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Abstract: Giirlevik tufa, located in the southeast of the Erzincan (East Anatolia) pull-apart basin, represents a
typical cascade/waterfall deposit developed in a fluvial environment. Calcareous tufa formed at three different levels.
However, the facies properties and depositional system of the Giirlevik tufa formation remain unknown. This study
aims to investigate the evolution of the tufa deposits and to clarify their facies changes in this tectonically active
basin. For this purpose, seven measured sedimentary logs were obtained from field studies, and the lithofacies were
described and interpreted based on their morphological properties, microscopic and biological contents. According to
facies analysis, six lithofacies were identified and two depositional systems (perched springline/cascade and barrage-
dammed) were determined. The monumental cascade/waterfall tufa accumulation is a consequence active tectonic
and climatic factors in the region. Giirlevik tufa deposits are located in a protected natural site. This preliminary
study draws attention to the geological importance of these sedimentary rocks, which record climate changes with
high precision, as well as their geological heritage potential, that should be preserved and transferred to future
generations.

Keywords: Depositional system, East Anatolia, Erzincan, Giirlevik fluvial tufa, lithofacies.

Oz: Erzincan (Dogu Anadolu) cek-ayir havzasimn giineydogusunda yer alan Giirlevik tufalari, akarsu ortaminda
gelismig karakteristik bir selale tipi depolanma iiriiniidiir. Tufalar, ti¢ farkli seviyede basamaklar seklinde olugmustur.
Ancak, Giirlevik tufa ¢okellerinin fasiyes ozellikleri ve depolanma sistemi tam olarak bilinememektedir. Bu ¢calisma,
tektonik olarak aktif olan bu havzada tufa ¢okellerinin gelisimini arastirmayi ve fasiyes degisimlerini aydinlatmayi
amaglamaktadir. Bu amagla, arazi ¢calismalart kapsaminda yedi adet 6l¢iilii stratigrafik kesit alinmis ve bu 6l¢iilii
stratigrafik kesitlerden litofasiyesler morfolojik ozellikleri, mikroskobik ve biyolojik icerikleri temel alinarak
tanmimlanmis ve yorumlanmistir. Fasiyes analizlerine gore, alti litofasiyes tanimlanmig ve iki ¢ékelme sistemi (tiinek
tipi/selale ve baraj-set) belirlenmistir. Anitsal bir gériiniim sunan bu selale tufa birikimi, bélgedeki aktif tektonizma
(diri faylar) ve iklimsel faktorlerin bir sonucudur. Giirlevik tufalari, dogal sit alant olup koruma altina alinmigtir:
Gergeklestirilen bu on ¢alisma iklim degisikliklerini yiiksek hassasiyette kayit altina alan bu sedimanter kayaglarin
Jjeolojik éneminin yani sira korunarak gelecek kusaklara aktarilmast hususundaki jeolojik miras potansiyeline de
dikkat ¢cekmektedir.

Anahtar Kelimeler: Depolanma sistemi, Dogu Anadolu, Erzincan, Giirlevik akarsu tufalari, litofasiyes.
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Introduction

Calcareous tufa, or tufa, are terrestrial carbonate
deposits deposited by calcium bicarbonate-rich,
ambient temperature waters with low depositional
rates, soft, porous calcareous rock and abundant
mosses forming in springs, waterfalls and lakes
in limestone areas (Pentecost, 1981; Ford and
Pedley, 1996; Capezzuoli et al., 2014). The
development of tufa is strongly related to the
location of deposition, underlying topography,
abundance of flora, colonisation by blue-green
algae (cyanobacteria) and water flow regime
(Villes and Gaudie, 1990). These rocks are
sensitive to climatic changes and commonly form
in semi-arid to temperate climate conditions from
saturated waters because of degassing carbon
dioxide (Pentecost, 1981) and microbial activity
(Arenas-Abad et al., 2010; Capezzuoli et al.,
2014). Many calcareous tufa deposits are found in
karstic topography (Ford and Pedley, 1996; Ozkul
et al., 2010).

The present study focuses on tufa formation
in a cascade at the southeast margin of the pull-
apart Erzincan Basin, in eastern Anatolia. This
tectonically active area is home to a monumentally
impressive tufa waterfall/cascade formation.
Furthermore, this tufa formation, known as
Giirlevik or Caglayan (“waterfall” in Turkish)
tufa, is well-exposed and exhibits both vertical
and lateral facies distribution. Giirlevik Waterfall
is an important geosite due to being one of the
tallest waterfalls in Tiirkiye and the presence of
significant tufa terraces. Moreover, active tufa
occurrences continue to exhibit ongoing growth
(aggradation and progradation) in the investigated
area. Giirlevik tufa has unfortunately not received
much attention to date, except for a few studies
published in recent years (Uysal, 2024; Uysal
and Sunkar, 2024). Uysal and Sunkar (2024)
mentioned Giirlevik waterfall and its value in detail
although they identified these terrestrial carbonate
deposits as “travertine” instead of “tufa”. We
present preliminary data and observations about
Giirlevik fluvial tufa cascades in terms of their
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facies properties and distribution. This present
work also aimed to clarify the debate about the
terminological definition of terrestrial carbonate
sediments, which has caused confusion. Moreover,
we propose initiatives for Giirlevik calcareous tufa
cascades and other key point natural resources in
this region aimed at guiding further research about
the geoheritage potential and geotourism in this
region.

