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The Baºkale Ba sin is lo cated in the east ern most part of Türkiye, within a tec toni cally ac tive area, and lo cated at the in ter sec -
tion of Eu rope, Asia and the Mid dle East. In this study, the Dereiçi travertines, one of the most im por tant prod ucts of
neotectonism in the ba sin, were in ves ti gated sedimentologically, min er al og i cally and geochemically. To un der stand the
neotectonic evo lu tion of the trav er tine suc ces sion, the se quence was stud ied from bot tom to top as re gards mor phol ogy,
lithofacies and U/Th dates. Crys tal line crust, coated gas bub bles, shrub, pa per-thin raft and palaeosol lithofacies have been
de tected in the Derei¸i travertines, which are mor pho log i cally of layer type, two ridge types and ter race type. The Dereiçi
travertines com menced to pre cip i tate at the in ter sec tion of the IêÏklÏ and IlÏcak faults at 255.56 ±9.01 ka, and their de po si tion
con tin ues to day. Trav er tine de po si tion paused twice be tween 198.31 ±18–143.07 ±1.5 ka and 96.73 ±8.34–61.59 ±5.4 ka,
when palaeosol de vel op ment took place. Ac cord ing to field and lab o ra tory stud ies, the Dereiçi travertines de vel oped un der
cli mate and tec tonic con trol. The IêÏklÏ  and IlÏcak faults played ac tive roles in the de vel op ment of the travertines. As the trav -
er tine ages are linked to move ment on both faults, the age of the IêÏklÏ Fault should be 255.56 ±9.01 ka or ear lier, and that of
the IlÏcak Fault should be 143.07 ±1.5 ka or ear lier.

Key words: Baºkale Ba sin, Dereiçi travertines, U/Th dat ing, lithofacies, palaeoclimate.

INTRODUCTION

The study area is lo cated south-east of Lake Van (east ern
Türkiye; Fig. 1A), at the north-west end of the Baºkale Ba sin,
whose west ern and east ern edges are con trolled by faults, be -
tween the Bitlis Zagros su ture zone and the Guila -
to–Siahcheshmeh–Khoy Fault sys tem in north-west Iran
(SaÈlam Selçuk and Düzgün, 2017). The ba sin ex tends from
north-east to south-west, and is 10–15 km wide and 80 km long
(Emre et al., 2012; SaÈlam Selçuk, 2016; SaÈlam Selçuk and
Düzgün, 2017). Al though many stud ies fo cus on the tec tonic
evo lu tion of the Lake Van ba sin (Çukur et al., 2013; KoçyiÈit,
2013; Toker, 2013, 2014; SaÈlam Selçuk, 2016; Toker et al.,
2017a, b; Toker and Tur, 2018; Toker and ªahin, 2019), the
evo lu tion of the Baºkale Ba sin has been ne glected. The
Baºkale Fault Zone, form ing the Baºkale Ba sin, starts from
Yavuzlar vil lage in the north-east (SaÈlam Selçuk and Düzgün,
2017) and ex tends to Dereiçi vil lage in the south-west.

The ba sin and its sur round ings in clude (i) Pre-Neo gene
rocks con sist ing mainly of mar ble and schists, (ii) Neo gene vol -
ca nic rocks such as ba salt, ignimbrite, and (iii) Qua ter nary de -
pos its in clud ing al lu vial sed i ments and travertines (Boray, 1975; 
GöncüoÈlu and Turhan, 1984; Ricou, 1971; YÏlmaz, 1971,

1975). Pre-Neo gene rocks and Qua ter nary de pos its are ex -
posed clearly in the study area. Pa leo zoic–Me so zoic meta mor -
phic rocks of the Bitlis Mas sif form the base ment (Fig. 1C). The
Bitlis Mas sif, the larg est meta mor phic mas sif in Türkiye, is
made up of low- to high-grade meta mor phic rocks (YÏlmaz,
1975; TolluoÈlu, 1981; ªengün, 1984; GöncüoÈlu and Turhan,
1985; HelvacÏ and Grif fin, 1985). The Yüksekova Com plex,
con sist ing of Up per Cre ta ceous gra nitic and dioritic rocks to -
gether with aplit ic veins cut ting these rocks, un con form ably
over lies the base ment (Perinçek, 1979) and is un con form ably
over lain by the lower and mid dle Eocene Durankaya Com plex,
com pris ing shale, sand stone, and lime stone (Perinçek, 1990).
Travertines and re cent al lu vium de vel oped, re lated to NE–SW
trending strike-slip faults that formed as a re sult of tec tonic
move ments, and these un con form ably over lie the pre vi ous
units (Yeºilova, 2021; Fig. 1C).

Travertines are formed by the de po si tion and ac cu mu la tion
of cal cium car bon ate along a fault line, where ground wa ter rich
in cal cium and bi car bon ate co mes to the sur face (Pedley, 1990; 
Ford and Pedley, 1996; Guo and Rid ing, 1998; Pen te cost,
2005; Gandin and Capezuoli, 2008). Be cause of these fea -
tures, travertines are mostly found in geo ther mal fields
(Muir-Wood, 1993; Chafetz and Folk, 1984; Sibson et al., 1975; 
Altunel and Han cock, 1993a, b; Griffiths and Pedley, 1995;
Pen te cost, 1995, 2005; Guo and Rid ing, 1998; Özkul et al.,
2002; Piper et al., 2007; Faccenna et al., 2008; Mesci et al.,
2008) and fol low the frac ture sys tem (Altunel and Han cock,
1993b; Guo and Rid ing, 1998; Fouke et al., 2000; Pen te cost,
2005; Veysey et al., 2008; Guido et al., 2010; Guido and Camp -
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bell, 2011; Yeºilova et al., 2019, 2021). Many pa ram e ters, the
most im por tant of which is palaeomorphology, af fect the de vel -
op ment and mor phol ogy of travertines (Ordonez et al., 1986;
Pen te cost, 1995; Guo and Rid ing, 1998), such as tec ton ics
(Altunel and Han cock, 1993b; Guo and Rid ing, 1998; Fouke et
al., 2000; Pen te cost, 2005; Brogi and Capezzuoli, 2009, 2014)
and cli mate (Pedley, 1990; An drews, 2006; Toker et al., 2015;
Toker, 2017; Tagliasacchi-Toker and Kayseri-Özer, 2020;
Kandemir et al., 2021). How ever, many fac tors con trol trav er -
tine oc cur rence, in clud ing the shape of the source, the chem is -
try (in clud ing cal cium con tent) of the wa ter, mor phol ogy, bi o log -
i cal ac tiv ity, and vol ca nism (Julia, 1983; Barnes et al., 1978;
Chafetz and Folk, 1984; Pedley, 1990; Altunel and Han cock,
1993a, b; Ford and Pedley, 1996; Guo and Rid ing, 1998; Pen -
te cost, 2005; D’Alessandro et al., 2007; Huybers and Langmuir, 
2009; Guido et al., 2010; Capezuoli et al., 2014). Palaeosols re -
cord the phys i cal, bi o log i cal, and chem i cal his tory of trav er -
tine-form ing sys tems (Ta bor and Meyers, 2015). The name of
palaeosol is given to an cient soils formed due to the in ter ac tion
of the litho sphere, hy dro sphere, bio sphere and at mo sphere

(Kraus, 1999; Retallack, 2014; Ta bor and Meyers, 2015).
Palaeosols are fre quently used in palaeoclimate as sess ments
due to their high pol len con tent (e.g., Rich mond, 1962; Bertini et 
al., 2014; Tagliasacchi-Toker, 2018; Tagliasacchi-Toker and
Kayseri-Özer, 2020), and their pres ence also in di cates that
weath er ing pro cesses be gan and thus trav er tine occurrence
ceased (Chafetz and Folk, 1984; Guo and Rid ing, 1998; Özkul
et al., 2002; Van Noten et al., 2018). Palaeosol oc cur rence can
also oc cur with a change in di rec tion of the ther mal wa ters that
make up the trav er tine (Brogi et al., 2012; Capezzuoli et al.,
2014; Gandin and Capezzuoli, 2014; Brogi et al., 2016).

