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Abstract

The Tosya basin is located in the bending segment of the North Anatolian Fault (NAF) in Turkey. We have obtained
origina observations on the neotectonics from SAR ERS images, Digital Elevation Model (DEM) and field structural
analysis. Regional Neogene deformation is characterised by the occurrence of several basins that are superimposed in time
and space. They result from differently oriented movements since 12 Ma, including southwestward motion along a fault
subparallel to the NAF. We propose a model of polyphased tectonics related to the displacement of several individualised
blocks. In the first stage (Tortonian), the North Tosya block has moved toward the N250° azimuth, parallel to the dextral
N70°-striking segment of the NAF. As a consequence, a triple-junction-related compatibility basin was opened at the
intersection with a N60° to N30°-striking fault. This pattern is similar to the Karliova corner where the NAF and the East
Anatolian Fault meet. In the second stage (Early Pliocene-Middle Pleistocene), a segment of the former N70°-NAF was
abandoned and the NAF propagated eastward to form a N90°-striking segment (N90°-NAF), cutting the former Tosya block
and basin into two parts. The North Tosya block has moved again and this new geometry has permitted a South Tosya
block to move parallel to the NAF but with a higher rate which has induced compression in the Tosya basin. In the third
stage (Holocene), the South Tosya block moved toward N240°, obliquely to any of the NAF segments. This has resulted
in the formation of two Holocene pull-apart type basins along the previous N60° to N30°-striking fault while extensional
faults were formed in the South Tosya block. Estimated dextral displacement along the NAF is 5.9 to 8.5 km at this stage.
This model of blocks moving in different directions, including Holocene local movements toward N240°, means that the
NAF can be considered not to be a ssimple transform fault. Our model implies that the N90°-NAF was non-existent before
the Early Pliocene. [0 1998 Elsevier Science B.V. All rights reserved.
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text of continental collision between Arabiaand Eura-
sia. Anatolia (the Anatolian plate) is extruded west-
ward between the NAF and the sinistral East Anato-

1. Introduction

The North Anatolian Fault (NAF) isthe 1500-km-

long boundary between Anatoliaand Eurasia(Fig. 1).
TheNAF wasinitiated during the Neogeneinthe con-
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lian Fault (EAF) since the Serravalian—Tortonian at
c. 12-13 Ma (McKenzie, 1972; Sengor et al., 1985;
Dewey et al., 1986). Barka (1992) has summarised
published works on both age and amount of total mo-
tion of the NAF. The estimate of movement initiation
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Fig. 1. Geodynamic context of Turkey (modified from Sengor, 1979; Hancock and Barka, 1981; Dewey et al., 1986; Chorowicz et a.,
1994, 1995). Darkened frame along the North Anatolian Fault is the studied area. Large black arrows represent relative plate motions
within the Eurasian reference. DSF = Dead Sea Fault; NAF = North Anatolian Fault; EAF = East Anatolian Fault; NEAF = North East

Anatolian Fault; OF = Ovacik Fault; TGF = Tuz Goli fault.

ranges from Late Mioceneto Early Pliocene, and that
of finite displacement from 25 + 5 km to 350 to 400
km. Barka (1992) has concluded that motion initia-
tion along the NAF has started in the Early Pliocene
at c. 5 Maandthat thereisadecreasein total displace-
ment along itstrace from 40 + 5 km near Erzincanin
theeast to 25 + 5 km near Bolu in the west.

Extension induced by the Aegean back-arc basin
affects the Anatolian plate as far in the east as the
Tuz Golu fault region (Sengor et a., 1985; Dhont et
al., 1998). The NAF is considered a curved (concave
to the south) intracontinental transform fault which
permits counterclockwise rotation of the Anatolian
plate relative to the Eurasian plate (Le Pichon et al.,
1995; Ora et a., 1995; Reilinger et al., 1997). This
model implies that movement in the northern part of
the Anatolian block is parallel to the NAF.