GEOLOGICAL SETTING

The Erzincan Basin is the largest sedimentary
basin and is a strike-slip basin which formed along
the North Anatolian Fault Zone (NAFZ) (Aktimur
et al., 1995; Aydin et al., 2019; Figure la). The
Erzincan Basin (N 39°36° 20”; E39°41°45”), in
which the study area is located, developed near the
boundary of the suture between the Pontides and
Anatolides (Okay and Tiiysiiz, 1999). It is a region
with active tectonic activity from past to present
due to the influence of two important fault systems,
the North Anatolian Fault Zone (NAFZ) and the
East Anatolian Fault Zone (EAF), and therefore
has geologically complex features (Bozkurt, 2001;
Akpnar et al., 2016) (Figure 1b). Tectonic models
proposed to explain the basin range from simple
rhomboidal pull-apart to complex multi-phase
evolution. The elevation of basin is 1218 m and
length of basin is up to 40 km.

The Erzincan basin has different lithologic
and stratigraphic characteristics. The basement
of the study area consists of Palaecozoic rocks,
which are overlain by the relatively thick Triassic-
Cretaceous Munzur limestone composed of neritic
limestones, conglomerate, sandstone-shale, and
melange (Tiysiiz, 1992; Gedik, 2008; Figure 1c).
This unit is tectonically overlain by a Cretaceous
ophiolitic complex. Ophiolites are represented
by serpentinite, serpentinised peridotite, and
rarely mafic rocks (Kogyigit, 1990; Tiiysiiz,
1990; Aktimur et al., 1995; Gedik 2008). These
units are unconformably overlain by Palacogene-
Neogene clastic and carbonaceous deposits of the
Giilandere formation (Gedik, 2008).
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Figure 1. a) Satellite image of East Anatolia and the pull-apart Erzincan Basin. The yellow rectangle indicates the
study area and Giirlevik tufa; b) Tectonic structures of the Erzincan Basin and surrounding area (simplified from
Barka and Giilen, 1989; Kaypak and Eyidogan, 2005, Tatar et al., 2013; Aydin et al., 2019); ¢) Geological units of
Girlevik and surroundings (modified from Emre et al., 2012; Akpinar, et al., 2016; Aydin et al., 2019). HF: Heltepe
Fault, NAFZ: North Anatolian Fault Zone, NEAFZ: North East Anatolian Fault Zone, OF: Ovacik Fault, PF: Piiliimiir
Fault.

Sekil 1. a) Dogu Anadolu ve Erzincan ¢ek-ayir Havzasi'min uydu gériintiisii. Sart dikdortgen arastirma alanin,
Giirlevik tufalarint géstermektedir; b) Erzincan Havzasi ve ¢evresindeki tektonik yapilar (Barka ve Giilen, 1989;
Kaypak ve Eyidogan, 2005, Tatar vd., 2013, Aydin vd., 2019 dan basitlestirilmistir). c¢) Giirlevik ve ¢evresindeki
Jjeolojik birimler (Emre vd., 2012; Akpinar, vd. 2016; Aydin vd., 2019 'dan degistirilmistir). HF: Heltepe Fayi, NAFZ:
Kuzey Anadolu Fay Zonu, NEAFZ: Kuzey Dogu Anadolu Fay Zonu, OF: Ovacik Fayi, PF: Piiliimiir Fay.

The youngest rock units in the study area thickness of up to 45 m. All the formations are
are represented by volcanics composed of dacite, unconformably covered by alluvium of Quaternary
andesite, rhyolite, basalts and pyroclastics, and age (Figure 1c). Coarse—grained alluvial fans are
fluvial sediments characterised by calcareous tufa observed along the northern and southern borders
and clastics within the Erzincan basin (Figure 1c¢). of the Erzincan Basin.

The Giirlevik calcareous tufa deposits
are porous terrestrial carbonates formed along

: . . . MATERIALS and METHODS

river channels by interactions between ambient

precipitation of calcium carbonate (CaCO,) and The research was performed during autumn
organisms along Kalecik stream valley. Giirlevik 2024 through field work and suitable sample
tufa formed as a cascade tufa deposit with a selection. The fieldwork included sedimentary
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logging (lithofacies description and interpretation,
sedimentary structures), sampling for petrographic
analysis (thin section) and also photographing the
study area with a drone (Figure 2).
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Figure 2. Geological units of Giirlevik and
surroundings (modified from Akpinar et al., 2016).
SK: Measured sedimentary log

Sekil 2. Giirlevik ve c¢evresinin jeolojik birimleri
(Akpinar vd., 2016’°dan degistirilmistir). SK: Olgiilii
sedimanter kesit.

Girlevik tufa outcrops formed in three
different steps depending on different levels of
spring water. For that reason, these tufa deposits
were investigated separately as east and west sites.
In total, seven measured sedimentary logs were
taken, all facies were described and interpreted
based on their morphological properties, and
some characteristic structures such as presence of
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stromatolites, bryophytes, vertical stems etc. were
noted. Identification of lithofacies was based on
the descriptions of terrestrial carbonates by Ford
and Pedley (1996) and Arenas-Abad et al. (2010).
Tufa samples were collected for thin sections
and prepared at Istanbul University-Cerrahpasa,
Geological  Engineering  Department  and
Pamukkale University, Geological Engineering
Department, Denizli. In order to conduct the
analyses, a polarised light microscope was used.
Carbonate textural characteristics were determined
according to the Dunham (1962) classification.
Moreover, Folk’s classification was used for the
classification of carbonate rocks (Folk, 1959,
1962).