This study de ter mines the de po si tion and de vel op ment of the 
Dereiçi travertines in the Baºkale Ba sin, no ta bly the ef fects of cli -
mate, tectonism, magmatism, bi o log i cal ac tiv ity and ground wa ter 
on this trav er tine de posit. These help con strain the pa ram e ters
con trol ling the age and de vel op ment of Derei¸i travertines. This
study is the first to de tail the oc cur rence of travertines in the
Baºkale Ba sin, a tec toni cally ac tive area on the East ern Ana to -
lian Pla teau, and also con trib utes to un der stand ing the tec tonic
evo lu tion and cli mate dy nam ics of the area.
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Fig. 1A – lo ca tion map of the study area, the ar rows in di cate the di rec tion of move ment of the plates; B – map show ing 
the lo ca tion of the travertines (C); C – geo log i cal map of the study area and sur round ing re gion (sam ple lo ca tions 
are shown with let ter T on the map, all faults shown on the map are re vised af ter SaÈlam Selçuk and Düzgün (2017)

https://gq.pgi.gov.pl/article/view/28590


MATERIALS AND METHODS

The study area cov ers an av er age area of 20 km2 be tween
the vil lages of Dereiçi, Uludurak and Beºocak. In this area,
mea sured strati graphic sec tions were made of each trav er tine
suc ces sion de tected, and trav er tine lithofacies de scrip tions/in -
ter pre ta tions were made. Sec tions were mea sured at the best
trav er tine ex po sures, of which four sec tions were of layer type,
three of a first ridge type, three of a sec ond ridge type and two
were of ter race type travertines (Fig. 1C). The gen er al ized co -
lum nar sec tion was de rived by cor re la tion of re lated suc ces -
sions (Fig. 2).

For U/Th ra dio met ric anal y sis, sam ples were ob tained from
the lower and up per parts of each suc ces sion. In ad di tion, for
petrographic anal y sis in volv ing thin sec tion pe trog ra phy, scan -
ning elec tron mi cros copy and en ergy dispersive X-ray spec -
tros copy (SEM-EDX), 52 sam ples were se lected from the trav -
er tine suc ces sions. Petrographic thin sec tions were made from
40 sam ples, and SEM-EDAX anal y sis was per formed on 12
sam ples. Six sam ples, from the lower and the up per parts of
each trav er tine suc ces sion, were sent for U/Th age dat ing. The
UTM co or di nates for the cor ner points of the study area and for
the sam ples taken for U/Th anal y sis are given in Ta ble 1.

Field study. In the field stud ies, each trav er tine unit was
iden ti fied sep a rately, and the strati graphi cal re la tion ship of the
travertines was de ter mined and re lated to the re gional tec tonic
his tory.  The suc ces sion, which is lo cally ob scured by over bur -
den, was es tab lished by trac ing lat eral con ti nu ity. Four trav er -
tine morphologies were iden ti fied in this study. These are (i)
layer type travertines, (ii) first ridge type travertines, (iii) sec ond
ridge type travertines and (iv) ter race type travertines.
Lithofacies and lithofacies as so ci a tions were de ter mined ac -
cord ing to their lithological char ac ter is tics (layer lo ca tion, layer
thick ness, col our, macrofossil con tent, macrotexture, po ros ity,
etc.; e.g., Julia, 1983; Chafetz and Folk, 1984; Pedley, 1990;
Ford and Pedley, 1996; Guo and Rid ing, 1998; Pen te cost,
2005; Gandin and Capezuoli, 2008; Capezuoli et al., 2104).
Palaeosols in the study area con sist of beige-brown and un con -

sol i dated sandy-silty and clayey units (e.g., Kraus, 1999;
Retallack, 2014; Ta bor and Meyers, 2015). Two palaeosol lev -
els were iden ti fied in the travertines, which oc cur both be tween
bed ded travertines and ridge travertines, and be tween two
ridge type travertines (Fig. 2).

De fin ing the faults in the study area was helped by data
from pre vi ous stud ies, with fac tors such as the move ment
mech a nisms and di rec tions be ing taken into ac count (Emre et
al., 2012; KoçyiÈit, 2013; SaÈlam Selçuk, 2016; SaÈlam Selçuk
and Düzgün, 2017). The IêÏklÏ Fault (de fined in the study area)
is ~5 km away from IêÏklÏ vil lage, caus ing both lat eral (sinistral)
and ver ti cal (along-slope) move ments within the geo log i cal
units. As re gards its lo ca tion and ki ne matic char ac ter is tics, the
IìÏklÏ Fault rec og nized in the study area is a con tin u a tion of the
IêÏklÏ Fault de scribed in pre vi ous stud ies (SaÈlam Selçuk, 2016; 
SaÈlam Selçuk and Düzgün, 2017). The layer type travertines
were de vel oped on the block mov ing downslope due to the ef -
fect of this fault (Fig. 1C). The IlÏcak Fault was lo cated at an av -
er age dis tance of 7 km from the area where it was orig i nally de -
fined and mapped and along the same di rec tion. Sinistral
move ment was de tected in the units af fected by this fault, on
which the 1st ridge type travertines were formed (Fig. 1C). The
fault lines iden ti fied in this study were not ex ca vated, and so
more de tailed data can not be pro vided. Fault def i ni tions were
made based on pre vi ous stud ies (Emre et al., 2012; KoçyiÈit,
2013; SaÈlam Selçuk, 2016; SaÈlam Selçuk and Düzgün,
2017) and on move ments in the geo log i cal units af fected.

U/Th anal y sis. Six sam ples were col lected from lower and
up per parts of each trav er tine oc cur rence (Fig. 2) and ana lysed
(Ta ble 2). About 40–80 g of sam ple was pre pared by crush ing
with a ham mer. U/Th anal y ses were per formed us ing a
multi-col lec tor in duc tively cou pled plasma mass spec trom e ter
(MC-ICP-MS), Thermo Elec tron Nep tune, in the High-pre ci sion
Mass Spec trom e try and En vi ron ment Change Lab o ra tory
(HISPEC), De part ment of Geosciences, Na tional Tai wan Uni -
ver sity. A tri ple-spike 229Th-233U-236U iso tope di lu tion method
(Shen et al., 2003) was used to cor rect for in stru men tal frac tion -
ation and to de ter mine U/Th iso to pic and con cen tra tion (Shen
et al., 2012). The half-lives of U-Th nuclides used are avail able
in Cheng et al. (2013). Un cer tain ties in the U-Th iso to pic data
and 230Th dates were cal cu lated at the 2s level or two stan dard
de vi a tions of the mean (2sm) un less oth er wise stated.

