar expressions apply for the
imaginary part of the impedance tensor with subscript ‘i".
Rr = L[(ZXXr - wa)2 + (Zxyr + ZYXr)Z]”Z (1) The radius drawn from the centre of the circle to the

2 originally observed point (Zyy,;, Zxx.;) then forms a radial
arm or “reference arm”. The orientation of radial arms
can be traced for evidence of geologic strike direction
dar = 1 (@xxr + Zvvr) + (Zxvr = Zyxr) 12 (1d) (Lilley 1993c). The radial arms of real and imaginary

2 circles are parallel for a 2-D structure and, in the case of

The radius of the circle is given by:

The central impedance is given by:
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a 3-D structure, may depart from being parallel. These
parameters are Mohr-circle-based rotational invariants
and independent of the direction of the inducing
electromagnetic field and those of the recording axes.

For a tensor with 1-D characteristics, the Mohr circle
is simply a point on the Z,,; axis, and the A.; and v,
parameters are zero. For a 2-D tensor, the circle has its
centre on the Z'yy,; axis, so that A, is nonzero while v, is
zero. If the tensor, however, shows a 3-D structure, then
the circle centre moves off the Z'yy,; axis; in this case A,
and v.; are both nonzero (Figure 2); often such twist
increases at low frequency, where the impedance tensor
is affected by a larger volume of the earth, so that the
likelihood of influences by 3-D structures is increased
(Ranganayaki 1984).

In obtaining classical magnetotelluric parameters, it is
assumed that the resistivity has a two-dimensional
distribution. Then the measuring axes are rotated
mathematically until the on-diagonal impedance elements
Zy and Z,, are minimized, while Z,, and Z,y represent
the independent transverse magnetic (TM) and transverse
electric (TE) modes of polarizations. The TM mode
(Figure 3) is defined as having the electric field across-
strike direction, while TE mode (Figure 4) has the field
parallel to the strike. The TM mode apparent resistivity
and impedance phase are derived from the non-diagonal
elements of the impedance tensor as a function of
frequency as

PXY = 1_ ‘nyiz (23)
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Pseudosections of the TM (pyy and ¢xy) mode data observed along the profile. Contour values of apparent

resistivities are in ohm m and phases are in degrees.
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and starting point for more complicated modelling of the

oxv = tan” (M) (2b)

ReZxy

where w=2nf, Uy and f are the magnetic permeability of
free space and the frequency in Hz, respectively. Similar
expressions apply for the other two-dimensional mode
(TE), for pyx and ¢yy.

We have chosen the Bostick (1977) transform to
estimate depth and resistivity by using the “central
impedance (ds)” invariant, taking both the real and
imaginary parts. Hutton et al. (1985) have shown that
“invariant” responses can give interface depths closer to
the results of 2-D modelling than those obtained from
TM and TE mode responses. This transform is used as a

magnetotelluric data, and is used in an attempt to obtain
true resistivity versus true depth information. The
equation used to calculate the Bostick depth in units of
metres is:

1/2
ds = 356 (&) (3a)
f
and Bostick resistivity corresponding to depth dg
pp=ps 1 M (3b)
1+m

where p, is apparent resistivity computed from “central
impedance” in ohm m and “m” is the gradient of the (p,
vs f) data on a logarithmic scale.
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Results and Discussion

The pseudosections of Mohr-circle-based rotational
invariant characteristics (d; and A) and phase of central
impedance (¢43) have been constructed together with the
traditional magnetotelluric parameters of apparent
resistivity and impedance phase. Also, detailed Mohr
circles displayed as a function of the Bostick depth are
shown for selected stations. Thus, Figure 3 shows
pseudosections of TM mode apparent resistivity (pyy,
ohm m) and phase (¢, degree) of the off-diagonal
elements observed along the profile. Between stations
37-9, conductive features (<17.5 ohm m) are noted in
the pyy pseudosection and low phase values (< -45° down
to —90°) are noted in the ¢y, pseudosection. Between
stations 9 and 3, high resistivity values are apparent in
the pyy pseudosection. At station 7, a phase contrast is

rather clear in the ¢, pseudosection. Figure 4 shows
pseudosections of the TE mode apparent resistivity (pyx,
ohm m) and phase (¢yy, degree) of the off-diagonal
elements observed along the profile. In the pyy
pseudosection between stations 37-9, conductive
features are apparent at all frequencies. In the ¢y
pseudosection, high negative phase values are
predominant. Similar to the TM mode results near station
7, a phase contrast is noticeable in the ¢, pseudosection.