RESULTS
Giirlevik Tufa Facies

The Giirlevik tufa deposits consist of active and
fossil precipitation due to changes in the direction
of water flow from the Quaternary to the present.
The tufa cascades have variable thickness, ranging
from 5 to 22 m (Figure 3a, c). Approximately
twenty metres above the present-day spring
orifice, perched carbonate tufa cascade deposits
formed at the southeastern margin part of the
Erzincan Basin representing a perched springline
tufa (Pedley, 1990; Pedley et al., 2003) or cascade/
waterfall (Arenas-Abad et al., 2010). According
to field work and detailed sedimentological
observations, six different tufa and accompanying
clastic facies were described and interpreted from
the perched springline/fluvial cascade model
(Figure 4). These facies are named in six different
groups as follows; (1) moss tufa facies (Lmo); (2)
stromatolitic tufa facies (Lst); (3) phytoclastic tufa
facies (Lph); (4) tufa speleothem (Lsp); (5) extra-
formational conglomerate facies (Lec); and (6)
silt-clay clastics (Lsc).
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Figure 3. Field views of the Giirlevik tufa deposit. a, ¢) Monumental multi-step waterfall and fossil and active tufa
precipitations; b) closer view of vertical plant stems coated by calcium carbonate; d) tufa speleothem (Lsp) located
at the entrance of the cave; e) chaotic phytoclast facies (Lph) and fine grained clastics (silt and clay, Lsc) below; f)
tufa channel for water flow in fluvial system.

Sekil 3. Giirlevik tufa ¢okellerinin arazi goriiniimleri. a, c) Anitsal ¢ok basamakli selale ve fosil ve aktif tufa
olusumlari; b) kalsiyum karbonatla kapli dikey bitki govdelerinin daha yakindan goriiniimii; d) magaranin girisinde
bulunan tufa speleotemi (Lsp), e) kaotik fitoklast fasiyesi (Lph) ve altinda ince taneli kirintilar (silt ve kil, Lsc); f)
akarsu sisteminde akan suyun olusturdugu tufa kanall.
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Figure 4. Measured sedimentary logs of Giirlevik tufa deposits with facies descriptions and depositional systems (for locations of measured sections see

Figure 2).

Sekil 4. Giirlevik tufa ¢okellerinin 6l¢iilii sedimanter kesitleri, fasiyes tanimlart ve ¢okelme sistemleri (0lgiilii kesitlerin yerleri i¢in Sekil 2 'ye bakiniz).
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Figure 5. Some of the facies identified in the fossil Giirlevik tufas. a) Image of the progradation of tufa deposits from
inner to outer areas, bryophytic layers are observed significantly; b) closer view of the cluster of bryophytes; c)
appearance of the fossil barrage/dam tufa deposits in the field; d) close-up view of “c”, undulated stromatolitic (Lst)
structures and phytoclasts (Lph); e) undulated fine laminated crystalline crust on the inner wall of the small cavity;
f) cauliflower-shaped knobs where globular crusts developed within a small cave below a tufa barrage rim; g) well-
rounded extra-clast deposits at the bottom of the tufa formation; h) overturned fractured stromatolite tufa formation;
i) silty-clay clastic (Lsc) layer between phytoclastic tufas (Lph); j) carbonate curtain of the tufa cascade face; and k)
micritic laminae crust on the speleothem tufa (j and k photos are taken from SK-3 Kirklar shrine section).

Sekil 5. Giirlevik fosil tufalarimin tammlanmis bazi fasiyesleri. a) tufa ¢okellerinin icten disa dogru ilerlemesinin
goriintiisii. Briyofitik seviyeler belirgin bir sekilde gozlenmektedir; b) bryofit kiimesinin daha yakin gériiniimii; c)
fosil baraj/set tufa ¢okellerinin arazideki goriiniimii; d) “c”, dalgali stromatolitik (Lst) yapilar ve fitoklastlarin (Lph)
yakindan gériiniimii; e) kiigiik magara ici duvarindaki dalgal ince laminali kristalin kabuk; f) tufa set kenarinin
altindaki kii¢iik bir magarada kiiresel kabuklarmn gelistigi karnabahar bi¢imli yumrular, g) tufa olusumunun
tabanindaki iyi yuvarlaklagmis havza disindan tasiman konglomera; h) devrilmis par¢alanmis stromatolit tufa
blogu; i) fitoklastik tufalar (Lph) arasindaki siltli-kil kirintili (Lsc) seviye; j) tufa selale yiizeyinde gelisen karbonat
perdesi; k) tufa speleotemlerin dis ¢ceperindeki mikritik laminali krsital kabuk (j ve k, SK-3 Kirklar tiirbesi kesitinden

alimmigtir).
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Moss Tufa Facies (Lmo)

Description: This facies is a common lithofacies in
the investigated fluvial tufa deposits and is mainly
composed of macrophtyes, coated vertical stems,
twigs, bryophytes, and unidentifiable bushes
(Figure 5a, b). The mold tubes of stems are filled
with calcite spar and their orientation is parallel to
other stems with horizontal/subhorizontal features
(Figure 3b). The coated stems grow downward in
situ. The thickness of this facies ranges from cm
to a couple of metres. The geometry of this facies
is lenticular and tabular in shape (Table 1). This
facies consists of phytoherm framestone and is
generally associated with phytoclastic tufa (Lph)
and stromatolitic tufa (Lst). Bryophyte build-ups
that consist of stacked layers centimetres thick are
observed in progradation of tufa rims (boundstone
of bryophytes; Figure 5a). Detrital clastics (Lsc)
are also observed together in the depositional
system.

The moss facies can be
observed in almost all tufa occurrences and mostly
represents fluvial and palustrine environments
(Arenas et al., 2000; Arenas-Abad et al., 2010;
Toker, 2017). In this case, Giirlevik moss tufa facies

Interpretation:

represents fluvial setting such as barrage-dammed
and cascade/perched springline environments. The
coated mosses which formed from perpendicular
to oblique reflect current direction in some cases.
These mosses were precipitated closer to the
spring on the down slope.

Stromatolitic Tufa Facies (Lst)

Description: This facies consists of stromatolite-
like, domal, parallel lamination bodies with
slightly upward convex tops (from 1 c¢cm to 1.5
m thick). Stromatolitic bodies are generally
formed by lighter and darker micritic laminae.
Stromatolites have various orientations and in
some cases, they are slightly undulating (Figure
5d). This facies consists of phytoherm boundstone

212

Yakup CELIK, Ezher TAGLIASACCHI

and is associated with phytoclastic tufa (Lph) and
moss tufa (Lmo) facies (Table 1).

