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Abstract: The study area is located in the central part of the Taurus Mountains, where

karstification is widespread and strongly influenced by tectonic rise of the region and sea-

level changes in the Mediterranean Sea during the Pleistocene. Young karstification in

the area was largely affected by NE-SW trending left-lateral strike-slip faults and NW-SE

trending discontinuities. The general extension of discontinuities is perpendicular to the
faulting direction indicated by evaluation of the caves with the digital elevation model

and lineament analysis. Findings of this investigation suggest that differences in the

periodic development of the stalagmites are mainly due to tectonic movements.

Therefore, the times of the growth-axis angle deviations for representative stalagmite

samples from the Sakarlak Ponor and Kepez Cave were determined by U/Th analyses.

The results tend to significantly overlap with times of historical earthquakes.

INTRODUCTION

A stalagmite is a type of speleothem or cave deposit

usually consisting of calcium carbonate that grows upward

from the dripping water, and forms over a very long time.

Therefore well-developed and protected stalagmites allow

us to obtain a fairly long record of seismicity of a region. In

recent years, this topic has increasingly gained interest of

researchers and been the subject to many studies (e.g., Ford

and Hill, 1999; Gilli, 1999; Forti, 2001; Angelova et al.,

2003; Gilli, 2005; Becker et al., 2006; Gunn, 2006; Šebela,

2008; Garduño-Monroy et al., 2011). In longitudinal

sections of stalagmites, a sudden change in growth

orientation is taken as evidence of possible paleoseismic

activity (Postpischl et al., 1991; Forti, 2001; Gilli, 2005;

Šebela, 2008). In fact, deviations from vertical growth of

stalagmites can be due to seismic activity, glacial intrusion,

or anthropogenic impact. For this reason, as a priority,

paleoseismology studies have attempted to determine the

causes of the deviations.

Throughout the history of humanity, caves have been

used for various purposes, such as shelter, protection,

hunting bases, or faith centers. Therefore, deformations like

breakage, tipping, drying, or fracturing in cave sediments

have been largely human effects. In addition, vibrations

caused by blasting and heavy duty vehicles caused by nearby

mining can also lead to deformations in the cave sediments.

Another source of deformations in speleothems is consid-

ered to be glacial intrusion. Spötl and Mangini (2007)

reported that glacial intrusion caused the breakage of

speleothems in Snežna Jama Cave. Glacial notches and

remains of moraine deposits are generally sought on the

cave wall and floor as evidence of glacial intrusion.

However, the effects of glacial intrusion on caves, their

hydrology, and internal atmospheric conditions are not

known (Šebela, 2008). So paleoseismic studies require

elimination of the other effects on stalagmite deformation.

Deviations of the stalagmite growth axis provide fairly good

data for paleoseismological work. Forti’s investigation

(2001) regarding different tectonic effects on stalagmites

accepted them as a proof for paleoseismic activities. In

addition, Bayarı and Özyurt (2005) point out that those

stalagmite growth axis-changes depend on the changes of

the primary stalagmite position with time caused by tectonic

raise or subsidence of the region.

This study aims to determine deviations of the growth-

axis angle in the stalagmite samples and their age by U/Th

(uranium/thorium) analysis and to correlate them with the

paleoseismological record.

DESCRIPTION OF THE STUDY AREA

Turkey is a fairly rich country with respect to karstifica-

tion, and about 40% of its surface area is covered by

carbonate rocks. In southern Turkey, the Tauride Mountains

(also called Torid) consist mostly of platform carbonates

deposited during Palaeozoic to Cenozoic. The study area is

located in the central part of Taurides between the Lamas

Canyon/Erdemli and the Göksu Valley/Silifke in the Mersin

province (Fig. 1), where karstification is widespread. In the

area, karst has been developed in carbonates at the edges of

the Taurus Mountains, where hundreds of caves can be

found with different features and formation histories.

