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ABSTRACT: The Guney Waterfall in Denizli was ruptured by the The 21st July 2003 Buldan earthquake 
with magnitude 5.6. The ruptured block toppled after 10 years and traveled towards the reservoir of Cindere 
Dam more than 132 m. The authors attempt to clarify the mechanism and process of the toppling failure of 
the ruptured block. The authors attempt to analyse the failure process in fundamentally in three stages. The 
first stage is the initial failure caused by the earthquake. The second stage is the growth of the ruptured block 
and progress of degradation at the toe of the failed block. Third stage is the final collapse and movement 
in the valley towards the Cindere Dam reservoir. The pre-rupture stage before the Buldan earthquake and 
post-rupture and final collapse conditions are analysed through some analytical and numerical techniques to 
understand the fundamental causes of the failure, which took more than 10 years. This is study is unique in a 
sense it involves slow and rapid dynamic processes. The authors present the results of the various studies and 
investigations undertaken so far and and they discuss their implications. 

1 INTRODUCTION 

The 21st July 2003 Buldan earthquake with magni
tude 5.6 ruptured the Giiney Waterfall in Denizli, 
which is the 23n1 natural beauty of Turkey. However, 
the ruptured block of the Giiney Waterfall did not 
toppled at that time. The ruptured block toppled 
after 10 years and traveled towards the reservoir of 
Cindere Dam more than 132 m. The initially rup
tured block has a prism-like shape with 34m width, 
20 m length and 12 m height. Since the 2003 Buldan 
earthquake, several earthquakes with a moment 
magnitude more than 5 occurred in the vicinity of 
the Giiney Waterfall, which may further cause at the 
toe of degradation and additional damage. 

The authors attempt to clarify the mechanism 
and process of the toppling failure of the ruptured 
block. The failure process can be divided into three 
stages. The first stage is rupturing of the waterfall 
due to the 2003 Buldan earthquake. The second 
stage is the growth of the ruptured block in size 
and the degreadation and erosion of the toe of the 
block. This geometrical changes of the ruptured 
block resulting from the growth and degradation 
prepared the conditions of the toppling failure. In 
the third stage, the block toppled and traveled to 
the Cindere Dam reservoir and disintegrated into 
several large blocks. The authors investigated 
the area during the reconnaissance of the Buldan 
earthquake and after the failure. Besides site inves
tigations and geometrical measurements, samples 
were gathered and cored to carry out some physico
mechanical properties of travertine. The pre-failure 
and post-failure conditions are analysed through 
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some analytical and numerical techniques to under
stand the fundamental causes of the failure, which 
took more than 10 years. Besides the clarification 
of the mechanism and the causes of the failure, this 
is study is unique in a sense it has both slow and 
rapid dynamic processes. The authors explain the 
results of these studies and investigations under
taken so far and discuss the implications of this 
failure event. 

2 GEOLOGICAL SETTING 

Tufa and travertine are common carbonate deposits 
in Quaternary and present-day depositional sys
tems (Chafetz and Folk 1984). Tufa deposition in the 
left abutment of Buyuk Menderes River in Guney 
District in NW part of Denizli Province (west
ern Turkey) has been accumulating for more than 
thousands of years. The tufa deposition in the area 
overlays marble and schist of Menderes Masif met
amorphic bed rock Rocks belongs to Paleozoic age 
(Ozkul et al, 2010). The tufa deposits cover an area of 
about 20 hectares (Fig. 1). The G血ey waterfall site 
is an area of unique geological/natural heritage that 
is visited by many people, especially during spring 
and summer seasons. There are mainly four springs, 
having total flow rate about 80 1/s and discharge 
at 18.7-18.8 8°C. Spring waters in the tufa site are 
type of Ca-HC0

3
, and have formed coalescent tufa 

bodies that occur at elevations between 220-400 m 
above the Buyuk Menderes river bed. The springline 
tufa body contains numerous primary cavities up to 
cave size in some cases. There are two main caves in 
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