Interpretation: Stromatolites are the most
common facies observed in calcareous tufa
deposits. Tufa stromatolites might occur biotically
(by cyanobacteria and algae) and abiotically
(carbonate mineral nucleation) or both (Pentecost
and Whitton, 2000; Shiraishi et al., 2008;
Pedley, 2009; Gradzifiski, 2010; Toker, 2017).
Stromatolites can formed in both stagnant and
fast-flowing water conditions (Gradzifiski et al.,
2013). In this case, stromatolites in cascade and
slope areas indicate a fast-flowing aqueous setting.

Phytoclastic Tufa Facies (Lph)

Description: This facies is composed of branch
fragments and clasts consisting of phytoherms
(Figure 3e). The geometry of phytoclastic tufa is
tabular and lenticular, thickness is up to several
metres and phytoclasts are encrusted by carbonate
coatings. This facies consists of phytoherm
framestone and is mostly associated with
stromatolitic tufa (Lst) and extra-formational clast
(Lec) (Table 1).

Interpretation: The phytoclastic tufa facies
represents shallow braided rivers and barrage
systems after a high energy event and it constitutes
barrage/waterfall deposits (Arenas-Abad et al.,
2010).

Tufa Speleothem (Lsp)

Description: Speleothem facies includes stalactite
and stalagmite occurrences developing in caverns
and caves (Arenas-Abad et al., 2010). Stalagmites
are observed with concentric laminated crust
(Figure 3d). The thickness of laminae reaches
up to 2 millimetres, with micrite and spar calcite
cement. The facies is characterised by alternating
dark and light laminae and consists of phytoherm
boundstone. The calcite-coated vertical stems are
lithotypes commonly associated with the facies
(Table 1).
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Table 1: Principal facies of Giirlevik tufa deposits and associated carbonate systems.

Cizelge 1. Giirlevik tufa ¢okellerinin baslica fasiyes ozellikleri ve iliskili karbonat sistemleri.

Facies Type Geometry of tufa Sedimentary Biological contents Associated Sedimentary Processes
deposits structures facies
Moss tufa facies Medium flowing, barrage-
(Lmo): Unlaminated dammed system and cascade
Tabular, lenticular . Subaquatic plants, Phytoclastic tufa perched springline,
Macrophytes Moss vertical stems reeds (Lph)
. aligned parallel to the p Vertical direction stems under
. Asymmetrical mounds Lo .
Coated vertical . direction of water flow  Perpendicular stems o turbulent water
and thickness up to Stromatolitic
stems couple of metres tufa (Lst)
P Stacked parallel Thin stalks of mosses Waterfalls as dominant system
Bryophyte builds- laminae in braided fluvial environment,
up barrage and cascades

Stromatolitic tufa

facies (Lst)

Dense, domal laminae,
crystalline crust, gentle
stepped, hemidomic
deposits, dm to cm
thickness

Horizontal and

undulating laminations
Micritic laminae

Bryophytes and coated

vertical stems

Phytoclastic tufa
(Lph)

Fast flowing water, slope zones
and cascades

Phytoclastic tufa

Tabular and lenticular,

thickness is up to several

Not organised, no

Fragments of stems

Coated vertical

Slow-flowing barrage dammed

facies (Lph) stratification stems areas
metres
. . . Caves and small cavities
h . 1 . .
Tufa Speleothem . Cay ities Wl.t Coated vertical Stromatolitic associated with cascades
Variable shape stalactites, laminated . tufa (Lst) .
(Lsp) hanging stems and perched spring line, fast

crystalline crust

flowing, turbulent water

Extra-formational

tufa facies (Lec)

Lenticular, channel-
shaped

Dominantly
clast supported,
structureless

Allochthonous benthic

fossil fragments

Phytoclastic tufa
(Lph)

Fast flowing fluvial system with

clastic inputs

high-energy events could be
associated with incision periods
of the fluvial systems

Silt-clay clastics
(Lsc)

Tabular cm to m
thickness

Massive, structureless

Snail shells

Phytoclastic tufa
(Lph)

Fine grained siliciclastic in
channelised fluvial system
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Interpretation: Speleothems developed in unlit
and poorly lit cavities and inter-particle sites, from
ambient temperature waters dripping from cavity
walls and seepage through tufa (Ford and Pedley,
1996). The stalactites and laminar crystalline crusts
form in a cave setting with abiogenic precipitation
from thin films of supersaturated water (Figures
3d, 5e). Tufa speleothems can be observed at the
base of the active tufa cascade and entrance of the
cave. Caves and small cavities are associated with
cascades and perched springline and fast flowing,
turbulent water (Arenas-Abad et al., 2010).

Extra-formational Conglomerate Facies (Lec)

Description: Extra-formational clasts consist of
conglomerates and sand size clastics. Dark greenish
grey, greyish blue, beige coloured, rounded to well-
rounded polymictic conglomerates are mostly
derived from limestone, dolomitic limestone and
ophiolitic pebbles (Figure 5g). The maximum
pebble size is up to 15 cm, and the conglomerates
are clast-supported with sandy matrix and
cemented by carbonate. The clasts are poorly
sorted and are observed at the base of the tufa
formation (Figure 4; SK-2). The conglomeratic
clasts mainly consist of fossils of Nummulites
sp., Discocyclina sp., algae and undefined benthic
foraminifers (Figure 6h-k). Pebble-cobble clasts
probably derived from the Eocene Giilandere
formation. This facies is mostly associated with
phytoclastic tufa (Lph) (Table 1).

