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&!‘STRACT
1 North Anatolian Fault is an active strike-stip fault which extends for about

0 from Karliova in the east to the gulf of Saros in the west along the Black
 mountains, and has an extremely well developed surface expression.

Structural and geomorphological characteristics of the fault zone have been
ined around the Niksar basin which is bounded by two major strike-slip faults
iated with carthquakes in 1939 and 1942. The two master faults bounding the
splay into several branches at the end of the fault rupture as a "horsetail
ure”. Related structures inctude lincar fault valleys, elongated hills, fault
s, offsets, depression zones, landslides, dammed streams and alluvium fans.
Types of strike-slip fault pattern in dextral {right-lateral) regimes that produces
acent exiensional sedimentary basins and compressional uplifted blocks are
ssed with emphasts on examples from the Niksar region.

TRODUCTION

The neotectonic framework of Turkey and its surrounding areas is outlined and
fined by the complex of structurcs which resulted from the westerly movement of
Anatolian block. This movement was due in turn to the continued convergence
Eurasian and Arabian plates after the Middle Miocene (McKenzie, [972; Dewey
Sengor,1979; Sengor,1980) and was bounded by two conjugate strike-slip faults,
North Anatolian (NAF) and East Anatolian Faults (EAF). These two faults are
ctively right-lateral (North Anatolian) and left-lateral (East Anatolian).

The study of the geometry and origin of the Neogene-Quaternary basins along
3t Anatolian Fault Zone is important in understanding the kincmatics of the
t 2one. Recent studics of these basins have been undertaken by Barka (1984),
rka & Hancock (1984), Hempton & Dunne (1984), Hempton (1985), Sengor
al.(1985), Barka & Gulen (1989) and Kocyigit (1989), Tutkun & Hancock
9), Tutkun & Kelling (1990).

In this paper, we shall discuss the structural and geomorphological features
d around the Niksar basin and adjacent areas based on field studies. The
basin is located in the central part of the North Anatolian Fault Zone (Fig.1).
bounded by the 1939 carthquake fault in the south and the 1942 earthquake
llt in the north, and cxhibits a pronounced "Z" shape (Mann et. al.,1983).
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ATIGRAPHY OF THE NIKSAR BASIN

¢ Neogene-Qualernary stratigraphy of the basin consists of the Narlitarla
ion of 7 Tortonian age together with the Ohtap formation and the Yolustu
ies of Pliocenc-Early Pleistocene age. The youngest units in the basin are
e deposits and alluvial fans (Fig.2).

basal units of the Neogene-Quaternary in the Niksar basin belong to the
la formation, starting with conglomerates at the bottom and passing upward
marl and clayey lacustrine limestones. They were first observed by Imlitz
y and named the Narlitarla formation by Tutkun and Inan (1982). They are
at the sonthern margin of the basin (Fig.3).

fter the Tortonian, during early Pliocene time, The fluvial Ohtap formation
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7/ steke-shp foemol fayn, reverse faull majee graben sited. Between the two formations, an angular unconformity of Messinian

e pridte Cks on P i85 subduchion D i 4 3 2 £ 4
oult downihr 2ane, Triangk Sone i S been recognized. Both the NW margin of the Niksar basin and the SE
Side block Lot of the Erbaa basin are characterized by a series of conglomerates and

nes which are fairly continuous laterally in the central part of the basin and
tly (up to 10-15°) towards the N at the southern margin (Fig.3). This change
: depositional environment may show that strike-slip fault regime became
in this area during the early Pliocene (Fig.2). During the Upper Pliocene-
Pleistocene, local basaltic-andesitic volcanism occurred at the eastern and
1 sides of the basin(Figs.2,3), probably related to local transtensional zones.

Figurz ld: Simplified neorectonic map showing the location of the
SSgny arlega7 and some of the major neotectonic features (after
BOr.1979; Hancock & Barka, 1981).