To test this model, we have examined its compat-
ibility with local tectonic features within the region
where the strike of the NAF progressively turns from

N70° in the west to N9Q° in its central part. We
have focused our work on the Tosya area (Fig. 1).
Polyphased tectonics has been described along this
fault segment (Hancock and Barka, 1981; Barka and
Hancock, 1984; Barka, 1985; Over et al., 1993; An-
drieux et al., 1995; Bellier et a., 1997) and we want
to show that local scale blocks have moved in differ-
ent directions during several neotectonic events.

Fault mapping can be carried out using new data
such as images of aDigital Elevation Model (DEM)
at pixel size 200 m, completed by images of the
Synthetic Aperture Radar (SAR) of the European
Remote Sensing (ERS) satellite at pixel size 12.5 m.
Both DEM and SAR ERS images express landforms
and have synoptic views permitting detailed map-
ping of the neotectonic features over large surfaces,
giving the geometry of the regional deformation
(Chorowicz et a., 1994, 1995). As a complement,
field structural analysis provides information on the
mechanisms of the deformation.
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We first describe the regiona structural frame-
work of the area. Afterward, we present the data
and the methodology. Mapping of the neotectonic
features is exposed in Section 4, before discussion
and proposition of a new geodynamic interpretation.
We finally estimate finite displacement values along
the NAF over the past 12 Ma.

2. Regional structural framework

The studied area comprises the Tosya and Kargi
basins. They are filled by sediments of the Pon-
tus unit, ranging in this region from Tortonian (12
Ma) to middle Pleistocene. Ages are based on Barka
and Hancock’s analysis (1984) of faunal/floral as-
semblages, correlated to the lithostratigraphic scale
of Irrlitz (1971, 1972). The Pontus unit is formed
of two rock units separated by an unconformity of
Messinian age (Fig. 2) which angle decreases with
distance from the NAF. The lower Pontus unit, at-
tributed to the Tortonian (lrrlitz, 1972; Barka and
Hancock, 1984) or to the Pliocene (C)ver, 1996;
Bellier et a., 1997), is mainly made of lacustrine
deposits. In the Kargi basin it consists of marls,
lacustrine limestone and cal careous matrix conglom-
erate. In the Tosya basin, it consists of basal con-
glomerate, lacustrine limestone, sand, marls and silty
clay. The upper Pontus unit, mainly made of flu-
vial deposits, begins in the Pliocene and ends in the
middle Pleistocene. The fluvial deposits are silt and
conglomerate in the Kargi basin, and coarse con-
glomerate or ochrous silty clay in the Tosya basin.
Along the northern border of the Tosya basin, the
bottom of the upper Pontus unit is conglomeratic,
attesting that an active palaeorelief has provided the
clastic elements during fault motion.

The Pontus unit unconformably lies upon base-
ment rocks consisting of metamorphic schist,
Neotethyan ophiolites and related melange. In the
Tosya basin, volcanogenic sediments of the Devrez
Cay Formation, dating Early to Middle Miocene
(Barka and Hancock, 1984), are located between the
Pontus layers and the basement rocks.

Different successions of stress patterns have been
described for the Neogene—Quaternary time within
the arc of the NAF (Hancock and Barka, 1980,
1981; Barka and Hancock, 1984; Over et a., 1993;

Andrieux et al., 1995; Bellier et a., 1997) but no
mechanism of basin opening has to-day been pro-
posed.

3. Images and methodology
3.1. Images

The Digital Elevation Model (DEM) was gener-
ated from digitisation of contour lines of two to-
pographic maps at a scale of 1:250,000. It covers
100 x 40 km? at 200 m horizontal ground resolu-
tion. The DEM was processed in order to produce
shadowed images illustrating the major geomorphic
features of the studied area (Fig. 3a, b).