Interpretation:  Extra-formational  clasts
are interpreted as products of weathering and
erosion of the basement, including carbonate
rocks, ophiolites and metavolcanics from the
surrounding area. These poorly sorted and well-
rounded pebbles were deposited in channelised
fluvial settings (Arenas-Abad et al., 2010). Clasts
found in the tufa formation are intercalated,
derived from basement rock (Munzur limestone)
and transported by streams. The clasts were
transported along a braided fluvial system into the

tufa formation with moderate to high clastic input.
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Silt-clay clastics (Lsc)

Description: The facies mainly consists of finer
grained sediments (silt, marl) and occurs between
phytoclastic tufa deposits (Figures 3e and 5i).
This facies has beige and whitish grey coloured
clay and silt with tufa fragments. The massive silt-
clay bed has a thickness of about 20 cm (Figure
4). These finer sediments include land snail shells
in some places.

Interpretation: The presence of these finer
sediments is strongly related to low energy.
In some tufa fluvial systems, fine siliciclastic
sedimentation representing floodplain conditions
may be preserved at the top of channel deposits
(Arenas-Abad et al., 2010).

Petrographic Results

Microscopic examinations were carried out on
selected tufa samples representing tufa lithofacies
from field observations. According to textural
classification of carbonates, the tufa microfacies
consists of micrite with less than 10% grains and
represents mudstone character (Figure 6a-b).
Phytoherm boundstone is observed to be whitish
and dark, with planar or wavy laminated, and
dense structure (Figure 6d-f), while phytoherm
framestone is characterised by stems, trunk and
branches of plants (Figure 6h-1). Moreover, distinct
microstructures such as porous, filamentous algae,
planar/wavy laminations and mosses were also
detected.

Porous textures are generally observed in
almost all tufa deposits and different types of
porosity can assist in understanding the structure
of tufa formation (Arenas-Abad et al., 2010). The
intergranular, framework, moldic, dissolution and
fenestral voids are some porosity types (Arenas-
Abad et al.,, 2010). The moldic and fenestral
pores are common porous types in the Giirlevik
tufa deposits in the moss tufa facies derived from
barrage-dammed and cascade flows.
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Fenestral ';_)or

SEPTNT .
datk dense filamentous -
la.rmna’e # fenestral
- pores

micritic cement

“st

y \4 mouldie stem

Figure 6. Images of thin sections collected from the Giirlevik fossil tufa and associated facies. a-b) Photomicrographs
showing micritic phytoherm boundstone (dark areas denote fenestral porosity; under crossed nicols); ¢) fan-shaped
crystals alternating with dense planar and wavy laminae in the stromatolitic tufa facies (sample no; SK-1/4) obtained
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from the east part of the first tufa terrace (under plane polarised light); d, e) stromatolitic fabric which comprises
alternating thin laminae composed of thrombolitic and massive micrite (obtained from SK-3/1 Kirklar Shrine wall)
(under plane polarised light); f) dense and loose filamentous laminae with micrite and sparry calcite fillings formed
in fast flowing conditions (under crossed nicols); g) large minerals with broken undulated calcite crystal laminae
from SK-3/1 Kirklar shrine section (under crossed nicols); h-i) transversal cut of a plant stem (st; blue circle line)
filled by micritic cement and moldic pores visible in the coated stem (st; blue longitudinal line) (under plane polarised
light); j-n) microscope images of conglomerate clasts (section SK-2/2) derived from fossiliferous shallow marine
Eocene limestone: j-l) transported benthic fossil fragments with sparry calcite in allochthonous limestone (m)
(unsorted biosparite; under plane polarised light); n) sand-sized quartz grains in clastic limestone with carbonate
mud (under crossed nicols).

Sekil 6. Giirlevik fosil tufalarindan ve iliskili fasiyeslerden toplanan ince kesit goriintiileri. a-b) Mikritik fitoherm
baglamtasi gésteren mikroskop goriintiisii (koyu alanlar fenestral gézenekliligi gostermektedir; ¢ift nikol); ¢) Birinci
tufa terasimin dogu kismindan elde edilen stromatolitik tuf fasiyesindeki yogun diizlemsel ve dalgali laminalarla
doniistimlii yelpaze bi¢imli kristaller (numune no; SK-1/4) (tek nikol); d, e) Trombolitik ve masif mikritik camurdan
olusan ardalanmali ince laminalanmali stromatolitik doku (SK-3/1 Kirklar Tiirbesi’'nden) (tek nikol), f) Hizli akig
kosullarinda olusan mikrit ve spari kalsit dolgulu yogun ve gevsek filamentli laminalar (¢ift nikol); g) SK-3/1
Kirklar Tiirbesi kesitinden alinan kirilmis kristalin kabuk parcasi iceren biiyiik kalsit mineralleri (¢ift nikol); h-i)
Mikritik ¢imento ile doldurulmus bir bitki sapinin enine kesiti (st; mavi daire ¢izgisi) ve kaplanmig govdedeki kalip
seklindeki gozenekler (st; mavi uzunlamasina ¢izgi) (tek nikol); j-n) Fosil iceren sig denizel Eosen kirectasindan
tiiremis konglomeratik ¢akillarin (SK-2/2) mikroskop gériintiileri:(j-) allokton kirectasinda spari kalsitli taginmug
bentik fosil par¢alari; (m) (boylanmamus biyosparit; tek nikol); n) karbonat ¢camurlu kirintili kiregtasinda kum
biiyiikliigiinde kuvars taneleri (¢ift nikol).