Figure 5 shows pseudosections of the central
impedances (ds), determined for both the real and
imaginary parts of the impedance tensors. Previous work
suggests that the central impedance (d;) parameter is a
good indicator of main geological structure because
anomalies are more evident and less complicated (e.g.,
Bayrak et al. 2000). Both in the real and imaginary
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pseudosections, blue-colour values of about 10 occur
from the SW to station 9. Between stations 36-28
central impedance values reach to ~20 below the
frequency of 1 Hz. Central impedance has values greater
than 20 between stations 9 and 1. Between stations 5
and 4, central impedance acquires very large values in the
range of 320-1 Hz and 0.01-0.0005 Hz.

Figure 6 shows pseudosections of the anisotropy
angle values (A, degrees), determined for both the real
and imaginary parts of the impedance tensors. In the real
and imaginary pseudosections, Dblue tones —
corresponding to anisotropy angles of about 10° — occur
between stations 37-8, and anisotropy angles of more
than 30° between stations 8-3. Similar to the central
impedance, in the SW part of the profile, between

stations 36-28, anisotropy values exceed ~30° at lower
frequency bands. At station 7, very high anisotropy angle
values (>60°), spreading with depth, are noticeable at
almost all frequencies, in both the real and imaginary
pseudosections.

Figure 7 shows the phase angle plotted versus Bostick
(1977) depth. Central impedances were used to compute
both phase angles and Bostick depths. Ranganayaki
(1984) has shown that the phase angle of the “invariant”
impedances is particularly sensitive to lateral and vertical
variations in crustal resistivity and may be used in
pseudosection form to delineate qualitatively the
conductive and resistive zones. High phase values indicate
sounding from relatively resistive to relatively conductive
materials. Thus, the computed phase values show
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Figure 7.  Phase pseudosection calculated from the “central impedance”. Red indicates phases below 45° — a transition
from conductive to resistive structures with increasing depth. Vertical scale is “penetration depth”, after
Bostick (1977). Horizontal scale is distance in kilometers.

themselves very clearly, with high values in the Thrace
Basin and Istranca Massif structures. Meanwhile, high
phase values between stations 19-11 beneath the Thrace
Basin (at a depth of ~20-55 km) point out a probable
change of resistive-conductive structure. The
pseudosection of phase of central impedance compares
well with the geological cross-section along the
magnetotelluric profile (Figure 1b). This parameter might
be useful in obtaining actual structural features of the
area and would be extremely useful in quantitative
modelling (Ranganayaki 1984).

The Bostick resistivity inversion pseudosection for a
depth of 60 km along the profile is given in Figure 8. The
resistivity values, which are smaller than 30 ohm m and
continue to a maximum depth of 10 km, indicate
sediments of the Tharace Basin at stations between 37-9
in the Bostick pseudosection. The maximum thickness of
sediments in the Thrace Basin has been found to be ~ 9
km in several studies (Turgut et al. 1991; Peringek 1991;
Gorur & Okay 1996). The Thrace Basin is located near
several other basins; namely, the Black Sea basin located
to the northeast, the Sea of Marmara basin to the south
and southeast, and the Aegean Sea basin to the southwest
(Figure 1a). In western and northwestern Turkey, the
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thicknesses of sedimentary units are between 1 and 8
km, according to the 2-D magnetotelluric studies of
Bayrak & Nalbant (2001), Caglar (2001), Gurer (1996),
Gurer et al. (2001, 2002, 2004a, b), Tank et al. (2003)
and Bayrak et al. (2004). High resistivity values (>700
ohm m) continuing to deeper parts represent the Istranca
Massif crystalline basement rocks at the stations between
9-3. The presence of a layer relatively conductive (~80
ohm m) and located at depths of 12-25 km is seen
beneath the TB (Bayrak et al. 2004). The two-
dimensional  georesistivity model of another
magnetotelluric data set in the region (Bayrak et al.
2004) indicates that this structure is an undulating ~10-
km-thick layer, interpreted as a conductive part of the
lower crust. A structure with 400 ohm m resistivity is
present at the base of the sedimentary fill of the Thrace
Basin (in the model of Bayrak et al. 2004). This structure
is not homogeneous but rather includes scattered blocks
with Istranca Massif resistivity (>700 ohm m). According
to Yimaz (1995), a gravity modelling study has shown
that, beneath the sediments of the Thrace Basin, there is
no calm environment. Seismic lines run in 1993 and 1994
also support these results (Coskun 2000). Several faults
are present within the Thrace Basin, such as the Terzili
fault zone and Kuzey Osmancik fault zone, crossing it in
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a NW-SE direction. The structure between stations 25
and 9 arises from the geometry of the Terzili fault zone
and Kuzey Osmancik fault zone.