Minerology-Pe trog ra phy. 52 sam ples were col lected for
min er al og i cal and petrographic anal y sis: 40 sam ples for thin
sec tions and 12 sam ples for SEM anal y sis. 

Thin sec tions were pre pared in the lab o ra tory of Dokuz
Eylül Uni ver sity, TorbalÏ Vo ca tional High School. Ori ented
match box-sized sam ples were cut and glued to 2 mm-thick
frosted glass slides with ar al dite and hard ener. The ad hered
sam ples were thinned on an abra sive disc to pre pare for ex am i -
na tion un der the mi cro scope. Min er al og i cal and petrographic
de ter mi na tions were made ac cord ing to stan dard car bon ate
and es tab lished trav er tine clas si fi ca tions (Folk, 1962; Dun ham,
1962; Pen te cost, 2005; Rid ing, 2008).

The SEM sam ples were ex am ined at the Sci en tific Re -
search and Ap pli ca tion Cen ter of Van Yüzüncü YÏl Uni ver sity,
us ing a type of elec tron mi cro scope that ob tains im ages by
scan ning the sam ple sur face with a fo cused elec tron beam,
pro vid ing in for ma tion about the to pog ra phy and com po si tion of
the sam ple sur face. Both nat u ral and pol ished sec tions were
coated with Au-Pd for 90 sec onds for SEM anal y sis, and pho to -
graphed with an SE2 de tec tor.
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UTM co or di nate of Study area (38 S)

Cor ner point UTM co or di nate

1 408069 E / 4190194 K

2 409712 E / 4189451 K

3 408212 E / 4189444 K

4 406794 E / 4188170 K

UTM co or di nate of sam ples (38 S)

Sam ple no UTM co or di nate

T6 409092 E / 4188922 K

T5 408610 E / 4189349 K

T4 407544 E / 4188219 K

T3 407695 E / 4188310 K

T2 407635 E / 4188269 K

T1 407677 E / 4188227 K

T a  b l e  1

UTM co or di nate of study area and sam ple lo ca tions (for U/Th)
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Fig. 2. Strati graphic sec tion show ing the trav er tine in Dereiçi re gion

In the cross-sec tion, lithofacies as so ci a tions and sam ple lo ca tions are in di cated



RESULTS

A gen er al ized trav er tine strati graphic col umn for the area
was pre pared, tak ing into ac count lat eral and ver ti cal lithofacies 
vari a tions (Fig. 2). The Dereiçi travertines, with a to tal thick ness 
of 232 m and con tain ing four dif fer ent trav er tine suc ces sions,
con sist of 5 dif fer ent lithofacies (Fig. 2). The travertines oc cur at 
the in ter sec tion points of the IêÏklÏ dextral strike-slip fault with a
nor mal com po nent and NNE–SSW trend and the IlÏcak left-lat -
eral strike-slip fault of NE–SW trend (see Fig. 1C).

At the base of the se quence are layer type travertines
formed be tween 255.58 ka and 198.31 ±18 ka (255.56 ±9.01–
198.31 ±18 ka at the base of the first trav er tine unit; Fig. 3A, B).
Ridge type travertines above the layer type travertines were
formed be tween 143.07 ±1.5–96.73 ±8.34 ka (sec ond trav er -
tine unit). The over ly ing sec ond ridge type travertines formed at
about 61.59 ±5.4 ka (third trav er tine unit). Lastly, from
38.21 ±12.1 ka, ter race type travertines (fourth trav er tine unit)
formed on the south east ern slope of the sec ond ridge type
travertines (Fig. 3G). Ter race-type travertines still con tinue to
form (see Figs. 1C and 2).

MORPHOLOGICAL CLASSIFICATION

Layer type trav er tine. This is ob served in the field as
cream-yel low, me dium to thick bed ded trav er tine. Its mor phol -
ogy con sists of 4 dif fer ent trav er tine lithofacies in clud ing crys tal -
line crust, shrub, coated gas bub bles and pa per-thin raft
lithofacies. Travertines in the first 55 metres of the 81-metre
thick ness in clude an al ter na tion of crys tal line crust, shrub and
coated gas bub ble lithofacies (Fig. 2). In the re main ing 26
metres of this type, there is an al ter na tion of shrub and pa -
per-thin raft lithofacies (Fig. 2). This trav er tine de vel oped along
the last 2 kilo metres of the south ern tip of the IêÏklÏ Fault (see
Fig. 1C).

First ridge type trav er tine.  These travertines, which over -
lie the layer type travertines, are 85 metres thick, be ing sep a -
rated from them by a 2 metre-thick palaeosol (Fig. 2). This light
to dark brown trav er tine formed along the IlÏcak left-lat eral
strike-slip fault at its in ter sec tion with the IêÏklÏ nor mal com po -
nent-left-lat eral strike-slip fault. Its length is ~500 m (Fig. 3C, D). 
Crys tal line crust and coated gas bub bles lithofacies form the
main lithofacies, ac com pa nied by shrub lithofacies. Only one in -
stance of pa per-thin raft lithofacies was ob served in the sec tion. 
There is lo cally a wa ter fall lithofacies as so ci a tion on the steep
slopes of this trav er tine type (Fig. 3D). 

Sec ond ridge type trav er tine. This starts with a palaeosol
level at the base, as with the first ridge type trav er tine (Fig. 2).
This trav er tine mor phol ogy, with a to tal thick ness of 13 metres,
has four dif fer ent lithofacies: crys tal line crust, shrub, coated gas 
bub bles and pa per-thin raft (Figs. 2 and 3E, F). This mor phol -
ogy was formed by wa ters car ried up wards due to a frac ture
that opened on the north-east slope of the first ridge type trav er -
tine (see Fig. 1). Ter race type travertines formed on the south -
east slopes of the NE–SW trending travertines. An al ter na tion
of crys tal line crust and coated gas bub bles lithofacies was
found in the lower parts of the trav er tine suc ces sion, and an al -
ter na tion of shrub and pa per-thin raft lithofacies in the up per
parts (Fig. 2).
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Fig. 3. Dif fer ent trav er tine units in the study area

A, B – ter race type trav er tine, C–F – ridge type trav er tine, G, H – ter race type trav er tine



Ter race type trav er tine. This trav er tine unit formed in three 
dif fer ent pe ri ods; first, sec ond and third. The travertines com -
pletely dried and ran out of wa ter in the first pe riod. These
travertines are a com mon weath er ing prod uct, and were af -
fected by tectonism (Fig. 3H). In the sec ond pe riod, semi-cur -
rent travertines formed, the lower parts of which rep re sent com -
pletely dry con di tions, while the up per parts have wa ter out lets
in places. Weath er ing pro cesses have also started in these
travertines (Fig. 3H). Cur rent travertines rang ing in col our from
white to cream are sit u ated at the south end of the ter race type
travertines (Fig. 3G, H). The ter race type travertines be come
youn ger as the dis tance from the crack axis of the sec ond ridge
type trav er tine in creases (i.e. they be come youn ger to wards the 
south-east). The to tal thick ness of the trav er tine suc ces sion
reaches ~56 m.

