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Abstract:

Travertine deposits cover a vast area in the southwest of Azarshahr (East Azarbaijan province) and in some parts there are active
springs which currently deposit these types of sediments. Regarding the field observations in the Azarshahr area, the typical
morphology of Azarshahr travertine deposits is in situ and consists of the mounds, fissure-ridge and cascades. Geochemical studies
on the travertine deposits of the Taptapan and Qizildagh springs revealed that the amount of iron in travertine deposits clearly
emphasizes their thermogenic nature. The amounts of strontium, barium and beryllium also indicate the thermogenesis and
calcareous, evaporative or dolomite origin. The depleted oxygen isotope (5'°0) and enriched carbon isotope (8*°C) is also indicator
of thermogenic source, and carbonate source rocks for these deposits. Based on geochemical studies, it can be concluded that
hydrothermal fluids may have initially taken the CO,-derived from magma, and during the upward movement with carbonate rocks,
decarbonization has been occurred. These fluids transport CO, from carbonates, and then they appear as spring’s water at the surface

and precipitate travertine due to the rapid release of CO,.
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Introduction:

Continental carbonates comprise a wide range of lithologies
including speleothem, calcrete, palustrine, travertine and tufa.
Travertine and tufa deposits frequently associated with
limestone dissolution in superficial (epigean) or deep
(hypogean) hydrogeological reservoirs (Pentecost and Viles
1994; Pentecost 2005; Jones and Renaut 2010; Capezzuoli et al.
2014; Gandin and Capezzuoli 2014). However, a large variety of
other rocks can occur as substratum and source of elements
building these carbonates. Many studies have shown that
igneous rocks (basalts, rhyolites, ultramafics, granites) and
sedimentary rocks such as dolostones, evaporates and marls
may constitute derivative sources for calcium and other
elements required for travertine and tufa build-up and this can
be determined by elemental and isotopic geochemical studies.
Travertine deposits cover a vast area in the southwest of
Azarshahr (East Azarbaijan province) and in some parts there
are active springs. The area is located on the western margin
of Sahand volcanic complex and eastern margin of Lake
Urmia. Given the importance of geochemical studies

mentioned in travertine studies, the main objective of this
study is to emphasize the use of geochemical data in
travertine classification, determination of origion of elements
building travertines, CO, origin and comparison of Azarshahr
region samples with global thermogene and metheogene
travertines.

Material & Methods:

For petrographic studies on travertine samples deposited
around Azarshahr springs, 20 samples of travertine sediments
and old travertine rocks around two modern travertine springs
called the Taptapan and Ghezelagh are collected. In order to
compare the geochemical chatactristic of samples, ten
samples of travertine rock samples in the quarry near
Qizildagh spring are also colleted. Fifteen samples were
examined for mineralogical composition using XRD analysis.
For geochemical analysis (ICP-MS), seven travertine samples
around Taptapan and Qizildagh springs and three travertines
samples of quarry near Qizildagh spring, has been analysed at
the Zarazma Laboratory, Zanjan. Moreover, for the purpose
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of isotopic analysis of §'20 and 83C, four travertines samples
around the Taptapan spring were selected and analysed at the
Isotopes Research Laboratory of the Arak University.

Discussion of Results & Conclusions:

According to the geochemical studies of the major elements
on the travertine of the Azarshahr, iron, sodium and
potassium elements clearly emphasize the thermogenesis of
these travertines, but other trace elements cannot definitely
determine the type of travertine. The concentration of rare
earth elements in Taptapan spring samples is lower than that
of Qizildagh samples, indicating a lower reaction rate of this
spring with source rocks and its rapid ascent to Earth's
surface compared to Qizildagh spring. Due to high
concentrations of strontium and low concentration of barium,