Almost all of the caves in the study area are located within

early to middle Miocene reefal limestone, the Karaisalı

Formation consisting of gray- to beige-colored, medium- to

thick-bedded limestone containing lots of reef-forming

organisms such as coral and red alga, and also molluscs,

bryozoans, and echinoderms (Eren et al., 2004; Eren 2008;

Alan et al., 2011). In places, these limestones are highly

fractured, and the fractures are generally filled with calcite.
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One of the most important things that have affected the
karstification pattern is tectonic structure. In the area,

karstification probably started after emergence of the

central Taurus due to epeirogenetic raise at the end of

Miocene. Following the middle Miocene, karstification in

the region must have deepened due to dry and hot climate.

This period is called the Messinian Salinity Crisis.

Demirkol (1986) stated that the upper Miocene to Pliocene

tectonic development of the region formed under a com-
pressional regime. After these tectonic changes, NNW-SSE

trending folds and reverse faults were formed. In addition,

the region was affected by the ENE and WSW directed

compression as the westward-moving Anatolian plate

probably encountered great resistance in the Agean region.

On the other hand, Akay and Uysal (1988) reported that

the region was later subjected to only ineffective compres-

sion during the upper Pliocene. At the later stages, the
region was affected by N-S compression. Today, the region

continues to be under N-S directional compression and

continues to rise as a block. With sea level changes in the

Mediterranean Sea during the upper Pliocene, the elevation
of karstification started to decrease, and rapid develop-

ment was caused by the NW-SE trending discontinuities.

As a result, caves of multiple periods and stages were

developed with youthful features such as canyons that are

parallel to the NW-SE trending discontinuities. At the

same time, these caves are evidence for regional uplift due

to tectonic movements and change of the morphological

base level due to climatic changes.
Most of the studied caves are well-developed vertical

caves in cross-section. The vertical caves occur in areas

where the base level of cave development is ambiguous or

deep, characteristic of a young uplifted region (Ozansoy and

Mengi 2006). However six caves with a mixture of horizontal

and vertical development shows that the region was

tectonically active (Garašić, 1991; Akgöz, 2012). In the

region, orientation of surface karst features and the
distribution of caves show consistency with distinct tectonic

lines, which indicates the effect of tectonics on karstification.

The orientations of the main faults and lineaments were

Figure 1. Geological map of the study area, with the locations of sample sites Sakarlak Ponor and Kepez Cave. The inset

shows the location of the area within Turkey.
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measured on a digital elevation model (Fig. 2A), and

horizontal directions of cave passages were plotted (Fig. 2B).

It is clearly seen that the directions of faults and

discontinuities in the region are exactly compatible with

the orientations of the caves. The majority of the caves were

developed in the NW-SE direction. On the other hand, if

their development started at NE-SW direction, then new

branches were formed along NW-SE trending discontinuities

that caused changes in direction of the cave development.

SAKARLAK PONOR

The Sakarlak Ponor is a sinkhole formed by collapse of

a cave roof. It is located in the bottom of a blind valley

running N-S (Fig. 3). The original entrance to the ponor

must have been at a lower elevation to serve as a drain for

the valley. One of the characteristic features of blind valleys

is that the valley ends downstream in either a sinkhole or a

cave. Two sinkholes located to the south of the Sakarlak

Ponor in the same valley may indicate former ponors at the

end of the valley, with northward migration of the end

point over a period of time (Fig. 3B). The cave developed

within reef limestone and consists of a main gallery and a

fossil branch indicating a multi-stage development (Fig. 4).

The main gallery of the ponor occurred along NW-SE

trending discontinuities, whereas the fossil branch extends

parallel to the NE-SW trending main tectonic line.

At the junction point of the main gallery with the fossil

branch, there are numerous fallen columns and stalagmites

(Fig. 5). Here displacement must have been caused by

possible collapse and tectonic depression during the

ponor’s development, because of its hard-to-access position

with a depth of 51 meters. In the Sakarlak Ponor, episodic

mud flows inhibited stalagmite development except in some

protected areas showing well developed primary and

secondary stalagmites (Fig. 6).