TRAVERTINE LITHOFACIES

Within the trav er tine suc ces sion, 5 dif fer ent lithofacies types 
were dis tin guished: crys tal line crust, shrub, coated gas bub -
bles, pa per-thin raft and palaeosol (Figs. 2 and 3). Crys tal line
crust and coated gas bub bles lithofacies are the most fre quent
types in the field. Lithofacies def i ni tions and nam ing are based
on pre vi ous stud ies (Chafetz and Folk, 1984; Guo, 1993; Guo
and Rid ing, 1998; Ozkul et al., 2002; Gandin and Capezzuoli,
2008; Capezzuoli et al., 2014).

Crys tal line crust lithofacies. The de pos its of this
lithofacies are cream-beige in col our, and have a slightly po rous 
struc ture (Figs. 2 and 4A). Thick nesses of lay ers vary from 0.6
to 45 cm.

Coated gas bub bles lithofacies. This is one of the most
com mon lithofacies in the field, be ing re peated 30 times or
more in the en tire trav er tine suc ces sion (Fig. 2). The lay ers, 0.3
to 45 cm thick, have beige and white colours and are highly po -
rous (Fig. 4B).

Shrub lithofacies. The lay ers of this lithofacies are
beige-white, and al ter nate with lay ers of pa per-thin raft
lithofacies. Their thick ness ranges from 1 and 20 cm (Fig. 2).
This lithofacies shows three dif fer ent forms in the field: (i) as
lon gi tu di nally grow ing shrubs be tween ar agon ite lay ers, (ii) as
dwarf shrubs within lay ers, and (iii) as tiny shrub balls in ter race
pools (Fig. 4C, D).

Pa per-thin raft lithofacies. The lay ers of this lithofacies
are the least fre quent, and al ter nate with lay ers of shrub
lithofacies in their up per parts. They were ob served in the up per 
parts of the layer type and sec ond ridge type travertines in the
study area (Fig. 2). The thick ness of the beige and brown lay ers
ranges from 0.7 and 5 cm (Fig. 4E).

Palaeosol. Palaeosols, beige-brown in col our, are pres ent
at dif fer ent lev els of the se quence, and are cal car e ous in their
up per parts due to al ter ation of the over ly ing trav er tine (Figs. 2
and 4H). The thick nesses of the lower and up per palaeosol lev -
els are ~2 m and 1.5 m, re spec tively (Fig. 4H). These thick -
nesses de crease fur ther down the slope. While the palaeosols
ex am ined in the Dereiçi re gion over lie an ir reg u lar trav er tine
sur face, sharply de fined travertines rest on top of them.

MINERALOGY AND PETROGRAPHY

The cal cite of the crys tal line crustal lithofacies IS mostly ob -
served as lim pid cal cite crys tals (sparry; Fig. 5A–C, E); there
are very few micritic occurences (Fig. 5L, P, Q), While cal cite
crys tals de vel oped as in di vid ual crys tals per pen dic u lar to the
growth axis (Fig. 5B, C, E) are ob served oc ca sion ally (Fig. 5A).

In places the up per sur faces of bun dles of crys tals ex hibit sin u -
ous tex tures, while else where they con sist of conchoidal fans
(Fig. 5A–C, E). Cal cite growth lines have a sin u ous tex ture
within thin cal cite laminae (Fig. 5A–C, E). Cal cite crys tals form -
ing crys tal fans dis play con spic u ous ex tinc tion un der cross-po -
lar ized light (Fig. 5A–C). The cal cite laminae vary in thick ness.
There are also oc ca sional Si- and Mg-bear ing nod ules of in the
bun dles of cal cite crys tals (Fig. 5C–D). Si, Fe and Mn to gether
with ir reg u lar cal cite crys tals were iden ti fied in the pa per-thin
raft lithofacies (Fig. 5F, G). Mi cro bial mats and min er als oc cur
to gether in the raft-type lithofacies (Fig. 5F, O). These mi cro bial 
mats de vel oped around the min er als (Fig. 5F, O). Shrubs, with
su per im posed leaves, re sem ble thin fans grow ing along their
long axis (Fig. 5H, I), like the leaves of a short shrub (Fig. 5I),
and these shrubs are sur rounded by mi cro bial mats (Fig. 5J).
Again, as for all other lithofacies, Si-bear ing grains are en coun -
tered in this lithofacies (Fig. 5J, K). The crys tal line crustal
lithofacies in volves in ter ca la tions of ar agon ite crys tals and rods
(see Figs. 4C, F and 5M). These ar agon ite rods are placed in
su per po si tion and per pen dic u lar to the bed ding planes (see
Figs. 4C and 5M).

INTERPRETATION OF FACIES ASSEMBLAGES

Lithofacies types can be used to in ter pret many as pects
such as dis tance from source, depositional en vi ron ment,
pauses in trav er tine de po si tion, and fault/frac ture ac tiv ity
(Kitano, 1963; Chafetz and Folk, 1984; Folk et al., 1985;
Chafetz et al., 1991; Ford and Pedley, 1996; Guo and Rid ding,
1998; Özkul et al., 2002). There fore, each lithofacies can rep re -
sent a dif fer ent en vi ron ment.

These travertines in di cate dif fer ent en vi ron men tal con di -
tions dur ing growth of the lithofacies form ing the travertines
(e.g., bi o log i cal ac tiv ity, min er al og i cal and petrographic char ac -
ter is tics, wa ter re gime, dip, oc cur rence tem per a ture) and dif fer -
ent lithotypes. These en vi ron men tal con di tions pro duce dif fer -
ent lithofacies as so ci a tions (Guo and Rid ing, 1998; Özkul et al., 
2014). The travertines are clas si fied into three main lithofacies
as so ci a tions and four sub-lithofacies as so ci a tions us ing the no -
men cla ture of Guo and Rid ing (1998). Ma jor lithofacies as so ci -
a tions in clude slope, ridge and de pres sion depositional en vi -
ron ments. When re con struct ing the depositional en vi ron ments, 
pa ram e ters such as the tem per a ture of the wa ter, the slope of
the lay ers, mor phol ogy, lo ca tion of the main frac ture, layer
thick nesses, horizontality of the lay ers form ing the fa cies, ce -
ment type (micrite/sparite) and bi o log i cal ac tiv ity are taken into
ac count (e.g., Guo and Rid ing, 1998; Özkul et al., 2014;
Capezzuoli et al., 2014). 

SLOPE DEPOSITIONAL ENVIRONMENT

This lithofacies as so ci a tion is rep re sented by two sub-litho -
facies as so ci a tions in the field area, con sist ing of smooth slope
lithofacies as sem blages and ter raced slope lithofacies as sem -
blages. Smooth slope lithofacies as sem blages are mor pho log i -
cally com posed of layer type travertines (see Fig. 2). This
sub-lithofacies as so ci a tion also forms the base of the slope
depositional en vi ron ment lithofacies as sem blage. Ter raced
slope lithofacies as sem blages are mor pho log i cally com posed
of ter race type travertines (see Fig. 2). This sub-lithofacies as -
so ci a tion forms in the top of slope depositional en vi ron ment
lithofacies as sem blage. 

