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Abstract 

The Pl io-Quaternary travert ines are exposed in the vast area around the Anta lya  region. Travert ine is the major  subgrade formation in this area. 
For geological  and geotechnical  purposes the Antalya travertine can be divided into three different  groups and these are spongy, weak, and 
massive travertine. Geomorphog ica l ly  the travertine is dissected into four major  plateau, namely Dosemealu ,  Varsuk. Diiden, and Arapsuyu.  
The .,,tudy is special ly based on the geological  and geoteehnical  propert ies of the Lara travertine included in Ihe Dtiden plateau. The upper  most 
spongy travertines locally can be mixed with under lying weak travertines.  The trlassive travert ines are dominant ly  micritic and brownish and 
beige in eolour. The weak travertine comprises  block, gravel ,  sand, and si l t-grade materials  coming  from massive travertines.  
Rock Qual i ty  Disignat ion for spongy is " p o o r " ,  weak and massive is " ' f a i r " .  Unit weight  in order  is 13.2, 15.6 and 19.9 kN/m ~. Mean porosi ty 
is between 52.47 % and 25.23 %, and all of  the travert ines are "ex t remely  p o r o u s " .  Mean permeabi i i ty  in order  is 78.4. 42.2, and 8.2 li tre/minute. 
Schmidt  hardness of  spongy is " v e r y  so f t " ,  weak is " s o f t " ,  and massive is " m o d e r a t e " .  The uniaxial test results range between 2.37 and 
19.0 MPA. The massive tra,,ertine {s classif ied as "midd l e  modulus ra t io"  and "ve ry  low s t r eng th" .  

Rdsumd 

Des travertines d ' a g e  Pl io-Quaternaire  affleurent en large superficie h Anta lya  et dans ses environs,  o(~ ils const i tuent  la fondation des construct ions.  
Du point de vue de consti tut ion les trois sortes de travert ins sont le travertin spongieux,  le t ravert in tendre et [e travert in massif.  Les travertins 
se dist inguent gdomorpho log iquement  en quutre plateaux pr incipaux,  eomme eeux de Ddsemealu ,  Varsak. DiJden et Arapsuyu.  
Darts eette recherche,  on a dtudid les caractdris t iques gdologiques et gdotechniques  des travert ins dan.', la rdgion de ga ra  qui se situe sur le 
plateau de Dtiden. Le travertin spongieux qui se trouve au plus haut niveau, est mdlangd Iocalement  uvec lu travertin tendre qui se situe uu 
dessous du prdcddent,  l..e travertin mas~,if dont la couleur  est beige et de divers tons de marron prdsente une structure micritique. Le travertin 
tendre contient  des dldmenis de la taille de blocs, de eail loux,  de sables et de silts, qui appar t iennent  au travert in massif .  
Si on se rdfhre au coefficient  de quali td des roches, le travertin spongieu• est de *< mauvaise qualit,,i ,, et i ts  t ravert ins  tendre et massif  sont de 
<< moyenne qualitd ,,. Le poids de I 'unitd de volume est en ordre de 13,2, [5.6 et 19,9 k N / m ' .  La poroslte moyenne se situe entre ~_ ,c et 25 % 
et t o u s l e s  travertins sont extr('.mement poreux. La permdabil i t6 moyenne est de I 'ordre de 78,4, 42.4. et 8.2 l/rain. D'apr~s la duretd Schmidt ,  
la classif icat ion du travertin spongieux est << tr~:s mou ,,, du travertin tendre << mou ,, et du travertin mass i t  <~ moyen ,,. Les rdsultats des essais 
de compression simple situent Its travertins entre 2,37 MPa et 19,0 MPa. 

I n t r o d u c t i o n  

In the determination of new residential areas, it is ne- 
cessary to carry, out geological  and geotechnical inves- 
tigations on the foundation rocks, and prepare land 
usage maps. Due to the mode of occurrence, travertine 
exhibits some geotechnical problems. Foundation rock 
in Antalya, which is a rapidly developing tourism centre 
of Ttirkey on the Mediterranean coast, is travertine 
(Fig. 1). Travertine formation around Antalya is related 
to the Ktrkgdz springs in the north of the city, and has 
continued since the Ptiocene. Geological  and geotechni- 
cal properties of  the travertine also vary, depending on 
different locations. 