The SAR ERS-1 images (Figs. 4 and 7) were
generated from original tapes by standard processing
including linear stretching. The scenes cover 100 x
100 km?, at 12.5 m ground resolution. ERS is a
polar satellite which can operate both in descending
(from north to south, looking west) or ascending
(from south to north, looking east) orbits. We have
produced positive or negative prints. In negative
prints, slopes facing the radar are expressed in black
whereas detailed information is well exposed by
various grey tonesin the slopes backing illumination.

3.2. Methodology

Anaysisof DEM and SAR imagesis based on the
observation of landforms resulting from the neotec-
tonics, principally fault scarps, subsiding low plains
and high relief. These images, artificialy or orig-
inally obliquely illuminated, express variations in
topographic slopes. Distinction between active and
non-active fault scarps is more efficient in stereo-
scopic views. Except its central part, the image of
Fig. 4 overlaps scenes of adjacent orbits. We have
analysed these stereopairs in order to observe the
geometry of basins along the NAF. We first analysed
the DEM images (Fig. 3c), then the radar images
(Fig. 4) which we have systematically compared
with the DEM. We mapped only the active faults, de-
termined as such because they cut the Late Miocene
to Quaternary sediments or are poorly eroded. All
the tectonic features have been collected to form a
complete map (Fig. 5).
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Fig. 2. Lithostratigraphic columnar section of the Quaternary, Neogene and pre-Neogene formations of the Tosya area (from Barka,
1992; Over et a., 1992; Andrieux et al., 1995). DCF = Devrez Cay Formation; Hic = Holocene; Plc = Pliocene; Pls = Pleistocene; w

= ophiolites and mélange.

Field structural analysis consists of measure-
ments of orientation and sense-of-motion of striated
fault planes, and attitude of tension fractures, dis-
tributed in seventeen sites (Figs. 5 and 6). In order to
favour the indications of movement, special empha-
sis has been put on striations directly observed on

major (mapped) fault planes along which the main
parts of the regional displacements have occurred.
For this reason, we plotted in Fig. 5 the plunge of
striations measured directly on the main plane of
mapped faults or on nearby smaller faults parallel
to the magjor one. Along normal faults the azimuth

Fig. 3. Interpretation of the Digital Elevation Model (DEM) of the studied area. (a, b) DEM images generated by linear interpolation
from digitisation of elevation contour lines of two maps at 1: 250,000 scale. Ground resolution is 200 m. Illumination is (a) from north
and (b) from west. (c) Structural interpretation of the DEM images; | = landslides. (See legend of Fig. 5 for meaning of letters.)
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Fig. 4. SAR ERS-1 image of the Tosya area (negative print, descen

meaning of |etters.)

of the plunge indicates the horizontal component of
local displacement.

Striations are dated as Recent when they affect
Recent (Late Miocene to Quaternary) rocks. By
places, we aso took into consideration striations
affecting basement rocks, but only along the mgjor
Recent faults characterised by distinct geomorphic
expression. There we generally found only one set of
striations, which we have supposed to be related to
the latest displacement.

When measurements were taken in sites that are
not located along major mapped faults, we took into
account only the striations affecting late Neogene
rocks, including sediments filling open faults in sites
1, 2, 7, 10 and 11. We have used the striations on

