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The first geoconservatioand geoheritage project of Turkeyin Ankara, about 70 km northwest
of the city centre. ltoversca. 23 designedand some nordesignedgeositesca in 2000 krh(Figs.
1,2.¢ KS YL A ¢f théd ¢eSparBs volcanismpalaeogeography and erosiVandforms. The
vegetation of the areachanging from sermaride climate in central Anatolia to wet Black Sea
regionissotypicalthat it isthe reasonofi KS SEAAGSR {2€dzladz bl GA2Yy I f

The logoaboveof which was selected within from 48 candidates @oanpetition in 2011
symbolized columnar basalts, thermal and mineral waters, fish and leave fossils and green
andcapes of the region.

Central Anatolia and thus the geopark area have been already of interest since ancient times,
when it was the land foHitites, Phrygians, and Galatians. Particularly, Galatians lived here, just on
GKS 3S2LI N] FNBIF 6CA3Id mMud ¢KS (24 ygaoparkrie®t Ol K
are placed geographically on a transition zone between seidi central Anatolia plateau and
mountainous and wet northern Anatolia; therefore, plant cover and morphology change from
bushes to pine forest and from large plains to deep valldgh summits with altitudes of 2100 m
respectively.In addition, Erosional landforms are appat dependent on lithological differences
of the volcanic rocks. So, the area has become popular recently for picnicking, trekking, cycling and
hunting. The geopark project and its geosites have be#roduced previouslyn some scientific
and popular dcumentsY I T I yOP SiéG If®d wnntT wnmnT YITFyOP:
summarized from théiterature existed
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Figure 1. Location and geotours map of the geopark initiativem@inicipalities, B General info about geosites and
geotours, CD two examples of geosites to be visitétd 2 RA FASR FNRBY Y.ITFyOP Si |

CdzNJ AAK 3IS202yaSNBI GA2YyARIGGI KE NEIYRRINE DERHLI
registered by the Turkish Patent Institute as nhame and content in October of 2011, in addition to
NEIAZGNr GA2y 2F SAIKG 3IS2arAdGSa Fa ayl ddzNI
Conservation and National Parks Tdrkey, in 2011. The Ankara Governorship, the largest local
authority of the region has been already one of the partners and the leaders of the geopark
project since the initiationBy these registrations and leaderships it is possible to say that the firs
geopark of Turkey was realized officially, even though it has neither an international status nor a
3S2LI N] KIFI& 0SSy OAGSR gAlKARYLD. yn fiach 2 i laformal S A a
management plan for the determined area coveringtwomadeda AT S G246y & oYPI Pt
41 YT PRSNBOZ | YdzyAOALI fAde 04StiAleA0d YR pp
square (Figs. 2, 4Ankara, the capital and also the second largest city of Turkey with five millions
of inhabitants incrases geotourisnpotential of this project. A coordination office with four staff
LG G266y YPIPEOFIKIEYLFEY YR |y SESOdziA @S O2YYAll
partners are working for the targets of the geopark. Presently, they have bespagpng the
relevant documents for membership applications to the international networks GGN and
EGN).
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Geological evolutioof Turkey and the Middle East can be divided broadly in palaeotectonic
and neotectonic periods by termination of Aimalayan orogenesis. Morphology of Anatolia and
surrounding areas commenced to initiate in Late OligoeEady Miocene and later it progssed
RdzZNAYy 3 GKS yS20S0G2yA0 LISNA2R ¢ Sy3al NJIFyR | Pf
period in Turkey covers whole Neogene and Quaterndojcanism is one of main characteristics
of the neotectonic period antKk S Y P1 Pt Ol igshrergbod exdrdpie Oflthyt evolution.
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Figure 2. Tectonic elemen{s) and basic volcanic province@)of Turkey and the Middle Eagmodified from
Toprak et al. 1996).