KEPEZ CAVE

The Kepez Cave is in reef limestone and shows multiple

stages of development. The cave, located on the edge of a

doline (Fig. 3A), consists of the main gallery and lots of

secondary branches. The Kepez Cave has a depth of

65 meters and a length of approximately 370 meters

(Fig. 7). The cave branches extend parallel to NW-SE

trending discontinuities, whereas the main gallery is parallel

to the NE-SW trending tectonic line, with an average

inclination of 45 degrees, and has a ceiling height up to

26 meters. The main gallery is fairly rich with speleothems.

Some reach a height of up to 10 meters (Fig. 8). Initially,

evolution of the main gallery parallel to main tectonic lines

was interrupted by NW-SE trending discontinuities, where

new branches emerged towards to the end of the gallery.

METHODS

The most appropriate samples for paleoseismological

studies are cylindrical stalagmites with uniform growth,

because uniform stalagmites reflect formation under

unchanged conditions, such as water amount and chemis-

try. Throughout the last three years, paleoseismological

data were collected from the caves located in the southern

Taurus Mountain. Three stalagmite samples used in this

study were taken from two different caves, namely the

Figure 2. Rose diagrams showing (A) orientations of the main faults and lineaments obtained from digital elevation model of

the study area and (B) the long axis-orientation of caves in the study area.
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Figure 3. Satellite images from Google Earth showing locations of the Sakarlak Ponor and Kepez Cave (A) and an

enlargement of the the Sakarlak Ponor area showing its relationship to the blind valley and two sinkholes (B).

TRACES OF EARTHQUAKES IN THE CAVES: SAKARLAK PONOR AND KEPEZ CAVE, MERSIN, (SOUTHERN TURKEY)

66 N Journal of Cave and Karst Studies, April 2015



Sakarlak Ponor and Kepez Cave by using SRT (single rope

technique) for access. The reason for selecting these

locations is their protection from anthropogenic and

glacial effects. The stalagmites were cut along the growth

axes, then polished, examined under a binocular micro-

scope for corrosive hiatuses, and dated using U/Th dating.

From each stalagmite, two distinctive samples from the top

and bottom portions of the stalagmite were taken by dental
drilling to determine U/Th age for deviations in the growth

axis angle. After the Hendy Test determining dateable 230Th

mineral in the samples, the U/Th analyses were performed

using the high-precision mass spectrometry at the Environ-

ment Change Laboratory (HISPEC) of the National Taiwan

University. In general, U samples are low levels and a large

part of the samples in the range of 90 to 182 ppb (Table 1).

Ages in Table 1 were calculated in the standard way.

RESULTS

SAKARLAK 4
The sample S4 was taken from the southern side of the

main gallery, where numerous large blocks have collapsed

Figure 4. A plan map and cross-sections of the Sakarlak Ponor.

Figure 5. A fallen stalagmite with more recent stalagmites

at the junction of the fossil passage and the main gallery in

Sakarlak Ponor.
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from the cave ceiling. The sample S4 has a length of

32.3 cm, with base and tip diameters of 11.1 and 3.8 cm

(Fig. 9) respectively. The deposition rate changes with

amount of water, water flow type, and content of carbon

dioxide. Therefore, diameter changes in a stalagmite

indicate fluctuation in water supply. Stalagmite S4 consists

of dark and light colored laminae, and in some cases, gaps

are present between these laminae. In general, such gaps

occur through evaporation due to temperature rise, loss of

moisture, and air circulation (Boch, 2008; Meyer et al.,

2008).

For the formation time of S4, U/Th age determination

was performed on two different parts of sample using MC-

ICPMS technique. Based on age determinations, sample

age of the base and the tip portions were determined 780 6

919 and 775 6 2732 years, respectively. For S4, the average

growth rate was estimated from ratio of time difference to

the distance between the sampling points. This rate for

uniformly developed stalagmite is 1.25 mm for each year.