Smooth slope lithofacies as sem blages. This lithofacies
as so ci a tion is rep re sented by crys tal line crust, coated gas bub -
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Fig. 4. Dif fer ent lithofacies types form ing the travertines

A – crys tal line crust lithofacies; B – coated gas bub bles lithofacies; C, D – shrub lithofacies; E – pa per-thin raft lithofacies; F – wa ter fall
lithofacies as so ci a tion; G – ter race lithofacies as sem blages; H – palaeosol, crys tal line crust, coated gas bub bles lithofacies
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Fig. 5. Thin sec tion, SEM and EDX im ages of trav er tine lithofacies

A, B, E, I, Q – thin sec tion im ages of lithofacies; note that the cal cite fans in (a and e) are not of equal thick ness; shrub (C, F, J, L, M, O)
SEM im ages of lithofacies; H – shrub lithofacies; D, G, K, N – EDX anal y sis of SEM im ages; P – crys tal line crust lithofacies; ca – cal cite,

mm – mi cro bial mat, ar – ar agon ite, si – sil i con, fe – iron, mn – man ga nese



ble and shrub lithofacies with a to tal thick ness of 55 metres. The 
crys tal line crust lithofacies is 33 metres, the coated gas bub bles 
lithofacies is 19 metres, and the shrub lithofacies is 3 metres
thick (see Fig. 2). The dip an gle of the slope depositional en vi -
ron ment var ies be tween 25 and 35°. The crys tal line crust
lithofacies mainly oc curs in source ar eas where wa ter tem per a -
ture and en ergy are high (e.g., Guo and Rid ing, 1998). The
coated gas bub bles lithofacies formed from hy dro ther mal flu ids
with high gas con tent (Özkul et al., 2014). Con sid er ing these
fea tures of the lithofacies, this lithofacies as so ci a tion oc curs in
warm wa ter slope en vi ron ments where rapid wa ter flow and
less bi o log i cal ac tiv ity are ob served (e.g., Guo and Rid ing,
1998). The sin u ous tex ture of cal cite growth lines, with an up -
wards trend in thin cal cite laminae, in di cates that these crys tals
grew per pen dic u lar to the depositional axis (Özkul et al., 2001).
That the cal cite crys tals ex am ined are per pen dic u lar to the bed -
ding planes and have a thin struc ture in di cates lim ited bi o log i cal 
ac tiv ity and thus rapid wa ter flow. Be cause the flow rate of the
wa ter form ing the cal cite crys tal fans was not con stant, these
crys tal fans de vel oped with dif fer ent sizes (see Fig. 6A, B, E)
(e.g., Özkul et al., 2001; Jones, 2017; Luo et al., 2021).

Ter raced slope lithofacies as sem blages. This is the last
lithofacies as so ci a tion, with a thick ness of 46 m at the top of the
se quence. Trav er tine ter race pools are rep re sented by the
shrub lithofacies and wa ter fall lithofacies as so ci a tion grow ing in 
pools. The edges of these pools are com posed of crys tal line
crust lithofacies, while the ter race pools are made up of pa -
per-thin raft, shrub and coated gas bub ble lithofacies. The wa -
ter fall lithofacies as so ci a tion is beige-white, ob served in the
study area on the walls of the pools of the ter race type
travertines and on the wall of the first ridge type travertines
(Figs. 3D, G and 4F, G). On the edges of the ter race pools, the
lithofacies as so ci a tion is 10–80 cm-thick and beige-white, while 
on the walls of the first ridge type trav er tine it is 10–15 cm-thick
and brown (Figs. 3D, G and 4 F, G). The up per most lev els of
the first ridge type lithofacies as so ci a tion are formed by the
crys tal line crust lithofacies. How ever, the up per most crys tal line
crust lithofacies lat er ally tran si tions into the wa ter fall lithofacies
as so ci a tion. There fore, the wa ter fall lithofacies as so ci a tion is
not shown on the first ridge type travertines in the sec tion. Like -
wise, since all lithofacies found in ter race type travertines were
ex am ined in ter race lithofacies as sem blages, this lithofacies
as so ci a tion was not shown in the sec tion (see Fig. 2). This
lithofacies as so ci a tion still con tin ues to form. The tem per a ture
of the wa ters var ies pres ently from 12 to 17°C, mostly due to
sea sonal tem per a ture changes. The av er age air tem per a ture
dif fer ence be tween sum mer and win ter is ~40°C. The growth of
the shrubs in the ter race pools and the mi cro bial mats in the
SEM im ages in di cates or ganic ac tiv ity (see Fig. 5H–J). The wa -
ter fall lithofacies as so ci a tion is sur rounded and cov ered by
shrub lithofacies (e.g., Guo and Rid ing, 1998). The lo ca tion and 
land scape of de pos its and lithofacies char ac ter is tics show that
this lithofacies as so ci a tion de vel oped in the form of ter races
over flow ing with wa ter, the ter race walls formed by the over -
flow ing wa ter on steep slopes (e.g., Chafetz and Folk, 1984;
Guo and Rid ing, 1998).

RIDGE DEPOSITIONAL ENVIRONMENT

This lithofacies as so ci a tion is rep re sented by slope and flat
slope lithofacies as sem blages with sub-lithofacies as so ci a -
tions.

Slope lithofacies as sem blages. The crys tal line crust
lithofacies in cludes an al ter na tion of coated gas bub bles and
shrub lithofacies, just like the smooth slope lithofacies as sem -
blages. These as sem blages have sim i lar fea tures to the

smooth slope lithofacies as re gards min er al og i cal and pet ro -
graph i cal com po nents. The main dif fer ence be tween the two
lithofacies as so ci a tions is that smooth slope lithofacies as sem -
blages formed by wa ter flow ing down the slope in front of the
fault (layer type trav er tine). How ever, slope lithofacies as sem -
blages were formed in ridge type travertines. This lithofacies as -
so ci a tion formed as a re sult of a ver ti cal fault on a 30° slope,
with reg u lar wa ter flow along the fault (e.g., Guo and Rid ing,
1998; Özkul et al., 2014). The lithofacies as so ci a tion formed in
ridge de po si tion en vi ron ments may be de scribed with ref er ence 
to both plant con tent and petrographic char ac ter is tics (e.g.,
Guo and Rid ing, 1998; Özkul et al., 2014).

Flat slope lithofacies as sem blages. En vi ron ments where 
the slope an gle starts to de crease are termed flat slope (Özkul
et al., 2014). In the first ridge type travertines, it is rep re sented
by crys tal line crust and shrub type lithofacies, while in the sec -
ond ridge type of travertines, it con sists of shrub and pa per
thin-raft lithofacies. In the field, these are found in lat eral con ti -
nu ity with the slope lithofacies as sem blages (first ridge type
trav er tine) or on slope lithofacies as sem blages whose layer
slopes are close to hor i zon tal (sec ond ridge type trav er tine)
(see Fig. 2). Layer thick nesses vary be tween 3 and 8 cm. Thin
lay ers in di cate that the wa ter flow slowed down on the flat tened
to pog ra phy (e.g., Guo and Rid ing, 1998; Özkul et al., 2014).
While the wa ters emerg ing from the frac ture on the slope form
the slope lithofacies as sem blages on both sides of the fault, the
flat slope lithofacies as sem blages are formed with slope
lithofacies as sem blages in ar eas where the slope be comes flat -
ter (e.g., Guo and Rid ing, 1998; Özkul et al., 2014).

