Early field survey along active faults surrounding the city of Izmir: explorating possibilities
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The survey wanted to retrieve data concerning the effectiveness in the application of earthquake geology tools to be utilized in the documentation of the occurrence and time of the most recent surface deformation. The application of such tools are critical to evaluate the potential and/or probability of future earthquakes, fault displacements and surface rupture occurrence which are the basis for seismic hazard assessment of the city of Izmir.

The surveyed fault zones affecting the Izmit region (1. Izmir fault; 2. Tuzla fault; 3. Seferehisar- Yelki fault; 4. Gühlbace fault, and 5. Helvaci fault, see Fig. 1) were selected following also the ground motion simulations reported by the thesis of Bjerrum (2007), that indicate such structures as responsible of the most dangerous earthquake rupture Scenarios for the Izmir metropolis.

The basic geologic information was: 
1. The Geological map of Turkey, at 1:500,000.

2. The geological map of the Karaburum Peninsula by A Cakmakoglu and Z.R. Bilgin (2003)
3.”The first record of Quaternary pull-apart basin in western Anatolia: The Cumaovasi basin, Izmir”, manuscript by B. Uzel, which contains schematic geological maps of the Tuzla fault zone and the southern part of the Seferehizar-Yelki fault.

The survey was supported by 1:25,000 scale topographic map and some 1:33,000 scale aerial photographs (not stereopairs) covering part of the area.
The fieldwork focused in searching deposits or datable geomorphic markers affected by deformation useful to estimate the Quaternary faults activity. To do this, a precise location of the fault trace, both in bedrock and, following its continuity, in Quaternary continental deposits, was necessary. Hence, the precise fault location has been accomplished both by the recognition and detection of the faulted Neogene stratigraphic sequence and by geomorphological analysis.
[image: image12.jpg]" ) : 7 .v\s.\»t!x -

CI LR

B 2P
‘“‘1,\&\;“\\%\\.“%
W A

1
7
j -





Figure 1. Fault surveyed during the fieldwork.
1. Izmir fault
This fault trends E-W, is essentially a normal fault, and can be divided into two segments separated by an overstep located inside the city of Izmir. The morphology of the fault scarp has been largely and strongly altered by manufacts and human modifications related to the development of the metropolitan area (Figure 2). In fact, here, the drainage system that modeled the fault area, by producing recent erosional and depositional features, has been completely reworked and any present dynamic of the system cannot be related to the fault activity. Furthermore, outcrops of useful Quaternary deposits are generally missing. Human modification on the topographic anomaly formed by the fault scarp triggered landsliding that complicates the general setting, as like as observed on the northern slope of Kadifekale hill.
Some observations are possible at the eastern and western terminations of the eastern and western segments respectively.
Eastern segment
At its eastern termination, east of Isiklar and west of the highway (Izmir-L18-a2), an incision allows the observation of a fluvial terrace riser that is supposed to be orthogonally crosscut by the fault trace (Figure 3). We do not observe any fault plane affecting the exposed Quaternary deposits and the exact location of the main strand is equivocal. The terrace riser offset is not evident also due to strong anthropic alteration. To solve such problems in fault location and offset identification, aerialphoto interpretation of ancient stereopairs would probably help. The surface is strongly modified, and thus this segment is not favorable to be studied by in situ investigations. 
Western segment
Since the eastern and central part of this segment is occupied by the metropolitan area and by a military school, respectively, we focused on the western termination of this segment with T.Güngör from Dokuz Eylül University. 

At the foot of the mountain front there are a number of sub-horizontal surface relicts. Their meaning should be investigated by means of aerialphoto interpretation in order to understand their genesis and possible correlations that could be useful for establishing long term slip rates.
At the eastern termination of this segment (Urla-L17-b3), just east of the town of Güzelbahce, and south of the highway Izmir-Celme, the fault acquires a NE-SW trend an is composed by small overstepping segments. The development of recent terraces (possibly Holocene) inset in a Quaternary alluvial fan, appears to be controlled by the fault (Figure 4). These could be the target for future geomorphologic and paleoseismic investigations. An anomalous topographic inflection of terrace surfaces developed upstream, in coincidence with a fault splay that is evidenced by bedrock tectonic contacts, should be better understood. 
Close to this area, few meters west of the site of the 80 m-long trench dug by M Drahor, a small trench remains open: a soil is developed on steep north dipping Miocene beds, which are clearly affected by a fault (Figure 5). Given the condition of the trench it was not possible to establish if the small fault deformed the recent soil, but it claims for further detailed investigations.
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Figure 2. Fault scarp in the Metropolitan area
[image: image3.jpg]