This value is not within the range of 0.015 mm and 0.37 mm

for each year reported in the literature (Fairchild et al.,

2010; Fleitmann et al., 2004; Frisia et al., 2003; Genty

et al., 2001; Polyak and Asmeron, 2001; Treble et al., 2003;

White, 2007). This may be explained by differences in the

growth rate of stalagmites, as well as variety in their

structure, texture, and chemical composition. The stalag-

mite sample was formed over approximately 258 years

between AD 55 and AD 313. This time interval remains

within the specified period in a general upward trend the

global air temperature between AD 0 and 1000, as is

known from various climate indicators such as tree rings,

lake sediments, and cave deposits (Şenoğlu, 2006).

Deviations of growth axis angle are in keeping to a

very large extent with the historical earthquake times. A

comparison of the occurrence time of historical earth-

quakes in the literature with predicted ages for growth axis

angle deviations provides a possible evidence for earth-

quakes. The margin of error between historical earth-

quakes and predicted years about deviation of the growth

axis angles is maximum 5 years. Stalagmite growth axis

angle deviation of approximately 16 degrees corresponds to

year AD 115 (Fig. 9). This date coincides with the AD 110

and AD 115 Antioch Earthquakes in literature (Altınok

et al., 2011; Erel and Adatepe, 2007; Sbeinati et al., 2005).

In the same literature, it is specified that the intensities of

AD 110 and AD 115 Antioch Earthquakes were respec-

tively 8 and 9, and 260,000 people died as a result of these

earthquakes. In a modeling of the historical tsunami with

a tectonic origin in the Mediterranean, tsunami waves

reached to south coast of Turkey in one hour after a

magnitude 8 earthquake in Helenic Arc, and the south

coast of Turkey was strongly affected by tsunami waves

(Tinti et al., 2005). Similarly, relatively small deviations of

the growth axis angle and the differences in the lamina

thickness and color seen in the stalagmite tip are largely

consistent with historical earthquakes. These earthquakes,

AD 334 Antioch, AD 341 Antioch, AD 344 Rhodes, and

AD 365 Cyprus, had intensities of 9, 8, 9, and 9,

respectively (Antonopoulos, 1980; Pararas-Carayannis,

2011; Erel and Adatepe, 2007; Papadopoulos et al., 2007;

Sbeinati et al., 2005; Soloviev et al., 2000; Tinti et al.,

2005). In literature, Rhodes was largely collapsed as a

result of Rhodes Earthquake in AD 344. In addition, there

were approximately 9 m high tsunami waves in the Medi-

terranean after the Cyprus and Crete Earthquake in

AD 365 (Erel and Adatepe, 2007). Data for the Sakarlak

4 sample are a very good example of the effects of seismic

activity on aspects of stalagmite development such as

growth-axis angle and thickness and color differences of

laminae. These changes are records of past earthquakes,

and hence, they are very useful data for the study of cave

sediments for paleoseismology.

SAKARLAK 1
The sample Sakarlak 1 was taken at the junction of the

main gallery and fossil branch in the nothwestern part of

the main gallery. The stalagmite S1 developed uniformly

and has a length of 29.8 cm. During its development,

the average diameter of approximately 5 cm remained

Figure 6. Primary (P) and Secondary (S) stalactites (stc)

and stalagmites (stg) in the Sakarlak Ponor.
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Figure 7. A plan map and cross-sections of Kepez Cave.
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unchanged. The unchanged diameter shows that there is no

significant change in the amount of dripping water that fed

this stalagmite.

The longitudinal cross-section of S1 revealed, especially

at the end portion the stalagmite, laminae with different

thicknesses and color. This part of the stalagmite also

shows a different growth axis (Fig. 10). Stalagmite growth-

axis angle changes and differences between laminae in

sediment were caused by tectonic effects and settlement

and collapse of the cave during precipitation.