Filamentous algae structures are mainly found Moreover, extra-formational clasts were
in stromatolites, as mats in mosses and coating collected from the SK-2 sedimentary log (Figure
stems (Arenas-Abad et al., 2010). Petrographic 4) for petrographic investigations. In thin section
examinations of collected tufa samples show studies, these pebble-cobble clasts clearly have
that filamentous laminae were present in SK-3 grainstone features. The rock is grain-supported
cascade tufa deposits (Figure 6f). These structures with spar cement (Dunham, 1962). The grains
represent fast flowing conditions. are bioclasts, mainly benthic fossil fragments

(Nummulites sp., Discocyclina sp., algae and
undefined benthic foraminifers). According to
carbonate textural classification, extra-formational

Planar andwavy laminations are characteristic
structures in the stromatolite tufa facies and are

commonly observed microfacies in the Giirlevik clasts transported into tufa deposit consist of
tufa formation (Figure 6d-e). The stromatolitic  pjosparite microfacies (Folk, 1959, 1962) (Figure
laminations are entirely composed of micritic 6j-1). These sediments were transported by
to sparry calcite and no detrital grains. Internal streams into the tufa depositional environment
structures comprise thick and continuous wavy to from the basement rock (Giilandere Formation)
planar laminae (Figure 6¢-e). where Nummulites and other benthic fossils are

Mosses are the most abundant deposits in abundant in shallow marine sediments.

fluvial tufa systems (Arenas-Abad et al., 2010).

The moss layers with irregular porosity can be DISCUSSION
clearly observed and are mostly covered with
micritic cement (Figure 6a-b). Mosses formed in Depositional System of Giirlevik Tufa

the Giirlevik fluvial cascade and barrage-dammed Giirlevik tufa are characterised by both active and

tufa system. fossil tufa deposits based on direction changes of
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the water flow. Tufa deposits are actively forming
throughout the entire stream, including barrage
and cascade settings in fluvial environments.
Girlevik tufa precipitation consists of two main
depositional systems. These are the; (1) perched
springline/cascade tufa system, and (2) barrage-
dammed tufa system. These depositional systems
are described briefly below.

Perched springline/cascade tufa system

This depositional system formed both aggradation
and progradation growths (Arenas-Abad et al.,
2010). The Giirlevik tufa deposits typically
correspond to the ‘perched springline system’
identified by Pedley (1990), the ‘slope system’
named by Violante et al. (1994), the ‘fluvial with

waterfalls/barrage-cascade’ system defined as
vertical sequences of facies by Arenas-Abad et al.
(2010), and the ‘high-gradient and stepped fluvial
conditions’ termed as sedimentary facies model by
Arenas-Abad et al. (2010)

The Giirlevik perched springline tufa site
comprises lobe-top terrace and waterfall/cascade
areas (Figure 7). The lobe-top terrace zone is a
cultivated area which used by local people. The
waterfall/cascade area is located at the upper part
of the tufa system and waterfall, emerging from
Kalecik karst spring and flowing down from a

height of 53 m. The waterfall is composed of three
tufa terraces and these three different levels of tufa
terraces continued to develop until the distal part
of the creek (Figure 8).

@Fossil tufa cascade (high gradient steep slope)

Aclive tufa cascade (high gradient steep slope)

e e T

Figure 7. Drone photos and sketches showing high gradient slope area including the main depositional systems of
the Giirlevik tufa (In the sketch, fossil tufa deposits shown as (A) and active tufa deposits shown as (B) in steep
slope areas).

@ waterfalls (steep slope) “Coared stems

@ barrage and pool areas % stromatolites
{2 mosses

@ cascades (stepped steep slope) % phytoclasts

Sekil 7. Giirlevik tufalarimin baslica depolanma sistemlerini drone fotograflariyla birlikte yiiksek egimli yamag
alanmini gésteren diyagram; (A) Fosil tufa ¢okelleri ve (B) Dik yamag alanlarindaki aktif tufa ¢okelleri.
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Not to scale

Figure 8. Block diagram of the Giirlevik tufa waterfall deposits and surrounding area.

Sekil 8. Giirlevik tufa selalesi ¢okelleri ve ¢evresinin blok diyagrama.

The increases and decreases of the water
source flow rate as a result of climate fluctuations
during the Quaternary period are assumed to have
been effective in the development of these terraces
(Uysal, 2024). The face of the waterfall is up to
20 m high and is mostly covered by stacked moss
layers, hanging vertical stems, and upgrowing
vertical stems. The internal structure of the tufa is
nearly horizontal at the crest of the waterfall and
dips sharply in the most distal area. Phytoclasts are
associated with these moss layers (vertical stems).
Caves (speleothem tufa) are observed behind the
overhangs and dammed areas (Figures 3a, 4 and
Table 1). Consequently, this type of tufa system
generally develops in slope areas, and steeper
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faces experience the fastest tufa growth (Ford and
Pedley, 1996).

Similar spectacular perched springline tufa
or waterfall/cascade tufa systems can be observed
in various parts of Anatolia. Some spectacular
examples include the Antalya tufa in southern
Anatolia (Glover and Robertson, 2003; Kosun
et al., 2005; Dipova and Doyuran, 2006); Giiney
Waterfall in Denizli province in SW Anatolia
(Ozkul et al., 2010); Sarikavak paleocascade tufa
system in Afyon province, SW Anatolia (Toker,
2017; Tagliasacchi and Kayseri-Ozer, 2020); and
Girleyik creek tufa forms located in Eskisehir
province, Central Anatolia (Uzun et al., 2023).
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In addition, there are several magnificent
tufa occurrences in the world. Some of the best
examples are the Plitvice system, “Mali prstavac”
and Skradinski Buk tufa waterfalls, Croatia
(Horvatinci¢ et al., 2000; Golubi¢ et al., 2008);
and tufa cascades at the Monasterio de Piedra
Natural Park, Iberian Range, NE Spain (Vazquez-
Urbez et al., 2011).