DEPRESSION DEPOSITIONAL ENVIRONMENT

This lithofacies as so ci a tion is rep re sented by the
sub-lithofacies as so ci a tion of shrub flat lithofacies as sem blages.

Shrub flat lithofacies as sem blages. Shrub flat lithofacies
as sem blages were first used by Guo (1993) and Guo and Rid -
ing (1998). The main char ac ter is tics of this lithofacies as so ci a -
tion are hor i zon tal, near-hor i zon tal light-col oured and thin-bed -
ded lay ers, spread ing lat er ally over large ar eas. How ever, in
this study, pa per-thin raft lithofacies with the same fea tures will
be in cluded in this sub-lithofacies as so ci a tion. The shrub-like
short plants, mi cro bial ac tiv ity, and trav er tine rafts in di cate that
the en vi ron ment was a bush plain and on oc ca sion it changed
to a lac us trine en vi ron ment (Chafetz and Folk, 1984; Guo and
Rid ing, 1998; Özkul et al., 2014; Capezzuoli et al., 2104;
Kandemir et al., 2021). It is un der stood that this sub-lithofacies
formed within the depressional depositional en vi ron ment, con -
sid er ing the en vi ron men tal pa ram e ters of both lithofacies de -
scribed above (e.g., Guo and Rid ing, 1998; Özkul et al., 2014).

DISCUSSION

FACTORS CONTROLLING THE OCCURRENCE OF TRAVERTINE

Many fac tors con trol the oc cur rence of trav er tine, such as
cal cium con tent, bi o log i cal ac tiv ity, mor phol ogy, shape of
source, amount of wa ter, cli mate, tectonism and magmatism
(Julia, 1983; Barnes et al., 1978; Chafetz and Folk, 1984;
Pedley, 1990; Altunel and Han cock, 1993a, b; Ford and Pedley, 
1996; Guo and Rid ing, 1998; Pen te cost, 2005; D’Alessandro et
al., 2007; Huybers and Langmuir, 2009; Guido et al., 2010;
Capezuoli et al., 2104; Yeºilova et al., 2021). Here, cli mate
(Lisiecki and Raymo 2005; North Green land Ice Core Pro ject
mem bers, 2004; Steffensen et al., 2008; Svens son et al., 2008;
Wolff et al., 2010; Barker et al., 2011; Litt et al., 2014; Toker et
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al., 2015), tectonism (KoçyiÈit,  2013; Emre et al., 2012; SaÈlam 
Selçuk, 2016; SaÈlam Selçuk and Düzgün, 2017; Kandemir et
al., 2021), magmatism (Keskin, 2003; Özdemir et al., 2006;
Lebedev et al., 2010; Özdemir and Güleç, 2014; Oyan et al.,
2016, 2017; Oyan, 2018a, b; Açlan and Altun, 2018), source
area and geo mor phol ogy are dis cussed in de tail.

Four dif fer ent stages are rep re sented in the Dereiçi
travertines (Fig. 2). They can be or dered as fol lows: (i) layer
type trav er tine be tween 255.56 ±9.01 ka and 198.31 ±18 ka, (ii)
ridge type trav er tine be tween 143.07 ±1.5 ka and
96.73 ±8.34 ka, (iii) ridge type trav er tine be tween 61.59 ±5.4 ka
and 38.21 ±12.1 ka, and (iv) ter race type trav er tine be tween
31.21 ka to re cent times. The for ma tion of travertines ev i dently
paused twice at the palaeosol lev els due to weath er ing and ero -
sion pro cesses. The first pause oc curred be tween 198.31 ±18
and 143.07 ±1.5 ka and the sec ond one oc curred be tween
96.73 ±8.34 and 61.59 ±5.4 ka (e.g., Kraus, 1999; Retallack,
2014; Ta bor and Meyers, 2015). Palaeosols in di cate stag na -
tion/dis place ment in the spring wa ters mak ing up the travertines 
or pauses in tec tonic ac tiv ity (Chafetz and Folk, 1984; Guo and
Rid ing, 1998; Özkul et al., 2002, 2010; Faccenna et al., 2008).

Cli mate. This study is the sec ond to ex am ine the trav er tine
oc cur rences in Lake Van and sur round ings (east ern Türkiye) in
de tail, and the first study in the Baºkale Ba sin. In the first study,
Yeºilova et al. (2021), have ex am ined in de tail their occurrence
and de vel op ment of the Edremit travertines and tufas. Edremit
Trav er tine and Tufas are lo cated ~85 km north-west of Derei¸i
travertines. There fore, this study will be cor re lated with the data
of Yeºilova et al., (2021). Stages of trav er tine oc cur rence and
palaeosol lev els were used in com par ing trav er tine oc cur -
rences with cli mate data.  Palaeosols formed  twice in the se -
quence, be tween 198.31 ±18 ka and 143.07 ±1.5 ka and be -
tween 96.73 ±8.34 ka and 61.59 ±5.4 ka. Lisiecki and Raymo
(2005) ex am ined the d18O re cords of ma rine ben thic stacks,
with dat ing based on global gla cial ep i sodes. Stockhecke et al.
(2014) stud ied the 600 ka sed i men tary se quence of Lake Van,
and in di cated that the Lake Van de pos its matched more than
six gla cial and inter gla cial pe ri ods of the ma rine re cord. When
the for ma tion times of the Dereiçi travertines are eval u ated with
their er ror bars and com pared with the gla cial and inter gla cial
pe ri ods in the stra tig ra phy of Lisiecki and Raymo (2005), their
oc cur rence co in cides with the inter gla cial pe riod in the sec ond
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Fig. 6. Com par i son of Dereiçi trav er tine suc ces sion with ma rine core-ice
core stra tig ra phy by Lisiecki and Raymo (2005)

A – in cludes 3 gla cial-inter gla cial pe ri ods, re spec tively; B – NGRIP/GLT-syn
and d18O val ues (North Green land Ice Core Pro ject mem bers, 2004; Steffensen
et al., 2008; Svens son et al., 2008; Wolff et al., 2010; Barker et al., 2011); C –
Ma rine Iso tope Stage (MIS) (stack of 57 glob ally dis trib uted ben thic d18O re -
cords; D – si mul ta neously, the com par i son of this study with Yeºilova et al.
(2021), blue boxes in di cate palaeosol oc cur rence times, yel low boxes in di cate
the palaeosol lev els in Yeºilova et al. (2021); E – Lake Van Quercus pol len by
Litt et al. (2014)
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cy cle (Fig. 6).  The oc cur rence times of palaeosol lithofacies in
the re gion co in cide with gla cial pe ri ods, though when the er ror
bars in U/Th ages are taken into ac count, they also in clude
inter gla cial pe ri ods (Fig. 6). Con sid er ing the er ror bars, one
third of the in ter val of the 1st palaeosol (be tween
198.31 ±18–143.07 ±1.5 ka) cor re sponds to the inter gla cial pe -
riod in the sec ond cy cle (Fig. 6). Again, when eval u ated to -
gether with the er ror bars, it is seen that more than half of the
2nd palaeosol oc cur rence (be tween 96.73 ±8.34–
61.59 ±5.4 ka) co in cides with the inter gla cial pe ri ods in the first
cy cle (Fig. 6). This sit u a tion sug gests that palaeosols can form
in both gla cial and inter gla cial pe ri ods. The dates of trav er tine
and palaeosol occurences with er ror bars are in ac cor dance
(Fig. 6) with the gla cial and inter gla cial pe ri ods of the ma rine
iso tope stages (MIS) (NGRIP/GLT-syn d18O; North Green land
Ice Core Pro ject mem bers 2004; Steffensen et al., 2008;
Svens son et al., 2008; Wolff et al., 2010; Barker et al., 2011).
Sporomorphs are also use ful tools for in ter pret ing past cli mate
and veg e ta tion. In Lake Van, de tailed palynological and cli ma tic 
stud ies were made by Litt et al. (2014). The trav er tine dates
over lap with peaks of oak (Quercus) pol len from the inter gla cial
pe ri ods (Fig. 6; e.g., Litt et al., 2014). More over, by cor re lat ing
the Edremit trav er tine and tufas with the cli mate re cord,
Yeºilova et al. (2019, 2021) sug gested that these oc cur rences