The Galatian Volcanic Complg& T a2 YSUGAYS Ol ff SR YPPIPPOOIKK Y
g2t OF yAO O2 YL} SE dne ¥fltheHoart ndzn Kedderi2 -agdAQdatarnary volcanic
fields of Turkey covers an area of ~12,50(% kmthe northwest region of Anatolia, at ~70 km
north of Ankara and is bounded blge North Anatoliandult (Fig. 2 The other volcanic provinces
are eastern, central and western Anatolian fields and the last activity point of view they all
become broadly younger from west to eaffig. 3. Previous literature says that not only
YPT Pt OF KI YI Y als@ 2the® Angitali@nhdvolcarde(provinces are related to collision of
African and Eurasian continents resulting the Hellenic arc, Cyrus arc and Bitlis suture (Ercan et al.
MpycT 2Afazy SiG FHtd mppt T ¢(Figl AL Hvéer, lodk typest ppy T
and stratigraphies of these volcanic provinces differ from each otf@rexample, rocks of th&V
change from basalts to andesites and rhyo{iEecan et al., 1986).

One of the characteristics of the GV is the absence of any tygigption centre, despite the
volcanic complex occupies large areas of western Pontides (Fig. 2). A topographic high, called
LOP]TRFEP A& AYOGSNIINBGSR a | aGN)» G202t OFy2
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from linear volcanic centers, probably from large and long fractures and thus, prdagriilanket

like field morphology of the volcanics was initiated from their primary emplacements. The other
characterstic of this field was the long duration of the volcanism from early Miocene to Pliocene.

Geologcal background

¢KS YPI Pt Ol Korthe GVofihe fLafel Tgrfia@y Zest on a bedrock which consists of
different lithological composition in places from Triassic to Eocene in age; however, only small part
of them are seen ifrigs. 3 and 4as PreOligocene Theoldest unit of the substratum is compade

of quartzites, schists, marbles, and recrystallized limestones. They form a group of rocks of Triassic
calledY I NI { I &} . TNisSdrdupy icBides also a good deal of Permian limestone blocks
exposed mostly in the southeast of tl@&V(Figs. 3, 4). The scond older unit of rocks in the map

area is pelagic limestones of the Late Jurgg&acly Cretaceous, and they were overlain by an
2LIKA2fAGAO YSEly3aS 2F [FGS / NBGFOS2dzad ¢KS f I
dikes, and chert), tunditic sandstones, Jurassic limestone blocks (olistolites), and matrix
supported conglomerates (olistostromes). Paleocene clastics and early and middle Eocene redbeds
and limestones are theoungest part of bedrocks (Fig). 3As a matter of fact, the fodiserous
limestones of Eocene (= Lutetian) represent the last marine transgression on central Anatolia.
After late Eocene regression, any marine incursion could never reach to this region; instead, large
fluvio-lacustrine basins became dominant during Nelwg and early Pleistocene forming thick
continertal successiond 9 NP f = MppnT 9NAOGSY YR «y&tN Mpynoo

¢tKS @2t O0FryAO NBOl1a O0YPI PEtOIKFIYFY @2t O0FyAdau
G2eya YFT Ly (2 DDNRRAS [Gy2R 208N @i NHZhep cowered
bedrocks like a blanket in some places (mostly to south), while forming high summits
GAGNI G202t OFy2SaK0 AYyYIIiKBE fydNY KdzOib If X))diknlbgyd PS R |
of the unit is consisted of andesiirasalticdasitic lavas, volcanic breccias, agglomerates, tuff, and
laharic formations; however, they intercalate with sedimentary deposits in some localities (Toprak

et al. 1996; Tankut et al. 1998). Radiometric dates and fbasid stratigraphy displaypat they

formed threepartite volcanic assemblage within a time span of@31 al 0 ¢ NNJ SOl y ¢
2 xfaz2zy St Iftd mMppTtT Y2e@AEAG SiG | f duggestesths 0 © |
shown inFigure5S YLIKF AT Ay 3 FTANRGEZ aSO02yRDMIOZYIA (G KANR ¢

The rocks of the Phase | Volcanism are mainly basalts (lava flows) and minor basaltic
pyroclastics. These dark colored volcasnare less than products of the second and third phase
volcanism. According to few radiometric dates, they had been emplacesl ineearly Miocene
(21¢20.6 Ma;Wilsa et al., 1997)