The aim of this investigation was to outline the geolo- 
gical and geotechnical properties of travertine around 
Antalya, especial ly at the Lara area. For this purpose. 
lateral and vertical distribution of travertine was inves- 
tigated using existing borehole records; trial pits and na- 
tural trenches in the area. Discontinuities within this 
unit, such as dissolution cavities,  caves, fissures, joints 
have been examined. Physical and petrographic proper- 
ties of samples, representing different travertine types 
have been investigated to outline the relation between 
the grain sorting in the formation and the shear strength, 
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Fig. 1 Location map of the study area. 
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Fig. 2: Geological map of the Antalya region (after DSI, 1985). 
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Fig. 3; Geological section of the Amalya region. 

Stratigraphy and lithological characteristics 

Jurassic-Cretaceous limestones, a cretaceous ophiolitic 
complex, Miocene detrita]s and Plio-Quaternary traver- 
tine are exposed in the investigated area and its vicinity, 
in chronological order (Fig. 2 and 3). 

Mesozoic limestones, which form the basement in the 
area are dark gray to black colored, and in microcrys- 
talline structure. They are thick bedded and contain cal- 
cite veins. They have acquired an undulated appearance 
by the effect of rain water. They contain 98,83 CaCO3, 
and the composition provides ease in karstification. 
Chasm, depression, sinkhole karst, polygonal karst, ca- 
vern and polje structures are observed. 

The Upper Cretaceous ophiolite complex comprises ser- 
pentinite, radiotarite, sandstone and limestone units�9 
They exhibit a complex structure both lithologically and 
tectonically. Marine Miocene, cropping out in the east 
of the investigated area is characterized by limestone, 
pebblestone, sandstone and marl. Whitish, yellow and 
light brown limestone occurs in layers with variable 
thickness. 

Area of the Plio-Quaternary travertine plateau is ap- 
proximately 630 sq kin. It covers the D6s.'emealtt, Var- 
sak, Dtiden and Arapsuyu plateaus. An additional one 
continues south beneath them, according to sea floor 
maps. Elevation of the D6,.semealu plateau from sea le- 
vel ranges between 150-350 m, while those of Varsak, 
Diiden and Arapsuyu between 60-150 m, 30-60 m and 
0-30 m, respectively. The plateau beneath the sea level 
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Fig. 4 : Geomorphological units of the Antalya region (after No,,,sin, 
1989). 



extends 2.5 km away from the shoreline. Then it sinks 
rapidly with a step to 50 m deep (Nossin, 1989) (Fig. 4). 

Extension of the continental travertine about 90 m from 
the shoreline beneath the sea points to the depression 
of the land area. Maximum travertine thickness of 260 m 
was found in drillholes around the Klzllh district. Ac- 
cording to its relationship with the underlying forma- 
tions, and the determination of "Candona sp" fossil, 
which is a fresh water species, in a specimen taken from 
42-44 m depth in the drill hole, the unit is assigned to 
the Plio-Quaternary. Quaternary alluvium is observed 
along the stream beds. 

Mesozoic limestones are extremely fractured, jointed 
and faulted. By the epirogenic movements, dominantly 
N-S trending, and also NE-SW and NW-SE trending 
joint systems have developed on the travertine. Many 
karstic springs are present on the travertine plateau. To- 
tal discharge rate is 14,350 1/sec. These discharge from 
karstic cavities at sea level. Most prominent are the Du- 
raliler (2,500 1/sec), Kemera~zl (1,580 l/sec) Arapsuyu 
(t,200 l/sec) and Uncah (1,000 l/sec) springs. Water ta- 
ble lies 35-40 m deep and is close to sea level. 

F o r m a t i o n  and types  of  t raver t ine  

Discharger water from the KlrkgOz springs, which gives 
rise to the formation of travertine contains 160 gr/l Ca 
(DSI*, 1985). Calcium bicarbonate is obtained from the 
limestone unit, in which water percolates. Dissolution 
of calcium carbonate is possible only provided that the 
water contains free H ~. On the other hand, I-l + is libe- 
rated by the aid of CO2. 