For the formation time of S1, U/Th age was determined

from two different parts of sample using MC-ICPMS

technique. Based on these determinations, sample ages of

the base and tip portions are 65,929 6 337 and 56,439 6

517 years, respectively. For S1, the average growth rate was

calculated from time difference and distance between the

sampling points. The stalagmite shows a uniform develop-

ment with a growth rate of 0.03 mm for each year. This

value is within the range of 0.015 mm and 0.37 mm for each

year given in literature (Genty et al., 2001; Polyak and

Asmeron, 2001; Frisia et al, 2003; Treble et al., 2003;

Fleitmann et al., 2004; White, 2007; Fairchild et al., 2010).

Considering the average growth rate, we concluded that the

sample was formed over 9310 years during the Pleistocene.

Figure 10 shows the deviations of the stalagmite growth-

axis angle labeled with times determined by taking into

account the color and sedimentary changes between

laminae, the average growth rate, and the sample length.

The most significant deviation of the growth axis angle of

stalagmite occurred approximately 61 6 0.5 ka years ago,

when there was a sudden deviation of 26 degrees in the

growth caused by seismic activities (Fig. 10). Values of

subsequent deviations in the growth axis range from 12 to 15

degrees. However, it is difficult to determine the causes of

the deviations. Their occurrence is probably due to seismic

activity or settling and subsidence of the floor of the cave.

The view of the stalagmite was taken out of a collapsed

block. About 56 6 0.5 ka years before present, a stalagmite

growth-axis deviation of about 21 degrees was due to

tectonic activities rather than settling or subsidence in the
cave. The conclusion is based on the difference in the color

of the deposit during approximately 156 years, based on the

length of the lamina and the average growth rate. During the

formation of this stalagmite, climatic oscillation is charac-

terized by changes in carbonate sediment color. Dark-

colored laminae rich in organic matter (Fig. 10) indicate

deposition during period of relatively abundant vegetation

(Bradley, 1999 p. 326–335; Van Beynen et al., 2004; Bayarı

and Özyurt, 2005; Webster et al., 2007; White, 2007; Meyer

et al., 2008; Fairchild et al., 2010). Feed-water from which

the stalagmite formed had more organic substance after

passing through the soil zone due to more intense organic

activities. Therefore, these dark-colored laminae indicate

stalagmite development under a temperate or warm climate,

whereas the light-colored laminae are poor in organic

material and indicate relatively cold climatic conditions.

According to U/Th age determination, the Sakarlak 1
stalagmite was formed during the Pleistocene. According

to the literature, during the period of about 9,000

to 90,000 years before the Holocene, a large part of

the European continent was covered with ice having a

thickness up to 3 km. During this time period, there was a

climatic fluctuation characterized with long-term cooling

and short-term warming periods that would cause color

variations in stalagmites (Altın, 2007).

SAMPLE OF KEPEZ CAVE

The sample from Kepez Cave was taken from the first

point of intersection of a side branch with the main gallery

(Fig. 7). The sample has a length of 16 cm, and its base and

tip diameters are 7.2 and 3.5 cm, respectively (Fig. 11). In

general, the stalagmite shows regular vertical diameter

changes along the growth axis. However, narrowing in
diameter is observed at four different points. Possible

causes of these diameter narrowing’s in the stalagmite are

changes in the amount of water feeding it, interruption of

the dripping water due to tectonic movements, and

seasonal cold and dry climatic conditions.

U/Th ages from two different parts of the sample from

Kepez Cave were determined using MC-ICPMS technique.

Figure 8. Mud-covered speleothems in the Kepez Cave.

TRACES OF EARTHQUAKES IN THE CAVES: SAKARLAK PONOR AND KEPEZ CAVE, MERSIN, (SOUTHERN TURKEY)

70 N Journal of Cave and Karst Studies, April 2015



Table 1. U and Th isotope composition of the stalagmite samples and their 230Th ages.