the Azarshahr travertine deposits plotted in the range of
hypogean Calcite and Aragonite Travertine and Tufa (CATT)
originated from limestone, evaporaites and dolostones. The
origins of the samples using beryllium values indicate that
the Azarshahr travertine was similar to the values of this
element in hypogean travertines with carbonate sources. The
depleted 60 and enriched 8"C is also indicator of
thermogenic source, and carbonate or igneous source rocks
for these deposits. Based on this study, it seems that
hydrothermal fluids may have initially taken the CO,-derived
from magma, and during the upward movement with
carbonate rocks, decarbonization has been occurred. These
fluids transport CO, from carbonates, and then they appear as
spring’s water at the surface and precipitate travertine due to
the rapid release of CO,.
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§C ijms 5l 5 (Hoefs 2004) das o ) ool Lis
saig 53 s S L Sl Sl ol5
(Pentecost 2005; Beradi et al .2016; ;)ﬂ Cewd Sl S
ik sladisel ooyl & =& Mancini et al. 2019a)
T-6 T-4 T-1 & pai gz Klos S Jsd> 3 e 3]
UL Tt GLbI ity & ol Mo s 13 T-7
Odns pasd3 slagysl 5 s T-A-20 5 T-A-18 50l 93
Lgd o bg e (Roshanak et al. 2017 51 s S0 ¢lad 3

it Olbl Sl aee gl LSl S5

g ailie sladipad 5 lie 355 e sdaline ol o g
5 el 5 e S0ke SIS Ll ol o o OF) BT
st PYV 5 M a3 sl sl s
kSl Matlock Bath 0550 5 lacssls alis
ool 5 el s S o3Il slis .ol (Pentecost 1993)
sbaiosl g sl sS4 (Pentecost 2005) ol Lo 5
Sle s Gl 00 B A 5 YAFe b V) 05
(bliszis 001+ BVFY 5 A¥ee Yo ) 035 slacyisly

G

PleS 5 (2 f e S 5
tlists VYA V95 5 ailate (sl yus 3 gl i) olis
MR (i s ereS (T s Y gladdr) ol e
Gosl Odas MA 5 MB Sladdgod &0 s St ] 2
Slaised 53 5,555 palie (7 o) ool by Flad 53
XS o S pligie PYFA B OYY 1 a3 5l
23 S SIS ol e sl 5 gladges (Y Joax)
S 255 pSike DLL 5 ¢lads slaaain SILI
A 5ls C\;JJE Odae dagdd 050l 5 gladipad & ol
Yoo BVee 05505 g5 Sbagisl s doms oo Ol bnanlllas
(Demovic et al. 1972; Pentecost 1993; .l ,i.3 ¢\&i@3
ke 5ol sk ged 45 ied . Sle Claes et al. 2019)
Uiss sboisls b5 plee MY e
Cosl aslie (Pentecost 2005) sl Lo 55 05 1 Ss 3100
adbis gladi gl o r_:nlS B NJS ol (7 Jsu)
Gl plig VWY BT 5ol VLY e
ol Lo o d3g,Seslbl pslie (5 Y gladsd)
Y 510550 5 slarssysl s o f’«s !, (Pentecost 2005)
tlozs MWV B) 510558 slaciosl s 6le s ol VY9
Slaaised o medls s Sl (Y Jsdr) Conl e
V) Sl sbSal Sl i Gl #YA) ks
O o) sl (lig g /1Y) Gl sy ks 5 (ol o s
o dadar Blas Lpad 4 edlS 5 p5 S ol o 2l



£0 OL,Sen 5 o3l 50enl ol fle

(G5 lmglsD) 4l (55515 slassis baims ST oo Lo 5 sk 55

Wl b Sy 5l ol COp lisl 5 it L
(Teboul et al. 2016; Beradi et al. 2016; Karaisaoglu and
3Ly pladl 51 5L Wl 5 e 8°0 i p3lie 5 Orhan 2018)
587C) O s 5 g0 S sla 55 ol e sdle 1Ll
3 g 5 s gl Gl Sl ol (Sae 8°0
580 588C Sas sk a pl pl 8 g 2yl
(Kele et al. 2008; Karaisaoglu 5 5 o e Lblo S 5 Ol

and Orhan 2018)