Figure 3. Fluvial terrace riser that is supposed to be orthogonally crosscut by the fault trace
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Figure 4. Fault contact between Quaternary deposits (left) and metamorphic rocks of the Seferahisar high unit at the southern end of Tuzla fault.
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Figure 5. Probable faulting in the little trench

2. Tuzla fault
This fault separates the Seferehisar high made up of pre-Neogene metamorphic rocks to the west from the Neogene continental sedimentary and volcanic units to the east. It trends NNE-SSW, and is interpreted as a dextral strike-slip fault, although it is supposed to have controlled the Neogene basin setting with an important vertical component.. According to Uzel (2007), the Neogene units are cut by a multitude of secondary, parallel splays, some of which are mapped affecting the Plio-Quaternary or Quaternary alluvium. Spectacular views of these strike-slip faults affecting the Miocene rocks are located in a quarry of pumice (“Pomza Export” company), NW of the town of Kunerlike (Izmir-L18-d1)(Figure 6). We focused our attention on the most promising area of the suggested affected recent alluvium and where landforms, highlighted by topographical maps, present a tectonic morphology, in particular: the surroundings of Görece, (Izmir-l18-a3, and d2), Catalca (Izmir-L18-a4), Yeniköy (Izmir- L18-d1) and the southern termination of these large (aprox. 15 km) fault zone, along the Kusadasi Gulf, (Urla-L17-c3).
In the vicinity of Yeniköy is evident a litho-stratigraphical control on the landforms due to the parallel trend of fault strike and bedding of the sedimentary strata. This convergence of morphogenesis generated uncertainties in the exact location of the fault trace without any remote sensing control. Along one of the frequent saddles alignments that suggest a fault trace, an orthogonal stream valley widen its sedimentary basin because of elongated ridges that act downstream as natural damn. Here the alluvial valley presents a recent (possibly Holocene) terrace riser that appears right-laterally deflected. This site results to be promising for both timing (through Paleoseismological investigations) and short-term slip rate calculation.
Along the Kusadasi Gulf the map pattern drawn by the contacts between Recent Alluvium and Neogene rocks is much more complex than the scheme by Uzel. A complex system with a number of horses seems to be present. Inside these complex structures, a small fault, which separates Quaternary alluvium from metamorphic rocks, has been observed (Figure 7). In general the main fault trace runs slightly higher than the base of the mountain front dissected mostly by little streams. For this reason, traps for recent sediments that hopefully could be affected by fault activity, are rare. Conversely, erosional features are present, but better developed mainly on pre-Miocene bedrock. Possible useful splays affecting the basin could be detected only by aerial-photo interpretation. In a northern site, the prolongation of the main fault it is supposed to cross a single large alluvial fan at the base of the mountain front and formed at the largest stream outlet. Here, we found a up to 2 m-deep ditch, crosscutting the fault trend and showing well-organized alluvial fan stratigraphy, apparently tectonically disturbed. Since it constitutes a suitable site for paleoseimology, this area deserves further investigations.
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Figure 6. Fault between Miocene sedimentary rocks and pumices at the POMZA Export Quarry near Künerlik. 
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Figure 7. Fault contact between Quaternary deposits (left) and metamorphic rocks of the Seferahisar high unit at the southern end of Tuzla fault.

3. Seferehisar - Yelki fault

The Seferehisar-Yelki fault trends NNE-SSW separates the Seferehisar High to the east, from Miocene rocks to the West. It is interpreted as a dextral strike slip fault, although it is supposed to have controlled the Neogene basin setting with an important vertical component (Figure 8). Conversely from its southern part, where it is difficult to observe tectonic landforms related to its activity, to the north, this fault is morphologically well expressed.
In its southern part (Urla l-17-c1), around Seferehisar, it crosses large areas of recent alluvium deposits. Unfortunately, this flat region is fully occupied by citric orchards and it is difficult to define a suitable target for Earthquake Geology investigation by direct field survey.