The rocks of the Phase Il Volcanism are mostly andesitic and theytarayered with lacustrine
sediments (Figh). They form main lithology of the whole Galatian Volcanics by andesytaitic-

dacitic lava flows and mediunand finegrained pyroclastics (Fig. 2). White colored, punrtick

tuff is common. Radiometric des showed a wide formatiotime interval from 20.6 Ma to 10.6

Ma for these rocks (Wilson et al., 1997). Moreover, plant and insect fossils in the lacustrine marls
which are intercalated and mostly covered rocks of this phase show agearlgf and middle
Miocene (Fig. b Presence of some signs of stratovolcanoes and pyroclastic cones and also
abundance of pyroclastics may indicate that explosive eruptions are characteristics of volcanic
centers during this phase (Toprak et al. 1996; Tankut et al. 1998; 18ilson et al. 997).
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Figure 3. Geological map of P1 Pt O larid fewdark area (from MTA, 2002)

Following the Phase Il Volcanism, extensive lakes and related wet environments became
dominant not only in this region but also in whole centfahatolia as separate basins (i.e.,

SeLI T I NP -8R HHZ > (FiY. Moy Th® RdBse 11l Volcanism of the Galatian complex
area produced mainly basaltic lavas dated as @& Ma (Wilson et al. 1997). Their areal
distributions are relatively linkd compared to previous andesitic rocks, and all are covered by
Pliocene clastic deposits (FB). The latter are composed of mudstones, sandstones and minor
conglomerates. It is worth noting that Quaternary deposits in this region are not much and not
varied. They are typically old and recent alluvium, colluviums, and terraces. Most likely, deep
valleys and gorges were created during this time period (Quaternary), but eroded materials were

transported to the Black Sea directly instead of local deposkiene.
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Geosites to be visited / Stops

Despitepresence okeveral geosites in the geopadaly few of them which areasyaccessible
by bus will be visited in that fieldtriplhe itinarary will behe georoute3 in kg. 1working on

vulnerable geosites-3 (They are 6, 4, 2 in Fig. 3).

Stopl:t St A { d&X {Pdtrified Forest

This is the geositel in Fig. 1Also 6 in Fig 3, and 10 in Fig. 4.

This stop includesthousands of silicified treesa real fossilforest-. According to a recent study, the
preservedwood indicates that the forest was composed almost exclusigélyaxodiumand Sequoiain
addition to trunks of oak, juniperpine, ard cypress woods (Akkemik et al. 2009). Tankut e{18195)
proposed a age range of 18¢26.9 million years for théossil forest based on their own study about the
volcanics in thisegion. It corresponds to the Phase Il Volcanism in Figure

Thissite is 6 km south of Ankafre & G I y 6 dzf

RO kEhKronh AnkafacyfyReenter (Figd, 3, 9.

Access to thegeosite is easy and so it causes to increase threatsobgctors and fossil hunterst was
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forest is in a narrowga 3-km-long layer (Fig. 6) Woods here are from silicified trunksranches, and roots
(Fig. 7. Sizes of fossils vary from a feantimeters to 3 m. Their abundance gives visitors a sense thgt the
face a forest made from rocks. Silicified trees have @6 Sy T2 dzy R
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The silicified fosslayeris 1520 m thick but not every areaf the layeris filled with fossils. Thiayer
forms the middle parbf a volano-sedimentary succession (Figsand 6). Stratigraphicallgat the relative
base of he succession, pumiagh tuff istypical. They were overlain by a thin agglomerate lay®althen
upwardly change telayey tuff and mar{Fig. 6). Marljimestones that underlay the silicified zone appear
and disappeataterally in a short distance. A continuous sHigzh bandcomposed of mostly chert andpal



occurs at the base of PetrifieForest layer The succession terminates wigh5m-thick marly limestone
sequence The latter covers the top ahe section, Kuz Tepe (Fig). &haracteristics of the sequence
described here are a fingrained, clayrich lithology, indicatinghat this probably plays an important role in
fossilization and ipreserving fossil wood@-ig. A-H).