G V/ES e 3l ol p Sladi 53 57°O(PDB) (55,
St BV /0) e 1 slals dad yas $C(PDB) oy S
ol J.E.'n)'l ladisad ol das oo Olis a5 )ls J:.a)g: VYV /40
sasols Wlg e 8°C by pslis Lz e 3°C
S5S b kie COp s Lo L Jlw bl

S5 5 5 Sl (Sl slaasl b sl ol dacls S

(Cal:calcite; Arg: (el g g o » <ile) o3 Alate 5,50 5 sladiged S 36 olis 5 SleS (8 ol ols clils -Y Jgus
aragonite: Q:quartz)

Sample T1 T4 T6 T7 M1 M4 M6 R1 Q1 Q2
mineral Cal, Arg, Q A(r:;,I’Q Cal, Q A(r:gilb Cal, Q E%IJ Cal, Q Cal, Q Acr:gilb A(r:él,lb
Ca 550000 540000 520000 500000 480000 490000 490000 530000 520000 530000

2 Si 24150 23200 22000 21500 3258 3547 3215 14025 16028 15214
g Al 2804 2128 2343 316 301 256 661 1023 432 3090
ﬁ Mg 2178 1835 3101 1732 743 959 1026 2075 1891 7226
% K 487 220 558 100 100 100 100 100 100 1325
= Na 959 875 1211 547 100 276 123 267 1053 2663
Fe 23642 21731 5788 5179 14025 3527 4554 10580 38251 9088

Mn 312 378 247 305 541 103 153 190 253 186

S 6248 5409 5127 5595 214 413 123 1530 5987 4757

P 245 130 89 53 61 60 59 172 71 186

Sr 513 418 432 439 318 1289 166 432 600 550

é Ba 68.0 53.0 43.0 31.0 19.0 19.0 19.0 29.0 46.0 41.0

£ Be 7.30 5.30 1.60 1.80 5.40 2.90 1.40 1.60 6.60 1.50

w Ti 144 85 112 8.00 7.00 7.00 29.00 42.00 8.00 142
é Ni 6.00 6.00 9.00 4.00 4.00 2.00 3.00 7.00 4.00 10.00
s Zn 69.00 52.00 22.00 26.00 33.00 22.00 8.00 38.00 83.00 30.00

= Pb 2.00 3.00 2.00 0.90 0.80 2.00 2.00 0.80 3.00 2.00

® Cu 5.00 14.0 18.00 4.00 3.00 5.00 8.00 5.00 2.00 6.00
§ Cr 13.00 7.00 5.00 4.00 4.00 2.00 4.00 8.00 14.00 11.00