Isotope

I.D.

Sakarlak 1 Sakarlak 4 Kepez

238U, ppb

Sample 1 97.99 6 0.11 57.399 6 0.045 182.01 6 0.17
Sample 2 94.499 6 0.069 58.414 6 0.053 48.940 6 0.051

232Th, ppt

Sample 1 2963 6 16 5237 6 15 755 6 18
Sample 2 544 6 10 15285 6 75 485 6 9.1

d234U, measured

Sample 1 335.7 6 2.4 340.9 6 1.7 97.4 6 1.5

Sample 2 330.2 6 1.8 337.7 6 2.0 112.1 6 1.9

Age, uncorrected

Sample 1 57015 6 432 2593 6 88 31787 6 188

Sample 2 66038 6 333 4520 6 281 58784 6 426

Age, corrected

Sample 1 56439 6 517 780 6 919 31688 6 194

Sample 2 65929 6 337 775 6 2732 58552 6 441
234Uinitial, corrected

Sample 1 393.7 6 2.8 341.6 6 1.9 106.6 6 1.7

Sample 2 397.8 6 2.2 336.9 6 3.3 132.3 6 2.3

Note: Analytical errors are 2s of the mean. 234Uinitial corrected was calculated based on 230Th age (T) (i.e., d234Uinitial 5 d234Umeasured X el234*T, and T is corrected age); ppb 5

parts per billion; ppt 5 parts per trillion.

Figure 9. Longitudinal section of the Sakarlak 4 sample showing deviations in the growth-axis angle. Dates of the deviations

are derived by interpolating between the dates locations. Historic earthquakes known to have occurred in the area are

also indicated.
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The ages of the base and tip portions of the stalagmite are
31,688 6 194 and 58,552 6 441 years, respectively. The

average growth rate calculated from the time difference

and the distance between the sampling points is 0.006 mm

for each year for the stalagmite. This value is not within the

range of 0.015 mm and 0.37 mm for each year (Genty et al.,

2001; Polyak and Asmeron, 2001; Frisia et al., 2003; Treble

et al., 2003; Fleitmann et al., 2004; White, 2007; Fairchild

et al., 2010). The growth rates of stalagmites, as well as
their structures, textures, and chemical compositions, may

differ. The stalagmite was slowly formed during a time of

about 27 ka years toward the end of the Pleistocene based

on average growth rate, the distance between the dated

points, and the total length of the stalagmite. As mentioned

before, the majority of the European continent was under a

thick layer of glacial ice at this time. Warm periods were

shorter than the periods of cooling. In the longitudinal
cross-section of the Kepez sample, light-colored laminae

are poor in organic matter, whereas dark-colored laminae

are enriched in organic matter due to rapid change in

climate during warm periods (Bradley, 1999 p. 326–335;

Van Beynen et al., 2004; Bayarı and Özyurt, 2005; Webster

et al., 2007; White, 2007; Meyer et al., 2008; Fairchild et al.,

2010). As a result of these data, it could be said that the

light-colored deposition showing the cooling period in
climatic fluctuation repeated approximately 49,410 years

ago, and also in climate fluctuation warming was repeated

during a period of about 43,493 years before present

(Fig. 11).

In the longitudinal cross-section of the Kepez Cave

stalagmite, there are three different deviations of the

stalagmite growth axis. The clearest deviation of the

Figure 10. Longitudinal section of the Sakarlak 1 sample showing deviations in the growth axis angle, with corresponding
ages.

Figure 11. Longitudinal section of the Kepez Cave sample showing deviations in the growth axis angle and approximate ages.
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growth axis angle is about 18 degrees and occurred 55 6

0.5 ka ago. This value could be correlated with the

Sakarlak Ponor sample 1, located approximately 9 km

from the southwest of the Kepez Cave. Considering the S1

age data and the margins of error, this deviation could be

caused by the same seismic activities that led to its growth-

axis change of 21 degrees. Except for the clearest deviation

of the growth axis in the Kepez sample, the other two

deviations of 13 and 14 degrees occurred at different times

(Fig. 11). These data, in addition to the thickness and color

differences among laminae in the sample from Kepez Cave,

indicate that the Kepez Cave was affected by seismic

activity at three different times.