ding orbit, radar illumination from the east). (See legend of Fig. 5 for
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the various fault planes to compute the orientation
of the regional palaeostress pattern (Angelier, 1990).
We suppose that local strain due to minor faults
is related to a single regional palaeostress pattern.
When several deformation events where assumed,
we employed the 4-D method of Angelier (1984)
to classify superimposed deformations. This method
uses an estimate of the discrepancy between each
striation measurement and the computed theoretical
slip vector, permitting to appreciate their compatibil-
ity either with one or severa phases of deformation.
The value of parameter PHI [(02 — 03)/(01 — 03)]
gives the stress ellipsoid shape which has three well
distinct axes when PHI-values are close to 0.5. A
PHI-value approaching O indicates that norm value
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Fig. 5. Structura interpretation of the SAR ERS-1 image of Fig. 4: bl and b2 = Holocene pull-apart type basins, AF = Avsar fault;
DCFZ = Devrez Cay fault zone; f = extensiona faults bounding tilted blocks, KB = Kargi basin; KF = Kargi fault; NAF = North
Anatolian fault; P = meeting point of the N70°-NAF and the N90°-NAF; R = Riedd faults associated to the dextral strike-slip component
of the NAF; TB = Tosya basin; TF = Tosya fault. Encircled numbers are sites of structura analysis (see Fig. 6). Dashed lines are main
valleys dextrally displaced by the NAF (d) while they are not offset by the Kargi fault (n) and the Tosya fault (m). Grey and black arrows
are dip vectors and extension patterns related to motions respectively during Pontus and Holocene times.

of o3 is close to o, and can be interpreted as a
tectonic subsidence pattern.

4. Mapping of neotectonic features

4.1. North Anatolian Fault

The synoptic views of the DEM images have per-
mitted to follow the main trace of the NAF, which

is defined by its continuity (Fig. 3a, b). The trace
is well expressed in the east as a straight structural
valley. Seismic activity is characterised by the 1943
earthquake (Barka, 1996; Stein et al., 1997). Figs. 3
and 7 show that the NAF consists of two differently
oriented strands meeting at point P. West of P, the
NAF is clearly identified by a sharp scarp trending
N70°. East of P, the NAF divides into two branches.
The northern one (KF, the Kargi fault) has a dis-
crete N80°-trending trace and ends eastward along
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the northern border of the Kargi basin. The south-
ern one (N90°-NAF) continues in the N9Q° direction
as a straight line, sometimes covered by landslides
(I in Fig. 3c). To support our analysis we present
a stereopair of radar images (Fig. 7) picturing the
Kargi fault and its intersection with the NAF at
point P. The evidence is that the Kargi fault has
an eroded scarp (many gullies, low and smoothed
scarp), whereas the NAF has a locally steeper scarp,
a distinct trace and the gully system is less devel-
oped. Main valleys crossed by the fault zone are
dextrally displaced by the NAF (d in Figs. 4, 5 and
7) whereas they are not offset by the Kargi fault (n
in Figs. 4, 5 and 7). Compared to the N70°-NAF,
its alongstrike prolongation (the Kargi fault) is mor-
phologically less distinct and consequently an old,
inactive branch of the NAF. The high ground res-
olution radar images have permitted more detailed
mapping and show in the North Tosya block a se-
ries of E-striking en-echelon faults branching on the
N70°-NAF. Barka and Hancock (1984) have inter-
preted these faults as Riedel faults (R in Figs. 5 and
7) associated to dextral strike-slip movement of the
NAF. Measurements in site 9 taken on faults affect-
ing lower Pontus lacustrine limestone show that the
horizontal dip along the NAF is not pure dextral
strike-dlip but rather transtensive, at least during the
Neogene.

4.2. Tosya basin

The Tosya basin is separated in the north from the
Kargi basin by the N90°-NAF (Figs. 3-5). Recent
sediments form flat surfaces on the basin floor sur-
rounding hilly low relief which corresponds to the
Pontus unit.

The basin comprises two small rhomb-shaped,
flat-bottomed Holocene basins (b1, b2, Fig. 3c and
Fig. 5). The main Tosya basin is hilly and infilled
by Pontus rocks. It is bounded in the north by the
NOO°-NAF, in the south by the Avsar fault (AF in
Fig. 5) paraleling the N70°-NAF, in the northwest
by the Tosyafault (TF) forming alarge curved scarp,