= Cd 10.40 9.90 2.80 2.80 1.20 2.10 3.60 5.70 21.10 3.20

U 0.30 0.30 0.30 0.30 0.20 0.50 0.20 0.20 0.10 0.20

Th 2.49 2.31 2.29 2.13 2.14 2.12 2.18 2.22 2.15 2.40

La 8.00 7.00 7.00 7.00 6.00 7.00 7.00 7.00 6.00 8.00

Ce 11.0 10.0 11.0 9.00 11.0 9.00 9.00 10.0 8.00 11.0

Pr 1.04 0.91 0.97 0.78 0.77 0.77 0.83 0.83 0.78 0.96

a Nd 4.50 4.00 4.20 3.50 3.50 3.50 3.70 3.80 3.50 4.20

é Sm 1.26 1.16 1.16 1.03 1.03 1.03 1.08 1.08 1.04 1.18

uij Eu 0.21 0.18 0.18 0.15 0.15 0.15 0.15 0.16 0.15 0.18

£ Gd 1.24 1.08 1.07 0.93 0.95 0.95 0.98 0.99 0.95 1.07

ﬁ Tb 0.12 0.11 0.10 0.11 0.08 0.09 0.08 0.10 0.11 0.11

% Dy 1.16 1.01 0.96 0.83 0.87 0.87 0.87 0.9 0.89 0.98

hd Ho 0.09 0.09 0.09 0.08 0.10 0.10 0.09 0.11 0.09 0.09

Er 0.55 0.44 0.39 0.32 0.37 0.36 0.34 0.37 0.39 0.42

Yb 0.50 0.40 0.30 0.20 0.30 0.30 0.20 0.30 0.60 0.30

Lu 0.08 0.05 0.09 0.09 0.05 0.09 0.08 0.07 0.07 0.09




WA Ol cpslazr o sled WV gl o)l € ooty 5 (oo Sl ¢ ol sy 5 (650 sla 2053

55

(sl 3.:.«_;.3‘ 2> pole [_,.‘v“ 3l ol jen & J.q..:vjéi sl s a5 AAJ‘_;}:S/A)'L.U‘ sols 2 "ﬂga'\.:.a 9 Kb (LS olae Y Jdad=
s (M) 035 5 (T) 83505 Slaciogl s s2sime 5 Sler slasal

Average
Continental Limestonne
. Crust Turekian M (Pentecost T (Pentecost
Sample Min Max Mean (Wedepohl e (2005) (2005)
1995) Wedepohl
1961)
P Ca 480000 550000 520000 42400 - - -
S Si 3215 24150 18500 277000 24000 140-22000 100-32000
g Al 256 3090 1335 82000 8500 100-15000 410-8200
w Mg 743 7226 2276 23300 47000 180-8000 60-35000
S K 220 1325 647 20900 2700 147-5500 8-5500
'g Na 123 2663 886 23600 400 200-1300 7-2940
Fe 3527 38251 13636 56300 3800 46-4000 50-37000
Mn 103 541 266 950 1100 5-1600 8-3400
S 123 6248 3540 350 1200 240-14000 14-7400
P 53.00 245 112 1050 400 8-950 9-220
- Sr 166.0 1289 370 370 610 9-2930 20-14000
§ Ba 19.00 68.00 36.00 425 10.00 2-10000 2-32000
E Be 1.40 7.30 4.20 2.60 - 0.05-1.2 1.4-15
'-': Ti 5.00 144.0 58.00 5600 400 30-2730 0-3000
2 Ni 2.00 10.00 5.50 20.00 12.50 4-116 1-15
s Zn 8.00 83.00 38.00 70.00 17.50 4-680 5-98
2 Pb 0.80 3.00 6.50 15.00 6.50 2-31 2-228
; Cu 2.00 18.00 7.00 55.00 6.00 0.5-192 12-132
E Cr 2.00 14.00 7.20 102.0 10.50 1-117 1-146
Cd 1.20 21.10 6.28 0.10 0.70 - -
U 0.10 0.50 0.26 2.70 2.30 0.4-0.7 1-500
Th 212 2.49 2.20 9.60 1.70 0.1-04 0.001-1/1
1000 1 !
LREE 5 HREE —C
H —_—0Q1
® i M-6
E I e R-1
& p @ M-4
= I
O . ——M-1
— 1
%_ E T-7
% ! T-6
)] 1
: e T-4
' T-1

La Ce

Pr

Sm Eu Gd Tbh Dy Ho Er Yb Lu

(Sun and McDonoug 1989) < ,uiS palis b el bxinay g ;31 dilais (3,50 5 sbadisod 3 (S ol ol Susl, o8 -7 K

AL a5 Pl ks s -F Jodx

Sample 8 °C%(PDB)  6°Cicony 6 '°0%(PDB) & °0%:(SMOW)
T-1 +11.80 3.66 -8.80 19.39
T-6 +11.95 3.84 -8.74 19.47
T-4 +10.01 1.51 -9.72 18.19
T-7 +11.14 2.87 -9.09 19.01
T-A-18 (Roshanak et al. 2017) +11.42 3.20 -8/02 22.59
T-A-20 (Roshanak et al. 2017) +10.02 1.52 -7/66 23.03