Its northern part (Urla-L17-b3 and b4) run at the base of the range front. The smooth and gentle morphology of the downthrown fault block presents few outcrops of different sediment of a continental environment that spans ages from Miocene to present. In order to apply geomorphological techniques useful for active tectonics determinations, it needs a deep knowledge of the continental stratigraphy for paleolandscape reconstruction. Just north of Camli (Urla-L17- b4) the fault forms a step-over and one of the strands vanishes beneath alluvial deposits. The terrace deposits that are incised and exposed along risers by the river that crosses the prolongation of the fault, were surveyed and did not yield any results. 
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Figure 8. Faulted Neogene continental deposits.
4. Gühlbace fault

The Gühlbace fault trends N-S and is described as a dextral strike slip fault. The town of Gühlbace is located inside a small asymmetric pull-apart basin related to the Gühlbace fault (Urla-L17-a3). Part of this basin is located off-shore, east of the main fault. The onshore part is bounded to the south-east by a NE-SW trending fault, which is essentially a normal fault (Figure 9). The sedimentary filling is formed by a Neogene alluvial sequence feed from the south, which ends with Quaternary alluvial deposits. This sequence is tilted towards the SE and the Miocene (and Pliocene?) deposits are affected by a system of strike-slip faults with significant normal component. The street cuts of the Izmir Technical University show spectacular examples of this fault system (Figure 10). Although promising, the examination of the Quaternary deposits located along the NE-SW trending fault did not allow us to find direct evidence of its deformation. However, this small area deserves an accurate aerial photograph survey.
[image: image9.jpg]



Figure 9. The NE-SW trending transtensional fault.
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Figure 10. Faulted Neogene continental deposits.
5. Helvaci fault

The Helvaci fault is a NW-SE trending fault, which is depicted as an active fault in the Geological map of Turkey. It has been surveyed, since it runs parallel and is possibly part of the fault system, north of the Izmir gulf, that presents limitation in investigation due to anthropic modifications: the Büyükçigli-Karsiyaka fault. The Helvaci fault can be used as a model for the fault that affects Izmir. The Helvaci fault shows a clear mountain front, bounding the delta of the Gediz River to the north-east and it crosses the shore line south-west of Aliaga. 
Between the towns of Hatundere and Yanniköy (Izmir-K18-d1), the sinuosity of the front is extremely low. There are three recent fans that cross the fault and enter the delta plain. These are unfortunately high energy fans made up of meter size boulders that, coupled with the widespread debris-flow supply, make this part of the fault not useful for earthquake geology investigations.
In the area where the fault crosses the shore line (Urla-K17-b3), around the Nemrut Limani, some marine terraces on both sides of the fault suggest the possibility to use them for a long-term analysis (Figure 11). The depositional systems along the coastal area, where the alluvial valleys are aligned to the fault before it enters into the sea, need to be accurately reconstructed. This has to be done integrating informations on the nearby Kyme archaelogical site (the oldest Hellenistic settlement of Turkey, developed around an important ancient harbor) that is nowadays under study.
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Figure 11. Faulted Neogene continental deposits of the northern terraces.
Remarks and conclusions
The first observations and collection of field data on the structural and geomorphological setting of the study area gave us the taste of some of its peculiarities to keep in mind and problems to solve that are crucial for carrying over active tectonics studies:
1. The long history of exposure of the surface to hexogenic factors. The onset of continental erosional and depositional environment is dated Miocene.
2. The resulting stratigraphical units are frequent and alternating sedimentary episodes of mostly loose deposits in some cases similar or difficult to distinguish.
3. The general heterogeneous and fast lateral variability of synchronous deposits in continental environment.
4. The enlarged probability to produce similar deposits by reworking the old ones.
5. The need of dating
6. Difficult to find traps of recent sediment useful for earthquake geology studies.
7. The low geomorphic imprint of the active surface faulting suggests low values of surface deformational rates.
8. The geological background of the most recent continental deposits (Pleistocene-Holocene) of the area is poorly known and map lack to describe such sediment distribution.
9. In the stratigraphycal column of the study area the Pliocene deposition appear curiously underestimated or neglected.
On this light, in order to do any further geomorphological analysis as basis for active tectonics determination (by means of tools spanning from geomorphic markers reconstruction to paleoseismological trenching) results a mandatory to carry out a systematic, careful and detailed aerial-photograph interpretation of the area, before the organization of new, specific field campaign.
An extension of the EPiWA project would be useful since there are suitable site where performing detailed investigation potentially useful to acquire data on timing and slip rate of surface active faulting, in particular:
Some parts of the Tuzla fault and the western termination of the Izmir fault seem to be the areas were some possibilities exist. The Gühlbace pull-apart basin should not be discarded, as well as the northern part of Seferehisar - Yelki fault.
A detailed geomorphological analysis along the coastal areas might be useful to understand the meaning of the observed flat surfaces (around Izmir and Helvaci faults), and other similar features, in order to gain data for establishing long term deformation rates.
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