and in the southeast by the Devrez Cay fault zone
(DCFZ) striking N60° to N30°. The DCFZ and Avsar
fault can be considered as active because they form
the most evidenced scarps of the region (Fig. 4),
whereas the Tosya fault isinactive because main val-
leys cutting across are not offset (min Figs. 4, 5 and
7). Striation along or close to the Tosya fault in sites
2, 3* and 4* in volcanic series of the Devrez Cay
Formation (Early Miocene), and in site 5* in con-
glomerate of upper Pontus age, show WSW-ENE
extension occurring during and/or after late Pontus
time. This direction of extension is compatible with
sinistral strike-slip motion along the Tosyafault. Site
1 islocated in the Devrez Cay Formation along the
Avsar fault, which can be considered as a reactivated
segment of the Tosya fault. Striated normal faults,
infilled by late Pontus silty clays, give a WSW-
trending o3, consistent with the previous left-lateral
movement along the Tosya fault in the late Pontus.
In site 7, late Pontus clays wedged into Neotethyan
ophiolitic méange are affected by N10°-N20° sinis-
tral strike-dip faults indicating WSW—-ENE exten-
sion along the DCFZ, at least during the late Pontus.
Moreover, as clearly expressed on the DEM images
(Fig. 3) and on the radar stereopair (Fig. 7), the steep
Devrez Cay valley slopes are distinct scarps which
indicate recent tectonic activity.

More to the south, basement and vol canic rocks of
the Devrez Cay Formation are cut by faults striking
NE-SW to E-W (f in Figs. 3-5) having a curved
shape compatible with normal listric-faulting geome-
try. In site 6* (Figs. 5 and 6), striation measurements
taken along one of these faults in the volcanic sedi-
ments of the Early Miocene Devrez Cay Formation
indicate dip-dip movement that confirms the N-S
extension mechanism. More to the east, the DEM
clearly expresses Quaternary depressions. They are
best observed on the DEM of Fig. 3a where the
fault-bounding tilted blocks are revealed by shadow
(see dip and strike symbols on the figure). The b2
depression has a clear rhomb-shaped geometry and
is located at a right stepping bend of the DCFZ.
The bl basin is well expressed in Fig. 4 and also

Fig. 6. Data from field structural analysis. Schmidt nets, lower hemisphere. For site locations (number in circle) see Fig. 5. Thick lines
are plots of magjor (mapped) faults and related striations. Sites 3, 4, 5 and 6 are taken from Over et al. (1992) and marked by * in the

main text.
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exhibits a rhomb-shaped geometry located at a re-
leasing bend of the DCFZ. We interpret b1l and b2
as pull-apart type basins, as suggested by Suzanne
et al. (1990). Whatever the erosion processes can be,
obvious along the Devrez Cay river, it is necessary
to call for local subsidence in order to explain the bl
and b2 aluvial plains.

4.3. Kargi basin

The Kargi basin is bounded to the north by the
Kargi fault (KF in Fig. 3c and Fig. 5), which is
presently inactive as evidenced by its eroded scarp,
and to the south by the N90°-NAF. The eastern and
western borders are fault scarps striking N50°. Stri-
ations in sites 10 and 11 (Figs. 5 and 6), located
respectively along the western and northern borders,
were taken along faults infilled by ochrous clays
belonging to the lower Pontus series and affecting
schist rocks of the basement. They indicate E-W
and ENE-WSW displacements compatible with re-
spectively normal and dextral movements along the
western and northern border faults. Holocene de-
posits infill most of the area but hilly Pontus series
outcrop along the eastern side.

5. Discussion

The Holocene bl and b2 pull-apart type basins
have been formed by dextral strike-dlip movements
along the N60°-to-N30°-striking DCFZ. In site 8
(Figs. 5 and 6), striation measurements taken on
fault planes affecting Holocene reddish clays indi-
cate SW-directed motion along the northern border
of the bl basin. Data in sites 1 and 7 confirm that
horizontal SW-directed finite displacement along the
DCFZ is of regiona scale. The DCFZ is the north-
western border of the South Tosya block which was
consequently moving toward the N240° azimuth dur-
ing the Holocene. Such block displacement would
normally open along the N90°-NAF a transtensive
zone which does not exist. We consequently inter-
pret that the Holocene basins and the E-to-NE-strik-
ing extensional faults lying south of the N90°-NAF
(Figs. 3 and 4) absorb the extension within the South
Tosya block. Thus, extension related to motion of
the South Tosya block is expressed by deformation

inside the block and not by transtensional opening
along the NO9O°-NAF.