H~O + CO, = H ~ + HCO 3 
Ca003 + H+-= Ca ~+ + HCO 3 

Free CO2 in K~rkg6z springs is 105 mg/1. This amount 
shows that CO"- is not only provided by rain water, but 
is also taken from soil by the decay of plants. Abundant 
rain fall causes chemical erosion in limestones. By so- 
lution, chasm, sink hole karst, cavern, polygonal karst, 
and polje structures are formed. The most outstanding 
are the Blylkh, Varsak, Tas. kuyu, Ci~lik, Nebiler, Ko- 
vanhk chasms, and Karain, Selalan, Deniz, Ya~ca chasm 
caves. 

In the percolation conduits, by the extraction of CO2 
by pressure effect, CaCO3 precipitates according to the 
following equation : 

Ca(HCO3), - + CO, = CaCO 3 + H20 + 2CO 2 

Precipitation is less around the spring due to the avai- 
lability of CO~_, but increases going far from it. 

Investigation of the samples from the area studied have 
been made at the Geological Engineering Department, 
Sciences Faculty of Ankara University. Three types of 
travertine have been identified, related to precipitation. 

* State Hydraulic, Work. 
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1. Massive travertine 

This type of travertine is creamy white coloured, with 
the surface red stained due to oxidation. It has precipi- 
tated in the deep sections of the lake, where precipita- 
tion rate has decreased. Cavities in the complex internal 
structure have been filled with sparry calcite. Root 
marks occur as tubular sections. Some of them are of 
dissolution cavity character. Poorly preserved gastropo- 
da and ostracoda shell fragments may be observed. The 
parts with dissolution cavities and nodules exhibit a ty- 
pical "planty tuff" appearance. 

2. Weak travertine 

Plants and algae present in the sedimentary environment 
assimilate CO2 and help in precipitation. Calcium car- 
bonate envelops the plant roots and stems. By the decay 
of the organic parts, they pile up irregularly upon each 
other, and become calcified. In the parts where the water 
flow and recharge are fast, previously precipitated tra- 
vertine fragments are observed as marial cavity fillings 
in sand and silt size. Thickness varies between 2 and 
12 m and form the base of the constructions. Compared 
to the massive type, it is more vacuolated. It is calcite 
in composition. There is a thin film of cement around 
some of the cavities. It is partially in tooth structure. 
This structure reflects the fresh water phreatic environ- 
ment. Root casts and marks are less compared to the 
former. Mostly, algal structures (Cyanoficeal algal) are 
outstanding. In addition, it contains abundant Charocea 
and Gastropoda shell fragments. It is occasionally in 
fine crystalline micritic structure. 

3. Spongy travertine 

It dorms in shallow water, in environments where hea- 
ting, evaporation and CO-_ loss are high. Colour is 
brown. It is widely distributed. The cavities included 
have been filled with sand, si l t  and clay size material, 
which are the products of previously precipitated tra- 
vertine, as bands. It is made up of extremely irregular 
shaped, completely fine plant roots and balls, with dis- 
solution cavities. Roots are enveloped by a thin film of 
acicular sparry calcite cement.  It has formed by algal 
activity. Some vacuoles have been partially or comple- 
tely filled with calcite cement.  Fringed structures are 
formed in vertical flow. Massive, weak and spongy tra- 
vertine are gradational laterally and vertically. Thi- 
ckness is variable. Mineralogical composition of the 
travertine, is investigated by X-ray diffraction (XRD) 
technique, is entirely calcite. 