Holocene deposits consisting of unconsolidated conglomerate and sand occur
GENERALIZED STRATIGRAPHIC COLUMNAR SECTION OF arge arca in the Niksar basin, and are covered by alluvium and alluvial fan
NEOGENE - QUATERNARY UNITS N THE NIKSAR BASIN
<Y fefeff i MORPHOLOGICAL CHARACTERISTICS OF THE NIKSAR BASIN
o = 3 i Utnotogr | exptaNATIONS o5
= 2 8 L o ] Niksar basin (Fig.3) has a length of about 16 to 20 km and a width of 8-
< ey Allelem trending approximately NW-SE parallel to the North Anatolian Fault
H : ) estan e < The northern and southern margin of the basin are bordered by the 1942
L 2. E;::E::: ey aiach coloured DASBIS : uake fault trending at 120%and the 1939 earthquake fault trending at 120-130°.
3 E B vftlondia, o 3 two main faults are regarded as Principal Displacement Zones. They have
o sl B "k’g‘%‘ e ed sharp, steep mountain fronts usually straight with numerous alluvial fans
= 5 %E:?%:}}& amecaatian of Bich eind d along the margins of the basin. The slope of the alluvial fans is much
o S § fopoocad e sseemmet = t the r)lonhem margin of the basin than the southern margin, and ranges
g 3 bhoonee] 3 m"-1 km? indicating that recent uplift has been concentrated on the
N (= ]E ] Mhﬂ:"n"o"o"o“é’o" H side. Both the southern and northern mountain fronts are dominated by
ol = ~ neave fault traces delincating scarps. The floor of the basin is about 300
g uh conglomeratss al the OW  sea level whereas the highest mountain peaks around the basin margins
Zlafo¥]. Setiom, pasass wp 10 mAIt 00-1200 m in height indicating a minimum net vertical displacement of about
Ww|_[Plw|2 and clay*y limaston®® L.
0 fi : 2 ‘§ sphologically, the North Anatolian Fault Zone in the Niksar area is well
| [T]F s a narrow rift with numerous cut off, offset and dammed stream valleys.
- try rocks generally exhibit some degree of fracturing and brecciation .The
Ly : system in the Niksar basin is consequent. A number of streams emanate
y 7 | the htghlands around the basin and flow transversely northward and southward
4 e basin. The main drainage system is dominated by the Kelkit and Canakci
g - Which have a fault- controlled valley character for most of their course and
& ent tyrpical strike-slip fault valleys. The Kelkit River flows northwestwards
L ! N MBI 1 the fault-controlled valleys and joins the Yesilirmak River west of Erbaa.

Figure 2 : Generalised stratigraphic columnar section of Neogene-Quaternary units

- in the Niksar basin (Revised from Tatar,1988; Temiz:1989). 137
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Figure 3 : Neotectonic map of the Niksar basin and adjacent regions.
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The Kelkit valley, trending at 120°0n the southeastern part of the basin,
proximately parallel to the 1939 earthquake fault, shows a typical rift morphology
and is bounded by a series of en-echelon faults. Along the southem margin of the
valley, extremely well developed landslide surfaces, alluvial fans and brecciated
zones have been observed.

The Canakci River valley is located on the northeastern side of the basin and

wends approximately E-W . crossing the town of Niksar. The 1942 carthquake
fault enters the valley around Niksar and splays into several branches (Figs.3,4). It
exhibits features typical of strike- slip fault valleys including river offsets, elongated
hills and various other surtace expressions .
River Offsets.- Several streams on the northern and southern sides of the basn
flow in a direction nearly perpendicular to the main fault zone, and arc offset right
laterally across the strike-slip faults. One of the clearest examples of offsct
drainages 1s observed around Niksar town (Fig. 3) where approximately 1825 m of
displacement occurred in the Upper Jurassic-Lower Cretaceous  limestones
(Fig.6A).

The rivers are clearly deflected n a right-lateral sense, reflecting the sense of
motion along the fault. Measured river offsct vatues are 875 m, 530 m, 550 m, 550
m from west to the east on the same segment which displaced the formation
boundary 1825 m.(Fig.5). In addition to these, 225 m and 875 m offsets in the

- courses of Ambarkaya and Suludere streams have been determined between the
“villages of Karabodur and Serenli as a seperate fault scgment (Fig.5).