In this interpretation, we have considered that the
Kargi basin has not suffered extension during the
Holocene. However, occurrence of lower Pontus sed-
iments outcropping in the eastern part of the basin
suggests an earlier opening. The Tosya basin, be-
ing infilled with the same lower Pontus layers, is
coeval. By counterbalancing 12 km dextral offset
aong the N90°-NAF, the two basins perfectly fit.
Hence, we interpret that the Tosya and Kargi basins
were formed as a single basin during early Pontus
time (Fig. 8a). They are now cut and displaced by
the NAF. Surrender of the Kargi fault and transmis-
sion of the dextral strike-dlip movement from the
N70°-NAF to the N90°-NAF during late Pontus time
are more realigtic if the N90°-NAF is inherited from
aprevious R fault in the North Tosya block.

Opening of a single lower Pontus basin is
made possible by N250°-directed motion of the
North Tosya block aong the dextral strike-dip
N70°-NAF/Kargi fault system. Thisimplies that the
N240°-striking DCFZ might be left-lateral during
early Pontus time. This assumption is consistent with
the fact that the Late Miocene extension in the North
Tosya block trends N250° (Fig. 5). The northeastern
prolongation of the DCFZ was the eastern border
of the Kargi basin (Fig. 8a). This system is sim-
ilar to that of Karliova at the eastern end of the
NAF were the EAF and the NAF meet to form a
triple-junction geometry within which escape of the
Anatolian block resultsin the formation of the Plio—
Quaternary Karliovaintermontane sedimentary basin
(Dewey et al., 1986). During this stage, the NAF can
be assimilated to a proto-NAF corresponding to the
N70°-NAF and the Kargi fault segment. Motion of
the North Tosya block hasinitiated dextral strike-dlip
Rieddl faults, as clearly expressed on the radar im-
ages (R in Figs. 5 and 7). One of the Rieddl faults
has been reactivated during the late Pontus to form
the active N90°-NAF which has cut the former lower
Pontus basin into two parts and separated the Tosya
and Kargi basins (Fig. 8b).

Compressional structures such asfolds and thrusts
involving upper Pontus rocks have been described
and mapped in the Tosya basin (Andrieux et a.,
1995). In our model, this tectonic setting can be
explained by globally westward faster movement of
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the South Tosya block relative to the North Tosya
one, rather inducing transpression within the Tosya
basin.

6. New geodynamic inter pretation

One of the most important facts described above
is the occurrence of two Holocene pull-apart type
basins impinged onto the older Tosya basin, impli-
cating a complex evolution of the area. We present
below a three-stage model. The first stage, dated as
early Pontus, was the formation of abasinin between
the NAF/Kargi fault system and the DCFZ (Fig. 8a).
This was made possible by the N250°-directed rel-
ative displacement of the North Tosya block in be-
tween these two faults. WSW-ward motion of the
North Tosya block induced formation of dextral
en-echelon faults. Geometry of a block moving in
between to conjugate strike-dlip faults generates a
triple-junction compatibility basin similar to that of
the eastern end of the NAF at Karliova, where the
Anatolian block escapes between the NAF and the
EAF. Motion of the North Tosya block is related
to the extension in the Aegean Sea which concerns
large areas in Anatolia up to Tosya (Bellier et a.,
1997) and possibly beyond to the east (Sengor et al.,
1985). At that time, the angle between the NAF and
the DCFZ was larger than now (Fig. 8a) but was
significantly reduced during the compressional sec-
ond stage. This second stage, which occurred in late
Pontus time, reactivated a N90°-striking Riedel fault
to form the present-day NAF. The South Tosya block
began to move westward inducing compression and
WSW-directed movement of the North Tosya block
(Fig. 8b). This stage has led to the separation of
the Kargi and Tosya basins. The third stage, dated
as Holocene, is defined by regiona southwestward
displacements aong the DCFZ, which have resulted
in the formation of two dextral pull-apart type basins
aong the Devrez Cay valley bordering the south of
the Tosya basin (Fig. 8c).