Barrage-dammed tufa system

The barrage-dammed tufa system is also clearly
observed in the Girlevik gentle slope fluvial
environment (Figure 3). Dammed areas are
generally shallow sites with sedimentation of
fine-grained carbonate sediments and phytoclasts
forming upstream of the barrage (Arenas-Abad
et al.,, 2010). Pedley (1990, 2009) identified the
barrage tufa model with mosses and undefined
plants. Barrages initially form on phytoclast
precipitations and then grow upwards due to
plant colonisation (Arenas-Abad et al., 2010).
Small ponds develop behind the barrage, which
are characterised by stromatolitic facies on their
vertical upstream edges (Figures 7 and 8). Lateral
development of the stromatolite towards the ponds
leads to their colonisation by plants (Figure 6).

High gradient tufa systems have developed
in different parts of Anatolia. For instance, the
Antalya tufa (Kosun et al., 2005) and Sarikavak
barrage-dam tufa system in Afyon, SW Anatolia
(Toker, 2017; Tagliasacchi and Kayseri-Ozer,
2020). Furthermore, tufa in Plitvice Natural Park
in Croatia (Horvatin¢i¢ et al., 2000); the Piedra,
Mesa and Afiamaza Rivers in NE Spain (Vazquez-
Urbez et al., 2011) and Ruidera Lakes Natural
Park in central Spain (Ordoénez et al., 2005) are the
best examples of barrage-dammed tufa systems in
Europe.

Geological Heritage and Geotourism Potential
of Giirlevik Tufa Waterfall

The concept of geological heritage is defined as “a
natural heritage that preserves evidence ofa specific
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section of the Earth’s surface, holds scientific
value, and whose destruction would result in the
irreversible loss of information and documentation
regarding its geological formation” (Wimbledon,
1996; Kazanci, 2010; Cift¢i and Glingdr, 2016).
This natural heritage can include a vast canyon, a
fossil deposit, a glacial lake, a mineral formation, a
karst cave, a fold or a waterfall. A geosite refers to
a locality where a geological or geomorphological
formation is best represented among multiple
geological heritage elements (ProGeo Group,
1998; Cift¢i and Gilingér, 2016; Gilingér and
Angi, 2021). Particularly after the emergence of
geoparks and their increasing global recognition,
geological tours initially started within geoparks
and have gradually expanded to larger areas in
recent years. These tours are collectively termed
geotourism.

Geotourism encompasses a broad range of
geological and geomorphological phenomena,
including rocks, fossils, minerals, volcanoes,
glaciers, glacial lakes, mountains, erosion
patterns, and natural hazards such as earthquakes,
floods, and landslides. It also includes structural
formations, deserts, lakes, caves, rivers, waterfalls,
and mines, where the interaction between human
activity and geological processes is prominently
observed. Additionally, geotourism can extend
to cultural elements associated with geological
heritage. As these sites are prepared for visitors,
protective measures are implemented to prevent
potential damage and serve the function of
geoconservation. Thus, the protection of geological
heritage is inherently linked to geotourism
activities. Consequently, geotourism is a form of
tourism that fosters interest in knowledge-based,
geoscientific elements (Giingor and Angi, 2021).

In light of the terminological information
briefly summarised above, waterfalls formed by
tufa deposits are widespread fluvial landforms
that were nominated as World Heritage Properties
(Goudie, 2020). Based on this concept, the
Giirlevik Waterfall, designated as a Natural
Protected Area in 1990 and placed under



qualified natural protection, stands out for its
aesthetic appeal as well as its geological and
geomorphological significance. However, these
attributes must be effectively communicated to
visitors through informational signage. These
signs will educate visitors about the geoscientific
processes underlying the formation of Giirlevik
Falls, fostering an unconscious yet impactful
nature education experience. This educational
approach is expected to enhance visitor awareness
regarding the conservation of tufa formations
within the area. In this context, safeguarding the
tufa deposits of Giirlevik Waterfall and integrating
them into geotourism initiatives has critical
importance.

In recent years, climate change-induced
reductions in precipitation have led to a noticeable
decline in the streamflow feeding the waterfall.
Consequently, the volume of water cascading from
Giirlevik Waterfall has significantly decreased.
Today, the development of tufa terraces has
slowed, and tufa blocks have begun to collapse
into the valley. This alarming deterioration of
the waterfall’s natural beauty should prompt
geoscientists to adopt a more proactive and vigilant
approach. A robust geoconservation strategy
is imperative for the sustainable development
of geotourism. Such a strategy will ensure that
geological heritage sites contribute economically
to the region in a long-term and sustainable
manner. Moreover, an effective geoconservation
framework can pave the way for a sustainable
development model. This is because geotourism
is not merely a short-term touristic activity; rather,
it constitutes a sustainable development model
that safeguards geological heritage and facilitates
its long-term contribution to regional economies
(Giingor, 2021).

Within this framework, Giirlevik Waterfall
qualifies as a geological heritage site, a geosite,
and a significant geotourism destination due to its
distinctive tufa formations, palacoenvironmental
characteristics, tectonic structures, and exceptional
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visual appeal. According to the classification
system of ProGeo (ProGeo, 1998), Giirlevik
Waterfall corresponds to categories B, E, and F
within the 10 geosite groups (Table 2).

Table 2. Geosite classification of ProGeo Group-98
(www.progeo.com).

Cizelge 2. ProGeo Group-98’in jeosit siniflandirmasi
(www.progeo.com).

Geo-Code Geosite Class (GC)

(A) Stratigraphic
Palacoenvironmental &

(B) : :
palaeontological
Igneous, metamorphic and

©) sedimentary petrology, textures and
structures, events and provinces

(D) Mineralogical, economic

(E) Structural
Geomorphological features, erosional

F) and depositional processes, landforms
and landscape

(&) Astroblemes
Continental or oceanic-scale

(H) geological features, relationships of
tectonic plates and terrain

@ Submarine

) Historic for development of

geological sciences

In many countries, including Tiirkiye,
where the principles of sustainable tourism have
not been fully embraced, natural resources in
potential geotourism sites are often exploited
indiscriminately in pursuit of economic benefits.
However, geotourism represents a crucial form
of ecotourism that can generate economic
value without compromising the natural and
cultural environment. Given that Tiirkiye has
traditionally focused on mass tourism, the shift
towards diversified tourism strategies, including
geotourism, presents an opportunity to expand
the national tourism economy in new directions.
The rich geomorphology and natural scenic appeal
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of Giirlevik Waterfall provide a unique potential
for various geotourism activities. However, as
geotourism initiatives develop, it is essential to
ensure that natural monuments of significant
scientific and aesthetic value, such as Giirlevik
Waterfall, are rigorously protected through close
collaboration with local communities.