G e o t e c h n i c a l  i n v e s t i g a t i o n s  

In order to determine the geotechnical characteristics of 
the Antalya travertines, the Lara area in the east of An- 
talya has been investigated (Fig. 5). Field investigations 
in order to determine the lateral and vertical distribution 
of travertine, and to collect representative samples, 
126 m of borehole drilling (S) has been performed in 
7 locations, whose depths range between 10 to 17 m. 
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NX core  samples  have  been  co l l ec ted  f rom the bore  
holes.  B lock  s amp le s  were also co l l ec ted  f rom 13 ob- 
se rva t ion  pits (G),  w h o s e  dep ths  vary  f rom 3 to 9 m, 
and f rom a large n u m b e r  of  na tu ra l  t renches .  Data  ob-  
t a ined  f rom three  ,,veils dr i l led  for wa te r  supply  (SS), 
at dep ths  r ang ing  b e t w e e n  84 and  48 m, s h o w e d  that  
the th ickness  of  t r ave r t i ne  was 62 m. The l i tho log ica l  
units  cut  in the dr i l ls  are shown  in Fig. 6, and  the geo-  
logical  sect ion is p r e s e n t e d  in Fig. 7. 

G e o t e c h n i c a l  cha rac te r i s t i c s ,  core  recovery ,  rock qua l i ty  
des igna t ion  (RQD)  and  S c h m i d t  ha rdness  of  t r aver t ine  
have been  d e t e r m i n e d  in situ, and  resul t s  are p r e sen t ed  
in Table  I. Phys ica l  and  m e c h a n i c a l  p roper t i es  are g iven  

Table 1 : Core yield (%) and RQD values for travertines. 

Characteristic Spongy I Weak Massive 

Core recovery (%) 58 67 89 

RQD (%) 36 53 68 

in Table  2. Re l evan t  A S T M  a n d  Turk i sh  S t anda rds  have  
been  referred to in d e t e r m i n i n g  the charac te r i s t i cs .  

A c c o r d i n g  to the R Q D  v a l u e s ,  spongy  t raver t ine  is 
" p o o r " ,  weak  and mass ive  t r a v e r t i n e s  are " f a i r " .  Ac- 
co rd ing  to poros i ty  (n) v a l u e ,  all are over  20 %, and 
" h i g h l y  p o r o u s "  in the M O O S - Q u e r v a i n  c lass i f i ca t ion .  
Schmid t  ha rdnes se s  have  b e e n  taken as the ave rage  of  
500 m e a s u r e m e n t s .  Mass ive  t r a v e r t i n e  ha rdnes s  is " 'mo- 
d e r a t e " ,  weak  t raver t ine  h a r d n e s s  is " s o f t " ,  and  spongy  
t raver t ine  ha rdness  is " 'very  s o f t "  (Hunt ,  1986). 

Uniax ia l  c o m p r e s s i v e  s t r e n g t h  of  mas ive  t r ave r t ine  has 
been  d e t e r m i n e d  to be " v e r y  low s t r e n g t h " ,  and  accor-  
ding to static e las t ic i ty  m o d u l e ,  in the " i n t e r m e d i a t e  
modu lus  rat io and very  low s t r e n g t h "  ca tegory  (Deere  
and Mil ler ,  1966). Weak  and  s p o n g y  t r ave r t ines  have  so 
low s t reng th  not  to be c o n s i d e r e d  wi th in  this  c lass i f i -  
ca t ion.  Free f i l t ra t ion e x p e r i m e n t s  car r ied  out  in more  
than 400  f i l t ra t ion  wel ls  a r o u n d  An ta lya  y ie lded  values  
of  8.2 l /min for mass ive  t r a v e r t i n e :  42.4 l /rain for  weak  
t raver t ine  and 78.4 l /rain for  spongy  t raver t ine .  

Table 2 : Geotechnical properties of the travertine types. 

Properties 

Dry unit weight (yd, kN/m 3) 

Specific gravity (Gs) 

Porosity (n. %) 

Schmidt hardness (MN/m 2) 

Unconfined compression strength (ac, MN/m") 

Static Elasticity Modfiltis (E, MN/m" x 103) 

Permeability (K, I/rain) 