CONCLUSıONS

Caves in the study area are clearly developed on the

fault, fracture, and crack systems. According to the

lineament map generated from the digital elevation model,

the main tectonic line is a NE-SW–trending left-lateral

strike-slip fault. On the other hand, parts of the caves are

parallel to NW-SE–trending discontinuities that are

perpendicular to the main tectonic line. Karstification in

the central Taurus Mountains and also in the study area

began to develop at the transition from Pliocene to

Pleistocene. The NW-SE trending discontinuities and the

warm climatic intervals within the Pleistocene glacial

periods have affected karstification and cave development

in the region.

The U/Th analyses indicate low levels of U in the

samples. Lamina thickness and color changes of the

selected samples were examined together to determine

changes of the stalagmite growth-axis angles, these changes

are possibly due to seismic activity.

According to U/Th age data, the selected stalagmites

were formed in the Pleistocene to Holocene. The S1 sample

from the Sakarlak Ponor was developed over 9310 years

during Pleistocene. During this time, the growth axis of the

stalagmite has changed six times. The Kepez Cave sample

was developed slowly over a time of about 27 ka in the

Pleistocene during which the stalagmite’s growth-axis

position changed at three distinct times. The largest

deviation times of growth axis angle for the Kepez Cave

and Sakarlak 1 samples are 18 and 21 degrees, respectively.

These deviation angles are very close to each other

indicating that two samples were affected by the same

seismic activities. On the other hand, periods of the dark-
colored laminae in the sample reflect interglacial periods in

Pleistocene. Based on the U/Th analytical results of the

selected samples, the youngest dates belong to the Sakarlak

4 sample. When average growth rate, the distance between

sampling points, and the U/Th age data of the sample S4

were evaluated together, the sample shows a rapid growth

in a range of about 258 years between the years AD 55 and

AD 313. In this time interval there was a tendency to an

overall increase in global air temperature.

The deviation times of the stalagmite growth-axis angles

are largely compatible with the times of historical

earthquakes. The determined time of AD 115 yr for the

S4 16 degree growth axis deviation corresponds to the

magnitude 8 earthquake AD 110 or magnitude 9 earth-

quake AD 115 Antioch Earthquakes that caused the death

of thousands of people. The deviation of 4 degrees having a

formation time of AD 147 coincides with AD 142 Rhodes

or AD 144 Fethiye magnitude 8 earthquakes. Ages of

deviations with 17 and 9 degrees were determined as AD

226 and AD 241, respectively. These ages are coincident

with the magnitude 8 earthquakes AD 226 Rhodes and AD

245 Antioch. In addition, lamina thickness and color

differences near the tip of the stalagmite sample coincident

with deviations of the growth-axis angle are thought to be

coincident with magnitude 8 AD 334 and magnitude 9 AD

341 Antioch earthquakes, the magnitude 9 AD 344 Rhodes

earthquake, which was largely caused by the collapse of

Rhodes, or the AD 364 Cyprus-Crete earthquake.

In conclusion, dating deviations of the growth-axis

angle in stalagmites provides information on growth

deformation and development. These ages can be correlat-

ed with occurrence time of historical earthquakes, suggest-

ing possible effects of earthquakes on stalagmite develop-

ment.
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Meyer, M.C., Spötl, C., and Mangini, A., 2008, The demise of the Last
Interglacial recorded in isotopically dated speleothems from the
Alps: Quaternary Science Reviews, v. 27, p. 476–496. doi:10.1016/j.
quascirev.2007.11.005.

Ozansoy, C., and Mengi, H., 2006, Mağarabilimi ve Mağaracılık: Ankara,
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