In the northwestern part of the study area. 8 km of Quaternary displacement is
indicared by the arrangement of the courses of the rivers Yesilirmak and Kelkit

- where at their confluence they flow within an area of Quaternary deposits (Fig.6B).
About 6 km of the displacement probably occured during the earlier Quaternary

~followed by an additional 2 km dunng the later Quaternary (Barka and
Hancock,1984).

- Depressions and landslide surfaces.- Depressed areas associated with strike-slip
fauhs have been observed around the village of Kuyucak in the southeastern part of
the study area where sag-ponds are situaied along the faults. A small sag-pond

- caused by landslide activity has also been obscrved at the northern village of

Sahnaalan.

~ Many landslides are located on both sides of the study area, ¢.g. around
Niksar town in the Canakci river section . In some places, such as the villages of
f._hnebakan, P.Beyli, Ayan and Serenli, landslide formations are developed in
unconsolidated and clastic units between pairs of faults,

" FAULT PATTERNS

. The simplified structural map of the study arca in Fig. 3. shows that two main
Principal displacement zones following the 1939 and 1942 carthquake faults border
southern and northern margins of the basin. Between these two zones, lies a

- H-15 km wide zone where secondary fault sets are developed.
- The 1939 Earthquake Fault- The 1939 carthquake fault, which trends at 1207
~forms the southeastern margin of the Niksar basin. It follows the Kelkit valley in
the E, but diverges from it 1o the W. It has a length of approximately 50 km within
study area. The epicentre of the 27 December Erzincan carthquake lies m the
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Figure 4 : Block diagram showing the negative flower structure in Canakci River
Valley.
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6 : A) Sketch map showing the 1825 m displacement of U.Jurassic-
Cretaceous outcrop NW of Niksar town.

B) Displacement of the junction of the Yesilirmak and Kelkit Rivers.
(a) junction before the accumulation of Quaternary deposits;
(b) in the late Quaternary after 6 km of displacement,

(c) at the present day after 8 km of displacement (Barka &
Hancock,1984).

Figure 5 : Displacement estimates from measured stream offsets and a disple '._:
formation boundary around Niksar town. The stippled area is Quaternafy

deposits
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southern part of the study area (Fig.3). The total length of the fault break was about
340 k. Along this fault | right laeral displacements of 1-2 m, and vertical
displacements of 1.5-2 m. have been measured. NNW-SSE trending fracture
systems were also observed (Ketin,1969).

The 1942 Earthquake Fault.- The 1942 carthquake fault is 40 km in length within
the study area and trends at 120°between the towns of Erbaa and Niksar.The fault
break trends WNW-ESE 12-15 km NE of the 1939 fault break, crossing the villages
of Buzkoy, Tepekisla and Catili. The epicentre of the 20 December 1942 carthquake
lies between the villages of Catili and Tepekisla. The right-lateral displacement in
the Erbaa area was about 0.5 m. At the western end of the Erbaa basin, it joins with
the 1943 earthquake fault break (Blumenthal,1943; Ketin,1969; Ambraseys,1970).

Secondary faulting.- Secondary faults in the region between the 1939 and 1942

earthquake faults, consist of four separate sets (Fig.7a). One set striking at 90-10¢°

runs roughly parallel to the earthquake faults or Principal Displacement Zones (M-
M"). The second set is interpreted as Riedel shears associated with the earthquake
faults. The latter make an angle of 20-30° with the Principal Displacement Zones,
Around the eastern part of Niksar town (Fig.3), conjugate Riedel shears (R1) trend
at 005-010°with a Jeft-lateral sense of motion, making an angle of almost 90° with
the Principal Displacement Zone. Secondary synthetic faults (P) trend at 065-075
and make an angle of 20-30 with the Principal Displacement Zone (Fig.7b).

Brecciated zones.- Two main brecciated zoncs arc developed along the Principal
Displacement Zones following the 1939 and 342 carthquake faults. The first
brecciated zone is located around the northweste 1 part of the Kelkit valley where
Upper Jurassic-Cretaceous limestones and Palac woic low-grade metamorphics are
crushed and brecciated. The width of the zone  about 500 m- 1 km. The second
main brecciated zone within the study area is  ated at the northwestern part of
Niksar town. Its width ranges between 50-100 m, and occurs in the U.Jurassic-
L.Cretaceous limestones.