CONCLUSIONS

The Giirlevik (Caglayan) tufa site is a spectacular
representative of the perched springline tufa or
high gradient waterfall/cascade model in Eastern
Anatolia. This study is one of the first investigations
involving detailed sedimentological fieldwork
(facies descriptions) and petrographic analysis of
the Giirlevik tufa deposit. The main conclusions of
this research are:

1. Sixtufa facies were identified and interpreted.
These are: (i) moss tufa facies (macrophytes,
coated vertical stems, bryophyte builds-up);
(i1) stromatolitic tufa facies; (iii) phytoclastic
tufa facies; (iv) tufa speleothem; (v) extra-
formational conglomerate facies; and (vi) silt-

clay clastics.

In the investigated area, the Giirlevik tufa
developed in barrage and cascade systems
within fluvial environments. Two depositional
systems are distinguished based on the
lithofacies analysis: (i) perched springline/
barrage-cascade tufa system composed of
lobe-top terrace and waterfall/cascade areas;
and (ii) barrage-dammed tufa system.

The well-exposed cascade/waterfall
and barrage-dammed tufa systems are
consequences of tectonic (faulted) effects and
climatic factors in the region.

Detailed multidisciplinary research should
be carried out to determine the activation of
faults controlling tufa development in this
region and to obtain more data about past
climatic changes.
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Girlevik Waterfall, which fascinates those
who see it with its natural beauty, was
declared a natural protected area and taken
under protection. It is of great importance
that these tufa deposits with such spectacular
natural beauty be preserved and promoted for
geotourism.

GENISLETILMIS OZET

Giirlevik (Caglayan) tufalarinin olustugu alan,
Erzincan ¢ek-ayir havzasinin giineydogusunda yer
alan yaklasik 50 metre yiikseklikten akan selale
yapuisiyla dikkat ¢ekici ozellige sahip karasal
Giirlevik ~ Selalesi’'nin
gtineyinde bulunan Kalecik karstik kaynagindan
¢tkan sulara bagl olarak geligen bu tufa ¢okelleri,
farkli  genislik ve yiikseklikte 3 basamaktan
olusmaktadir. Bu ¢alismada, tektonik olarak aktif
bir havzada geligen Giirlevik tufa ¢okelleri, ilk kez
ayrintiliolarak ¢alistimistir. Bu calismaylailk defa,
Giirlevik tufalarini olusturan karasal karbonat

karbonat  cokelleridir.

¢okellerinin ayrintili sedimantolojik incelemeleri
(litofasiyeslerinin belirlenmesi ve tanimlanmasi)
ve petrografik analizleri gerceklestirilmistir Bu
amagla, tufa g¢okellerinin en iyi gozlemlendigi
farkli seviyelerdeki tufa teraslarindan toplam yedi
adet olgiilii sedimantolojik kesit alinmis ve ince
kesit ¢alismalart icin orneklemeler yapilmistir.
Yapilan arazi ¢alismalart sonucunda bashca alti
adet tufa litofasiyesi belirlenmis ve ozellikleri
ayrintilt olarak agiklanmistir. Bunlar, yosun tufa
fasiyesi (makrofitler, karbonatlasmus bitki saplar
ve briyofitler gibi), stromatolitik tufa fasiyesi,
fitoklastik tufa fasiyesi, tufa speleotem, havza-dist
konglomera fasiyesi, silt-kil kirintili fasiyesidir.
Giirlevik tufalari, akarsu tufa ¢okeli olup, baraj-set
ve selale tipi depolanma sistemlerinde olusmugtur.
Bu karasal karbonatlarin gelisiminde bélgenin
aktif tektonigi ve iklimi olduk¢a onemlidir.

Tufalarin ~ bulundugu  alamin  kuzeyinde
sag yanal dogrultu atimli Kuzey Anadolu
Fayr ve selalenin bulundugu alanin giineybati



devaminda sol yanal dogrultu atimli Ovacik
Fayr bulunmaktadwr. Tufa selalesini olusturan
Kalecik kaynagr da Kuzey Anadolu Fayi'nin
Erzincan Havzasi’'min giineyindeki kollarindan
olan Kalecik-Tatlisu Fayi iizerinde yer almaktadir.
Munzur Kiregtaslart ile Giilandere Formasyonu
birimlerinin  dokanagini
boyunca Kalecik kaynagindan yiizeye ¢ikan
soguk ve bikarbonat¢a zengin sular, Giirlevik tufa
¢cokellerini olusturmuslardir.

olusturan fay hatti

Bélgede tufa gelisimini kontrol eden faylarin
aktivasyonunun belirlenmesi ve ge¢cmis iklim
degisiklikleri hakkinda daha fazla veri elde
edilebilmesi icin daha detayli ve multidisipliner
arastrmalarmm  yapilmast  olduk¢a  faydal
olacaktr.

Dogal giizelligiyle gorenleri biiyiileyen ve
Anadolu’nun en yiiksek selalelerinden biri olan
Giirlevik Selalesi, dogal sit alani ilan edilerek
koruma altina alinmistin Bu kadar muhtesem
dogal giizellige sahip olan bu tufa ¢okellerinin,
korunarak jeoturizm icin tamitilmasi; biiyiik onem
tasimaktadur.
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