1% OL,Sen 5 o3l 50enl ol fle

(G5 lmglsD) 4l (55515 slassis baims ST oo Lo 5 sk 55

CATT s sl il (,.UL? ol 5l ("Jvu‘i Yoo
S 2SS e 5 68 Sl h0s baeters 4 by
5ol el &Sl war sl plg g Ve s A
535 3 i e e 3 5l gk ged s RS
O 5 Y Sladsds) ol ol g VYA B VPR 5 PA VY
8354 53 el al il 53 el Slased s ek pad
Co s 5 g s (SalKn Lo U sl305,5 CATT
Sl il il sl Logas (V) S05) 05,8 13
DA (adS Ol L s B S ST Ol
(Rao and Adabi 1992; Minissale et al. 2002; &b ..
3 el cble 0s4sL; D'Alessandro et al. 2007)
3 XRD ol 5L s g 20 ST 2 SIS S 5
5 0Ll dala 4 by e gladisas 53 (Y J5d) ICP-MS
M4 & 50 &Ss)sbay ol §odsn nl SSUGL Elsd 3
sl ol 4 S BB sl et Oslas ) &S
5ol S ST ass 10 Sl e XRD =l el
033 Comd 355 4 e gad | el il Sl o 0
sl i s cellS @ cs ST LS el
oS ole e il Sas Blasl s e SO s
(Barbieri et al. 1979; 4ol ol bad sad iin 3 V.“m;ljz.ul
Sole J_<i> Q.Q .Minissale et al. 2002; Pentecost 2005)
sxlinad L sl 5 Lie Sose SIS 6l Ol oo &S oo
G e (pl (Claes et al. 2019) ol o jzie 3 S
(Teboul et al. Jool> sl 3 Lite b sbacKaw 5l (o350
sl S L U CATT slawised L3 O slie 5 2016)
tls OV B YY) Sopdoms 5o andl )} Chaine des puys
(A S2) (Teboul et al. 2016) ol ol 35058
Limagne aikw (clad sal s ek Slsee (il pesdle
b # 85500 5> 5 Chaine des puys dikie 51 oS auil b
Lo b slawigas 53 A JS8) ool ize ol g TA
st (Gasis 1) oy Slpme Ysems (23l 50
S Sl e ) oslial (ol by sl (S Silatogn

==

S5 g Sk by s b K S )y
A3 Aakte (sla sl 5 (s i

Sosls sbaig 55 SO ST 5 CodS 53 e ols
es Lgd e s5,5 (CATT) IS4 walsl s S B
LbLo,ls Lie oK 5 Likse g1l Sl S5 51 ol
50550 5 Jbgeods (Sidadke gl
It Gl L5 0555 L (Hypogean)
L L 0550 (Epigean) 51505, 5 U st 2
(Teboul et al. 2016; Mohammadi et al. 2018; Claes et al.
adlass ;e Gladises 3 3K 5 el ae 2010)
5 erind St Ypeme s 0L e (Koo
Il sl ge cailaie S gladls 5l e o s
S yedd oty s 53 5 Jom 5 L L) (ool alax D)
Grieids o2l b (S 5 SOl S ol en 4 ER 5 pH
JCWPEE PR S slse b ool 5 oS (o050 3 . duS
DI 3 il 5 e OBl Sl g b B il LS
(Minissale et al. 2002; X 5i CundS &3 5505 550>
53 35 pslie 03 0S Pentecost 2005; Claes et al. 2019)
aibae 55 (IS gy 5L G SOl el S
0L 5 s #S (Ozkul et al. 2014; Claes et al. 2019) &l
SSosba dars,sl s s Llesls OLAS (Caboi et al. 1991)
5 el B3 bl S L Al 5 cnds L 5K
el e Sres 5 s Gate g3l sl Ui
Sd= U Ols o baposl s 5o o8 pole olis aas 5l
S el 35S saseia L T 05005 g% b 03505
i s Gl el sl s eedlaal lased
S oo ealiial il L K Slos S 5 SJydn
&l (Teboul et al. 2016; Asta et al. 2017; Claes et al. 2019)
Vsans ool 5 bags s o ST SaSin 5,5 i yoi
L5 el 5 Gelign Vo Sl S) oS sl sl
5 S L b glaSen Wl (oligm Frr 5l i)