It is believed that fossilization of trunks and other woodqerts were related directly to the presence of
silicabandd { St YA SNJ mddn T 2000)iSlicdelsdet dinerals R thigaleNsupport this idea
6A DS dT ¢ MNJISY S30e0ERBalmndsilicification steps of wood textures have been previously
introduced by microscope and experimental studipsving ion byion change (Scurfield and Segnit 1984;
Akahane et al2004). Inthe earlyY A RRf § aA20SySs GKS YPI PhdMefahdas ¥ NIB
a result of one volcanic eruption, pyroclastics flows felled many of the trees that carpetedidimity,
typically displacing their trunks and leaving only the stumps behind @)igClouds of fine ash then
(partially) buried the forest,andBS OF YS Sy 2 Yo SR ¢ ¢ NNJ S OR0O03,A&Kemiket ®@ M e
al. 2009).

Individual petified trees or trunks are not rare in the geological record; however a fossil forest is unique
formation and its occurrence needs specific environmental conditions. Consequently, there are big efforts
G2 02y aSNBS GKSY Fa |a oWSNENS 362y dziSpy iS¢0 NI drh SN
INIIFo6S SG td wanntT YFETYSNI HAanyT- ONKRBKI B GiC2 & A 1 na@
YPI Pt O4 KY&YPRSNE DS2LI N] OFry o6S Sraiate O2YLI NBR
Hungary from point of species richness and abundance of trunks.




Figure 7 Examples oftrunks, roots and branches of the fossil forest

StopH ® ! 6 OP FIFANE OKAYYySea
It is marked as 4 in Fig. 3, and 9 in Fig. 4.

The site is 3 km and 20 km away from Ank&ra ( | y6dzZf KAIKgle& I|yR Y
respectively (Fig. 1, 5 in Fig. 3).cdnsistsof ignimbritic tuff dissected deeply by erosion forming
peculiar landforms(Fig. 8, 9). The Kirmir river plays an importamble as basdevel on the
development of the erosion (Fig. 8fhe geositdh & Y2 NB 2 NJ f Saa S |jldeAodR K | Sy
fossil foresthostedin tuffs which are 161 million years old.

Tuﬂ, volcanic santst
conglamerates
Tuﬂ, lacustrin deposits |-

ignimbritic tuff

_ Bazaltic lavas

R Fairy chimnerys

Figure 8. Location and typical lithology of stop 2; Ignimbritic tuff.



Figure 9. Close vieswof the chimneys
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Stop 3Mahkeme! € OAY [/ dzft G dzN> f DS2aAds
It is marked with same number in maps as very closed to stop

This stop is at ca 3 km noghst2 ¥ (G KS | 61 OP T A NRI® &Atheys&mea
lithology, the ignimbritic tuff (Fig. 10). Significance of the geosite fism a fourstorey

o-
~

underground stlement included ca 45 houses caving in ighiites. Their design is completely
different from underground cities in central AnatoligArchaeology says that they were used
effectively in Galatian and early Byzantine times. The walls of the houses have been strengthed by
a special technique. Natural erosion is a big threat on that site.

S Aluvium, - i
Old Old aluvium, terrace Acidic lavas

n ?
settlement Tuff, volcanic sandstone, [FEFEEg | . . Basaltic lavas
“ Ignimbritic tuff aglomerate




Figure 10Geological map ofthearea Y R al K1 SYI € OA Yy (-siofey setlgmens i@S &dplaced Y dzf ( A

Figure 11. Entrance of a house and a chapel

Stop 4 D N @ &xfumnar Basalts

It is marked as 2 in Figs. 1 and 2, and 8 in Fig. 4a.