Massive 

I Min Max Mean 

18.2 23.2 19.9 

2.57 2.71 2.67 

I4.71 32.09 25.23 

22.0 54.0 41.4 

13.10 26.40 19.00 

4.90 5.10 5.00 

1.4 18.6 8.2 

Weak 

Min Max 

11.1 18.4 

2.58 2.70 

27.50 51.51 

10 24 

4.63 11.00 

3.10 3.17 

38.6 i 53.2 

I Spongy 

Mean i Min Max Mean 

15.6 I 8.8 16.1 13.2 
f 

2.64 i 2.51 2.73 2.65 

38.09 I 39.70 67.88 52.47 

. I 5 . 9  < 10 11.0 < 10 

} 6.28 0.72 4.85 - 2.37 

! 3.15 2.36 2.52 2.40 

42.4 60.0 107.0 78.4 
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Relationships between the geotechnical 
c h a r a c t e r i s t i c s  

The relationship between the porosity and permeabil i ty 
(n-k) of travertine types is shown in Fig. 8. Permeabili ty 
increases proportional to the increase in porosity. Rela- 
tionship of dry unit weight to unconfined compressive 
strength (Td-~c) is shown in Fig. 9. Unconfined 
compressive strength is the highest for the travertine 
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with highest dry unit weight. Spongy travertine has the 
lowest dry unit weight and compressive strength_ Un- 
confined compressive strength decreases as the porosity 
increases, the decreases, which is not linear is shown 
for massive, weak and spongy travertines, in Fig. 10. 

Results and discussion 

The area studied is located in the Dtiden Plateau. Field 
and laboratory investigations on the travertines have 
yielded the following results : Soil with plant remnants 
is underlain by 2.00-10.00 m thick spongy travertine, 
which occasionally carries traces of alteration. Average 
thickness of the weak travertine, intercalated with spon- 
gy travertine, is 6.50 m. Underlying these two is the 
massive travertine, down to depth of 62 m. 

Spongy, weak and massive travertine, the occurrence of 
which is related to sedimentary processes and environ- 
mental conditions, available flora and fauna, carbonate 
concentration, temperature and depth, are completely 
made up of calcite.  

Massive travertine has formed in environments with a 
lower sedimentation rate and in the deeper parts of the 
lake; thus the porosity and permeabil i ty are lower 
compared to the other types. Tubular cross-sectioned 
root marks, dissolution vacuoles and circular conchoidal 
particles are observable in thin sections. This travertine, 
with micritic texture, yields higher dry unit weight, 
uniaxial compressive strength and static elastieity mo- 
dule than the others. On the other hand, porosity and 
permeabili ty are lower than the weak and spongy tra- 
vertine. 
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Weak travert ine has most ly precipi ta ted in fresh water  
environments ,  and contain more vacuoles ,  algal struc- 
tures, Charocea  and Gas t ropoda  shell, f ragments .  Consi-  
dering the geotechnica l  character is t ics ,  they yield lower  
values than the mass ive  travert ine.  Spongy travert ine is 
ex t remely  i rregular ly shaped, contains  dissolut ion cavi-  
ties and has comple te ly  formed thin root marks and 
balls. Thus, it is the t ravert ine type with the lowest  dry 
unit weight  and strength. On the otherhand,  it contains 
the max imum amount  of  pores and has a high permea-  
bility. 

As seen in Fig. 9, uniaxial  compress ive  strength value 
increases proport ional ly  to the bulk density. Massive  tra- 
vertine with the lowest  cavi t ies  and pores has the maxi-  
mum strength. As the porosity increases permeabi l i ty  
coeff ic ient  also increases.  The  highest  porosity beIongs 
to spongy travert ine (Fig. 8). 

As the porosity decreases  unconfined compress ive  
strength increases. For the massive  travertine,  mean 
strength is 19.00 M N / m  ~- with porosi ty 2 5 2 3  %. How-  
ever, in spongy travert ine,  while  the mean strength is 
2.37 MN/m-',  mean porosi ty increases to 52.47 %. 

Spongy and weak t raver t ines  show an average  thickness 
of  9 m in the Lara area, and form the foundat ion unit 
for construct ion.  The karstic cavi t ies  are vertical.  No 
serious problem is expec ted  cons idered  the bearing ca- 
pacity, but the karstic cavi t ies  beneath may cause some 

stability problems.  For this reason,  drill holes must be 
made on the points where the co lumns  will be located, 
and it must be de te rmined  whether  karstic cavi t ies  are 
present. 
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