were af fected by cli mate, but not con trolled by it. In the re sults
ob tained in this study, the oc cur rence times of both trav er tine
and palaeosol are more com pat i ble with cli mate in flu ence
(Fig. 6). The area where the travertines formed is 2250 m.a.s.l.
Dur ing gla cial pe ri ods, these ar eas would have been cov ered
by thick gla ciers (Akçar and Schlüchter, 2005). Dur ing gla cial
times, trav er tine oc cur rence will ter mi nate be cause per ma frost
will pre vent re charge of the aqui fer (Yeºilova et al., 2019). How -
ever, trav er tine for ma tion would con tinue anew in the tem per ate 
cli mate of inter gla cial pe ri ods (Yeºilova et al., 2019).

Tectonism. The Baºkale Ba sin, a tec toni cally ac tive area,
is lo cated on a pla teau be tween the Ara bian and Eur asian
plates, re sult ing from col li sion that took place un der a N–S
trending compressional re gime (�engör and Kidd, 1979;
�engör and YÏlmaz, 1981; Dewey et al., 1986; �aroÈlu and
YÏlmaz, 1986; YÏlmaz et al., 1987; KoçyiÈit et al., 2001; Utkucu
et al., 2017; Gülyüz et al., 2019). There are many faults with po -
ten tial to pro duce earth quakes in the Baºkale Ba sin (Emre et
al., 2012; KoçyiÈit, 2013; SaÈlam Selçuk and Düzgün, 2017).
The faults form ing the pres ent mor phol ogy are the IêÏklÏ,
Ziraniê, Erek, ÇamlÏk and IlÏcak faults, called the Baþkale Fault
Zone (SaÈlam Selçuk and Düzgün, 2017; Fig. 7). The Derei¸i
travertines are sit u ated at the in ter sec tion of the IêÏklÏ and the
IlÏcak faults (Fig. 7). 
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Fig. 7. The fault sys tems form ing the Baºkale Fault Zone and the lo ca tion 
of the Dereiçi travertines on this fault sys tem

The fig ure is re vised af ter SaÈlam Selçuk and Düzgün (2017)
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The layer type travertines were formed along the fault plane
from hy dro ther mal so lu tions car ried by the IêÏklÏ Fault to the sur -
face (Fig. 8A). As the travertines formed be tween
255.56 ±9.01–198.31 ±18 ka, it would be ap pro pri ate to es ti -
mate an age of 255 ka or ear lier for the age of the IêÏklÏ Fault. In
the time span of 57.25 ky be tween 255.56 ±9.01 ka and
198.31 ±18 ka, this fault was ac tive. A palaeosol formed in the
re gion as a re sult of ero sion and weath er ing pro cesses dur ing
the time in ter val of 198.31 ±18 to 143.07 ±1.5 ka (e.g., Kraus,

1999; Retallack, 2014; Ta bor and Meyers, 2015). Be tween
143.07 ±1.5 and 96.73 ±8.34 ka, hy dro ther mal so lu tions
emerg ing from the frac ture, along the strike of the IlÏcak Fault,
started to form the first ridge type trav er tine (Fig. 8B), at
46.34 ka. There fore, the IlÏcak Fault was ac tive around
46.34 ka. The IlÏcak Fault, which is ~143.07 ±1.5 ka or older, cut 
the older IêÏklÏ Fault, and built youn ger travertines (Figs. 7
and 8). There is a phase with out pre cip i ta tion of travertines be -
tween 143.07 ±1.5 and 96.3 ka, rep re sented by palaeosol oc -
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Fig. 8. Stages of trav er tine for ma tion

The im por tance of frac ture lo ca tion, source lo ca tion and flow di rec tion of wa ter in a trav er tine unit; A – layer type trav er tine; B, C – ridge
type trav er tine; D – ter race type trav er tine (5 shows the new est, 1 the old est wa ter out let); pic tures show ing the con di tion of ac tive and

pas sive ter races ac cord ing to wa ter out lets



cur rence due to pauses linked to tectonism or stag na tion/dis -
place ment in the spring wa ters form ing the travertines (e.g.,
Chafetz and Folk, 1984; Guo and Rid ing, 1998; Özkul et al.,
2002, 2010; Faccenna et al., 2008). SaÈlam Selçuk and
Düzgün (2017) stated that the sub-bas ins bor dered by the IëÏklÏ
and the Ziraniº faults (north ern ex ten sion of IëÏklÏ Fault) are
youn ger than the other sub-bas ins and there fore these two
faults con trol the Baºkale Ba sin. They also pointed out that fault 
planes cut by sec ond ary faults de vel oped along the east ern

slopes of the IëÏklÏ and the Ziraniº faults (Fig. 7). The ba sin still
mi grates to wards the east due to re lated faults. An other fault
par al lel to the IëÏklÏ Fault formed a sec ond ridge type trav er tine
with sec ond ary faults cut ting the IëÏklÏ Fault plane (Figs. 8C and
9A, B). Sec ond ary faults also cut the IlÏcak Fault (Fig. 9A, B).
For ma tion of the sec ond ridge type trav er tine con tin ued un til
38.21 ±12.1 ka, af ter which the wa ters leak ing from the frac -
tures that opened along the slopes of the ridge type travertines
pro duced the ter race type trav er tine (Fig. 8D). The ter race type
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Fig. 9. The IlÏcak Fault and re lated sec ond ary faults, form ing ridge type travertines (A, B); ris ing of ther mal wa ters to the sur face
along frac tures (C, D); col lapses and frac tures in travertines, and the study area (E, F).



trav er tine is the fourth and last trav er tine unit (see Fig. 2), and
still con tin ues to form (see Figs. 3G and 9A, B). The ter race
type travertines young from NW to SE. While the first ter races
are sit u ated on the north west ern side of the travertines, other
youn ger travertines are lo cated on the south east ern side (see
Figs. 3H and 8D). 