Figure 9 shows detailed Mohr-circle diagrams results
for eight characteristic stations (stations 36, 34, 30, 28,
12, 7, 3 and 1, from southwest to northeast) for 20
frequencies, together with equivalent Bostick (1977)
depths. Bostick depths were computed by using central
impedances. Real circles are located above in the figure,
imaginary circles below. Station 36 is located on the
shallow-marine clastics, and real circles show 1-D
structural characteristics down to about 8-km depth. At
this depth, 2-D structural characteristics and strong
anisotropy are predominant on the real circles while
strike directions are changing. Station 34 is located on
turbiditic clastics. For this station, circles have 1-D
structure down to 1.5-km depth in real section. At this
depth, to a depth of about 12 km, 2-D structures are
influential. At greater depths, effects of 3-D structure —
such as anisotropy and skew — are clearly predominant.
Also, strike changes its direction beginning at about 4-km
depth in the real section. In the imaginary section down

to 17-km depth, circles show 1-D characteristics while
greater depths show 3-D structures with changes of
strike direction. When the geology is more complicated,
as seen in this station, the real and imaginary circles may
well start to vary from one another. Station 30 is located
on deltaic and fluvial clastics and, in the real section —
down to 2-km depth — 1-D structure is predominant. At
3.5 km and greater depths, increasing anisotropy and
excellent 2-D structure is present. Another important
feature of this section is a change in strike at about 20-
km depth. In the imaginary section, 2-D structure is
present from this depth. The radial arms of real and
imaginary circles are also parallel around these depths,
indicative of 2-D geology. Station 28 is located on
continental clastics. For this station, 1-D structure
extends down to about 2 km in the real section. At this
depth, circles show 2-D characteristics with strong
anisotropy values, while strike begins to change its
direction.

Pseudosections of invariants and Mohr-circle
diagrams, in the southwestern part of the Thrace Basin,
show 2-D geoelectric structural characteristics, strong
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anisotropy, and high central impedance values below a
frequency of ~1 Hz. These anomalies may be related to
the numerous outcrops of basaltic and andesitic eruptive
centres in the southwestern part of the Thrace Basin
(Figure 1Db).

Station 12 is located on the Thrace Basin and Kuzey
Osmancik fault zone, the latter mapped by seismic studies
(Turgut et al. 1991; Peringek 1991). In the real section,
1-D structure is noted down to a 1.3-km depth, whilst at
depths between 1.3 and 26 km, moderate anisotropy and
2-D characteristics are noted and, at greater depths, 3-D
structures.

Station 7 is located on the Istranca Massif. In the real
section at greater depths from the surface, increasing
anisotropy and 3-D structures are observed. At about 15-
km depth, a change in strike is notable and, where the
circles go near (even through) the origin, very high
anisotropy of the impedance tensor is indicated.
Departure of the radial arms of real and imaginary circles
from being parallel indicates 3-D geology. Station 3 is
near station 7 and located on continental clastics. Similar
to station 7, 3-D structures and very strong anisotropy
are quite evident at all frequencies. In particular, the
presence of very strong anisotropy, which increases from
10-km depth and downward, is seen. Furthermore,
strike has a different orientation at this depth. Such
consistency between stations that are near each other
implies regional two-dimensional and three-dimensional
structural effects, knowledge of which may be important
in modelling the data (Lilley 1993b). The Istranca Massif
collides with the Srednogorie zone farther north along a
reverse fault dipping to the south (Figure 1). Very strong
anisotropy values may characterize this reverse
fault/collision event at 10-km depth (Okay et al. 2001).
Station 1 is located on the Istranca Massif, and in the real
section, all circles have 3-D structure. The most
prominent, strongest anomaly is at about 30-km depth,
with highest anisotropy and changing strike direction.
From this depth on, anisotropy dramatically decreases.