TRANSTENSIONAL AND TRANSPRESSIONAL STRUCTURES

Important geometrical effects are produced by changes in dircction of strike-
slip faults (Reading,1980; Park,1988). As the two opposed blocks move past each
other, local zones of convergence or divergence occur,which produce compressional
and extensional effects respectively. The combination of folds and faults produced
by these local zones of compression and extension have been termed flower
structures by Harding and Lowell (1979). Positive flowers are uplified zones with a
compressional component across the strike-slip belt, and negative flowers are
depressed zones with an extcnsional component.

Transtensional structures.- Transtensional transfer faults associated with strike-slip
faults have been recognised around the Niksar basin. These transtensional transfer
fault sets,which have a similar effect to releasing bends are important in controlling
the geometry and cvolution of the basin. Moreover the measurement of the
displacements on the transfer faults can be used to estimate displacement on the
main strike-slip fault. As seen in Fig. 3; the two main fault sets following the main
trace of the 1939 and 1942 carthquake fault breaks appear 1o be oricnted at 110-
1207 In the castern part of Niksar town; the fault set parallel to the 1942
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Figure 7 : (a) Rose diagram showing azimuths of strike-slip faults;

(b) Interpretation of the fault sets in terms of a strike- slip fault
model: M-M’, Principal Displacement Zone; R, Riedel shears; R’,
conjugate Riedel shears; and P shears.

Figure 8 : A) Local extensional (transtensional) zones created by normal transfer

faults perpendicular to strike-siip faults.

B) Positive flower structures associated with local wranspressional
zones in the northwestern of the study area.
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,.eartliquake rupture changevits direetion toapproximately E-W, splaying into severa]

branches as a horsetail structure, A local transiensional zone where negative flower
structures-illustrated in Figed and considered o represent local divergent along the
zone. Examples of transtensional transfer faults observed around the Niksar basin
are given in-Figi®A. Such structures. are seen in the morthern part of Niksar town
(Fig 3). Around the villages of Kiraci and Serenli, approximately 120-130° trending
strike-slip faults are cut. by NE-SW transfer faulis, cause to local transtensional

- Zanes.

“Transpressional structures.- Local transpressional zones occur ia the vicinity of

restraining bends and are observed mostly in the northwestern part ol the study area
around the village of Findicak. Two clear examples are shown in Fig.8B. The
occurence of local transpressional zones in this part of the area is probably related
to the restraining bend created by the change in orientation ol the main boundary
zone from NW-SE to nearly E-W.

CONCLUSIONS

1. Strike-slip fault movements commenced in the early Pliocene in the Niksar
basin area with the depasition of the fluvial Ohtap formation.

2. The basin is essentially a fault overlap structure bounded by two principal
displacement zones, the 1939 and 1942 carthquake faults. It has a "Z" shape and
exhibits many geomorphological features typical of strike-slip fault zone, such as
linear valleys, stream offsets, sag- ponds and landslides.

3. Available displacement estimates are 225-875 m from stream offsets; 1825
m from a displaced formation boundary and 8 km total Quaternary movement from
the geometry of the confluence of the Kelkit and Yesilirmak rivers.

4. Secondary fault patterns arc consistent with a dextral strike-slip model. One
set is sub-parallel to the principal displacement zones (M-M'); a second, making an
angle of around 20° clockwise of the principal displacement zones, arc interpreted
as synthetic Riedel shears (R} a third, making an angle of nearly 90° with the
principal displacement zones, are interpreted as conjugate (antithetic} Riedel shears
(R’) and the fourth set making an angle of 20-30° anticlockwise of the principal
displacement zones are regarded as secondary synthetic faults (P). Brecciated zones
of about 500 m-1 km width are associated with the principal displacement zones.

5. Local extensional (transtensional) zones are created by transfer normal faults
approximately perpendicular o the principal  displacement  zones  and
transpressional zones in the form of positive flower structures occur in the region of
a restraining bend in a principal displacement zone.
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