This site provides a nice section to examine flood basalts and basalt collmfast, hey are
common and typical features of some siljgaor lava flows (Spry 1962). The importance of the
geosite is thepresence otwo types of columns; one can obsemagular and irregular joints in the
same section at this localityrig. 12). Throughout the site, regular or colonnade basalts were
overlain by the irregular or entablature basalts. The latter is dark colored, and it creates a
picturesque landscape (ligl3, 14. The color difference between the two basalts is due to
different alteration along the columimaker joints. The columnar basalt geosite is located 1.5 km
Y2NIK 2F @Attt 3S DN@GSY>X 2dzad 2y {lodpy-4$NJSD2
(Fgs.1, 3, 4. Columns are very apparent at two sides of the Sabunsuyu creek because of natural
erosion and anthropogenic activities. Regular (colonnade) features heivedges at transversal
sections; moreover, some have 6 edges. Dimensions are homogemithin regular (colonnade)
and irregular (entablature) features. Lengths of columns are not measurable due to exposure
limitations, but their widths are 1€BO cm and 812 cm for colonnades and entablatures
respectively [Fig.13). The boundary between thevo types of columnar basalts is sharp but not
horizontal. Moreover, the irregular columns orient to different directions and consequently they
appear to be structurally deformed (Fitd).
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Figure 12 Location and stratigraphy of theolumnar basalts

LINBEJA2dzaf &z

studied in detail agi KS Y PT RSN KI6Y | R dzii S

Kdza §

LOSP] RIE

2000 m aslHowever, only rocks of Phases fidalll could be detected iil KS DN@SY

2007;2010). The basaltic la¥ews included columnar basalts dated 1P Ma (Tankut eal. 1995). This

result shows that rocks of the columnar basaére a part of the Phase Il Volcanics.

Figure 13. Close views to the columns

GKS YPNPODE KAYI KB2 DAPENO&
LINB®tBSachOB(Bevrek etth? 29B6; NP | R
¢ Nkecan et al. 1991; Workneh 1993; Tankut et18195 1998).In addition, the volcanic complex i&ry

high and covers all volcanic phases at this locality, forming?2 YR Yl NJ

oYl



Ifregular colurhns”

Colonnade basalts

Figure 14. general views to the basalt columns. Note that irregular columns are short and thin relatively

Figure12 summarizes geographic and stratigraphic positidrthe columnbearing basalts. They were
placed on top of thevolcanic succession. However, basalts are usually seen dadbstrine units of the
Phase Il Volcanics in the field. It mustrbited to padeotopography during the explosions.

The most wetknogy SELF YLX S 2F G(KS O2ftdzyyl N 6l alfdia Aa D
O2ftdzYya IyR DAIYyGQa /1l dzaSgl @& AdGaSt¥F oSOl YSAsitl2 Lidz |
is accepted classically, occurrences of basalt collemaglirectlyrelated to cooling, as volume of hot lava
diminishesup to 15% when it cooled and then vertical joints start to initiBpry 1962; Guy and Le Coze
1990; Boiron et al. 2010) Slow cooling produced the colonnade or regular columrisjeanrapid cooling
has created irregular/entablature basalts. Surfacger and ordinary climatic circumstancesthe relevant
time were likelycausesof relativelyfast cooling. As result, if a basaltic lava lake changesblid rock by



cooling from the ground over a lomgeriod oftime, regular columns would occur. In contrast, if it started
from the upper surface and realized rapidly, irregular columns waplaear Fig.14).

As it is mentioned abovesolumnar basaltsare common features in volcanic settings and they have
been known since sixteen century at least (Tomkeieff, 1940). However, examples which include regular and
irregular columns (columnar and entablature basalts) together are rare in the geological gettmdce,
GKS DN@SY 3S2aAi0S AyONBFasSa LJ2LJz I NAGe-4FYRPRINMS
Geopark.

Stop5:. S 6 | 2aaVeiand Fish Fossils
It is marked as 3 in Fig.1; 2in Fig.3 and 7 in Fig4

¢ KS @At t | 3Sthedotality. o thd geysitels ~5 km north ofcolumnar basalts described
previouslyas stop 4L &G Ay Of dzZRS& | GeLAOFf 3IS2&8A34GS 2F TN IAL S
literature (Figsl, 2 and 4 Y I T | y Olffwasidiseoweted and introducddA NE G o6& YI &l LX P3
then studied in detailPaicheler 1978; Ruckestf { N¥i &y n T -wiN DN ¥ &§f2008)ii The fossil
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Figure 15. Geological map of the area. See Fig. 12 for stratigraphy.



Figurel6. Laminated mudstones and marl of Miocene and their fossils (insect, fish and Igaves