Rotational invariants and Mohr-circle diagrams
anomalies with strong 3-D effects, high anisotropy and
phase angles (at the NE end of the profile) show that the
Istranca Massif — manifested via high resistivity values
(700 ohm m or higher) — is not homogeneous. These
anomalies, in the northeastern part of the profile, may be
correlated to the several outcrops of Late Cretaceous
granitic intrusions within the Istranca Massif (Figure 1b).
According to Okay et al. (2001), the Istranca Massif is a

composite orogenic belt deformed and regionally
metamorphosed during Late Variscan and Late Jurassic—
Early Cretaceous orogenesis.

The most evident changes in geoelectrical strike
directions are observed at Bostick depths of ~8, 4, 20,
15 and 30 km along the profile from southwest to
northeast, and may be related to changes in thickness of
the upper crust, as indicated by previous studies
(Meissner et al. 1987; Novotny et al. 2001; Van der
Meijde et al. 2003; Bayrak et al. 2004). Moreover, these
changes may be related to facies changes in sediments (in
4 to 8 km depths) and/or to variations in crystallinity in
the basement rocks (at 15, 20, 30 km depths) (e.g., see
Bayrak et al. 2000).

Conclusion

Magnetotelluric surveys in the Thrace region of Turkey,
conducted in 1995, included 40 sites located in the
Thrace Basin and Istranca Massif. We have studied Mohr-
circle-based rotational invariants, such as central
impedance, anisotropy angle, phase of central impedance
and Mohr-circle diagrams, and correlated these
parameters by means of Bostick inversion. The results of
these parameters of the magnetotelluric data set have
provided some major findings:

1. Pseudosections of Mohr-circle-based rotational
invariants, Mohr-circle diagrams and Bostick inversion
clearly show the main geoelectric structures of the Thrace
region along the profile. The Thrace Basin extends for
about 150 km SW-NE between stations 37 and 9, and
consists of poorly-consolidated sediments (resistivity ~30
ohm m or less) to a depth of about 10 km in its centre
and ~1 km in its southwestern part. Below the Thrace
Basin, the presence of a relatively conductive layer (~80
ohm m), reaching depths of between 12-25 km, is
observed. This layer may correlate to the seismic reflector
which results from density differences within the
metamorphic units in the crystalline basement rocks of
the upper crust (Yiimaz 1995). The Bostick resistivity
inversion pseudosection indicates a complex geological
setting for the southwestern Thrace Basin. The resistive
crystalline rocks seem to occur nearer the surface in the
southwestern part of the Thrace Basin than in the
northeastern and central parts of the basin, as manifested
by Palaeozoic exposures at the southwestern margin of
Thrace Basin. These features cause the Thrace Basin to
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have the shape of an asymmetrical “W" between stations
25 and 9 along the profile, and may be related to
numerous outcrops of a basaltic eruptive centre in the
southwestern part of the TB (Aldanmaz et al. 2005,
2006) (Figure 1b).

2. The detailed Mohr-circle display shows that the
circles have perfect 1-D structural features in the Thrace
Basin, while they show rather complicated strong
anisotropy, skew and changing strike direction beneath
the Thrace Basin. Also, Mohr circles on the Istranca
Massif show strong anisotropy, skew, electromagnetic
dimensionality effects and changing strike directions from
the surface to depth. These results support the finding
that the Istranca Massif, at the NE end of the profile, is
not homogeneous and may comprise several different
crystalline phases, such as granititic intrusions (Okay et al.
2001; Gerdjikov 2005), andesites, peridodites and
serpentines, et cetera within the Istranca Massif (Figure
1b).

3. The phase of central impedance compares well with
the extent of the Thrace Basin and Istranca Massif.
Similarly, low and high phase zones correlate well with
the structures of the volcanic eruptive centres in the
southwestern part, and granitic intrusions in
northeastern part of the Thrace Basin. Also, high negative
phase values beneath the Thrace Basin correlate well with
scattered highly resistive crystalline blocks in the
basement. We show that the phase parameter may be
helpful in obtaining actual rock characteristics of the
study area.
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