All our observations made in the field along major
faults are compatible with the above model. Striation
measurements in sites 12, 13, 14, 15, 16, and 17
(Figs. 5 and 6), located within the Tosya basin,
were taken on minor faults affecting Pontus rocks
and are more representative of local strain than of
main block movements. Inversion of these data give
PHI-values close to 0, i.e. norm vaue of o, close
to that of o3, which can be interpreted in terms
of subsidence of the basin (Fig. 6). This pattern is
especialy well expressed is the Kargi basin where
Hol ocene sediments cover the major part of the area.

7. Finite displacement estimates and conclusions

The distance between the northern and southern
borders of the bl basin (A;B; in Fig. 8c) approxi-
mates the maximum finite motion along the N240°
trend paralleling the DCFZ. The estimate for the
Holocene time is 13 km which, projected on the
N90°-NAF line, yieldsa 11.2 km dextral offset com-
ponent. But pull-apart basins generally increase in
length by internal deformation. This is the case for
the bl basin because b2 is shorter albeit formed
nearby at the same time along the same fault as bl.
The length of b2 (A;B, in Fig. 8c) is 6.8 km, corre-
sponding to a 5.9-km component along the NAF. The
maximum of displacement of the South Tosya block
relative to the Pontides for the Holocene time is con-
sequently 5.9 km, consistent with the 8 km of finite
displacement for the same time interval measured by
Barka and Hancock (1984) in the area.

The offset between the Tosya and Kargi basins
aong the N90°-NAF is 12.2 km (CE = DF in
Fig. 8c). The two basins having been opened in the
early Pontus, this displacement occurred mainly dur-
ing late Pontus—Quaternary time. For this same time
interval, Barka and Hancock (1984) have estimated a
25-km right-lateral displacement.

The maximum amount of opening of the Tosya—
Kargi basin in early Pontus time (Tortonian) along

Fig. 8. Geodynamic model of the Tosya area (a) Lower Pontus (Tortonian). (b) Upper Pontus (Pliocene—Middle Pleistocene). (c)
Holocene. A—B = Holocene offset responsible for opening of the bl and b2 pull-apart type basins aong the Devrez Cay fault zone;
C—E and D-F = equa upper Pontus—Quaternary offsets respectively of the Tosya fault and Devrez Cay fault zone; GH = Lower Pontus
displacement of the North Tosya block along the N70°-NAF/Kargi fault.
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the N70°-NAF isthe length of segment HG, yielding
14.5 km.

The minimum motion along the NAF can be
estimated by the offset of the main valleys (Figs. 5
and 7), yielding 7.5 to 8.5 km. Comparing these
values with the above results indicates that they are
close to the amount of displacement for the Holocene
aone and suggests that the concerned valleys were
formed during the Hol ocene.

The N90°-NAF was not formed before the late
Pontus (5.5 Ma for Barka and Hancock, 1984). Prior
to that time, there was a proto-NAF segment includ-
ing the N70°-NAF and the Kargi fault. The DCFZ,
which is not paralel to the NAF, has taken the
main part of the motion during the Holocene. Our
kinematics model isthat of independent blocks mov-
ing toward the southwest, the west-southwest or the
west. Such tectonic movements relatively oblique to
the NAF imply that this fault does not strictly obey
amodel of an intracontinental transform fault along
which upper crustal block motions must be parallel
toitstrace.
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