Vol ca nism and magmatism. The old est known vol ca nism
in the East ern Ana to lian pla teau com menced ~15 Ma (Lebedev 
et al., 2010) and con tin ued un til the year 1441 (Özdemir et al.,
2006). The last oce anic litho sphere in the re gion was com -
pletely lost ~20 mil lion years ago (Okay et al., 2010), and col li -
sion hap pened be tween 25 and 30 Ma (Oyan 2018a; Açlan and
Altun 2018). The thin lithospheric man tle and the 38–45
km-thick crust (Zor et al., 2003; An gus et al., 2006; Özacar et
al., 2008; Kind et al., 2015) led to the de vel op ment of mag matic
ac tiv ity in the asthenospheric and lithospheric man tle (Keskin,

2003; Özdemir and Güleç, 2014; Oyan et al., 2016, 2017;
Oyan, 2018b). Con se quently, the hot man tle rose and melt ing
con tin ued through out the Qua ter nary (Oyan et al., 2016, 2017;
Oyan, 2018b). These events are the main rea sons for the
warm ing of ground wa ter and ther mal ac tiv ity (Yeºilova et al.,
2021a). More over, CO2 gas was re leased with vol ca nism at the
end of gla cial pe ri ods and led to car bon ate dis so lu tion in hy dro -
ther mal flu ids (D’Alessandro et al., 2007; Huybers and
Langmuir, 2009; Guido et al., 2010; Capezuoli et al., 2014).
Hence, vol ca nism and magmatism in the re gion may be ef fec -
tive in warm ing the wa ters from which the travertines form.
Geo ther mal gra di ents can also help warm these wa ters. Nev er -
the less, the in flu ence of magmatism should be tested
geochemically.

Wa ter re sources and geo mor phol ogy. The geo mor phol -
ogy and the source area are crit i cal to the Dereiçi travertines
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Fig. 10. Tem po ral rep re sen ta tion of trav er tine de vel op ment

https://gq.pgi.gov.pl/article/view/28590


16 Çetin Yeêilova / Geo log i cal Quar terly, 2022, 66: 27

Fig. 11. Stages of growth of trav er tine around the Dereiçi area



(Chafetz and Folk, 1984; Pen te cost, 1995; Guo and Rid ing,
1998; Özkul et al., 2002, 2010; Faccenna et al., 2008). Wa ters
is su ing from the frac ture sys tem, which de vel oped per pen dic u -
lar to the dip of the slope, flowed down the slope, and sourced
the ter race type travertines (Figs. 8A and 10A).  In the faults de -
vel oped par al lel to the dip of the slope, ridge type travertines
were gen er ated from wa ter flow ing from both sides of the fault
(Figs. 8B, C and 10B, C). The ter race type trav er tine was
formed by the hy dro ther mal wa ters flow ing out at the in ter sec -
tion of two slopes with mu tu ally per pen dic u lar dips (Figs. 8D
and 10D). Dur ing pauses at the source out let, trav er tine for ma -
tion ended and palaeosol de vel oped (e.g., Chafetz and Folk,
1984; Guo and Rid ing, 1998; Özkul et al., 2002, 2010; Faccen -
na et al., 2008). The two palaeosol lev els in di cate the source
out let. The lo ca tion of the re cent post-palaeosol travertines in di -
cates that the source exit points that con trolled the travertines
changed, as shown by the source change in ter race type
travertines. These dis place ments in the source area are
thought to re sult from tectonism and dense car bon ate de pos -
ited from the spring wa ter block ing the source out let.

Growth stage of trav er tine. The growth rate of travertines
is con trolled by many fac tors such as cli mate, tectonism, wa ter
chem is try, geo mor phol ogy, veg e ta tion, and bi otic-abiotic
mech a nisms (Gradziñski, 2010; Capezzuoli et al., 2014). The
av er age growth speed of travertines has been de ter mined as
20 cm/ka–1 (Pen te cost, 2005). There are four dif fer ent stages
for de vel op ment for the travertines in the area (Fig. 11). The first 
stage is the layer type trav er tine (Fig. 11), which formed in the
time in ter val 255.56 ±9.01–198.31 ±18 ka, with a growth rate of
1.81cm/ka–1 (with the er ror bars, the low est rate is 0.96 cm/ka–1, 
and the high est is 2.66 cm/ka–1). The sec ond stage is the ridge
type trav er tine (Fig. 11), which formed be tween 143.07 ±1.5
and 96.73 ±8.34 ka and had a growth rate of 1.915 cm/ka–1 (with 
er ror bars, 1,51 to 2.32 cm/ka–1). The third stage is the ridge
type trav er tine (Fig. 11), which formed be tween
61.59 ±5.4–38.21 ±12.1 ka and had a growth rate of 1.275
cm/ka–1 (er ror bars, the 0.31 to 2.24 cm/ka–1). The fourth stage
is the ter race type trav er tine with a growth rate of 1.625 cm/ka–1, 
which formed from 38.21 ±12.1 ka to the pres ent (Fig. 11; with
er ror bars, 1.11 to 2.14 cm/ka–1). The first ridge type trav er tine
had the high est growth rate, whereas the sec ond ridge type
trav er tine had the low est growth rate (Fig. 11). How ever, the av -
er age growth rate of al most all the travertines was 1 cm/ka-1 or
more, though these val ues are far be low the val ues sug gested
by pre vi ous stud ies (Pen te cost, 2005). Pos si ble rea sons for the
low val ues are: (i) open er ror bars, and (ii) the pres ence of

palaeosols on the trav er tine suc ces sions show ing ero sion, and
con di tions at the source (wa ter flow rate, cal cium con tent). Con -
sid er ing that the larg est of the three ac tive springs cur rently
form ing travertines has a flow rate of 400 ml/s, the amount of
wa ter emerg ing from the spring is ex tremely low now a days.
How ever, the low amount of cal cium in the source may also be
a rea son. Yeºilova et al. (2021) sug gested that trav er tine
growth ve loc i ties in the Edremit area (east ern Türkiye) were be -
tween 0.007 and 0.06 cm/ka–1. The growth rates of the Dereiçi
travertines are con sid er ably higher than those of the Edremit
travertines and tufas. There are long karst gaps in front of the
slopes. As a re sult of these gaps, col lapses oc curred in the up -
per trav er tine de pos its. The low growth ve loc i ties of trav er tine
may there fore be linked to un iden ti fied gaps (Fig. 10E, F; e.g.,
Gradziñski et al., 2018).

The pro cesses that af fect the Derei¸i travertines are cli -
mate, tectonism, vol ca nism and magmatism. How ever, while
the de vel op ment of Derei¸i travertines is di rectly re lated to cli -
mate and tectonism, vol ca nism and magmatism are sec ond ary
pro cesses as re gards the Dereiçi travertines. The flow di rec tion
of the source and the geo mor phol ogy also shaped the mor phol -
ogy of the Dereiçi travertines.

CONCLUSIONS

Three fac tors were ef fec tive in form ing the Dereiçi
travertines. Cli mate and tectonism are the prin ci pal fac tors that
con trolled their de vel op ment, while the geo mor phol ogy is re -
spon si ble for their mor pho log i cal di ver sity.

The times of de po si tion of the travertines re flected the fault
his tory, the IêÏklÏ Fault be ing ac tive at 255.56 ±9.01 ka and ear -
lier, and the IlÏcak Fault be ing ac tive at 143.07 ±1.5 ka and ear -
lier. How ever, the age of sec ond ary faults de vel op ing on the
fault slopes of the IêÏklÏ Fault is 61.59 ±5.4 ka and ear lier. Us ing
this ap proach to con strain ing the tim ing of ac tiv ity on the IêÏklÏ
Fault, which played an ac tive role in de vel op ing the area, and
the sec ond ary faults de vel op ing on the fault plane, helps elu ci -
date the tec tonic evo lu tion of the area.
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