YA utmﬁ‘) ‘CJLP"- OJL\.:' LW&:\:% B‘)L&..::' grg-;w &»JL« L‘S.»ug)w))é)&ﬁlﬁ 6‘*&"351

FA

dador o0l Gladiged s e OLE 1) OF 545,855
JS8) W ls (s 28 REE slie (T7 5 T6 (T4 T1) ol
5l Kb anis ol O S STy saasOlis oS (5
Wl BIsJ B datir 4y S e a4 O e 3500
Sbagiosls b8 it Ol e REE SISl asliza L
dile s 53 S0l 5 JLL ol Sl ol Az
el pusls slaid s e B8 wdl
> SYb sl Ol b dle st glaoT Sl plsd 3

S o gy i slas 5 Lite ga K

(Teboul etal. Jw, o b a4 abte Ciliss L L CATT
Vs 53 ook sl 13T 3505 (sl gl 2016)
L slatiped 5 e pl pslis alie &S Al ol pa V' U
Gl S5y 5l A K8 el shos,s gbolk S L
23 Ko =0l Sy s S Ul r S 0L ol
5 byl laaddlee 55 eslinal Slaiiysl 5 gladais
Ol a8 5 &S 5ely o551 5 s (Uysal etal. 2007) o ,Sen
S b awlie 53 baazig opl 53 REE ke el ool
o5 sl REE (sl S0 (clls iy 5 5 3,8 S5 sloles
S bl soods Jlw S olans JiSTy oS ol

..............................................

1000+

Hypogean CATT from
100000 gea“ carbonatites
wy©e°
E 100001
(<% Hypogean CATT from __uee
= limestones and evaporites Hypogean CATT from g
) and dolomites mafics and granites _ag
§

Log Ba(ppm)

sl 5ICATT (sl (plimy ) gl ol 212 55 (plin ) gl 2l sl ses -V JS2

Q‘)_xx.?l_o Sl A.L.:nu.a:'v..in)b}a.;w‘ SI o yliw C.-A}\.GL}*:-J'AT ‘5‘.&43_’.“5 s‘;.s.é‘,»‘ulw

(Teboul et al. 2016 ;|



#4 AL o3l 3panl 1l pligy

(G5 lmglsD) 4l (55515 slassis baims ST oo Lo 5 sk 55

Hydrogeologic reservoirs

CORBOOD

< 10

Log Be (ppm)

B Epigean CATT from carbonates

< Hypogean CATT from granites

A Hypogean CATT from carbonates and granites
B Hypogean CATT from mafics

O Epigean CATT from ultramafics

@ Azarshahr travertines

100 1000

=50 ez FL pl e ek el e A ISS
5 e bl 51Uy 5 30,0 slaa s 53 (K554

(Teboul et al. 2016 ;I o ,uis L) ,gi,57 dikie slads gos

BT e 835doe 55 Lol 87°C Oline Ygame 45 3 S iplas
S sl (Pentecost 2005) el fwnp A ke
e 5l ke palie g1 didate glags sl 5 87°C(PDB)
Gl 45 das o OLES 1y Lo VI/A0A oo B V00 Y
Syl (F Jode) caulbaaiy nl 05505505
Oisme laaiig & Cond G oo mis 05505
S5 slacld 5 Slaasl Gbt b Las 5 a0l
(D'Alessandro et al. 2007, Borgi et al. 2014; Ll o

Karaisaoglu and Orhan 2018; Rodriguez-Berriguete and
Loy adbw tlewe; slaasdlls Alonso-Zarza 2019)

Ol (Taghipour and Mohajjel 2013) e 5 g A&
Cosbre 53 Slian] 5 SO glacdld das e
slaaig suasdMoul SV |35 5 o5l 5 slaandy
bl B b S s Sulysl e boadkn BL S
L oadsl Jsloes by (M gy 55 rzman lilanils

& s

b5 el g3l Alate glagisgl s ses,

DS S50 Wi s 5 97932
3) 35 4 G SAwSles endgl Sl 11 el s
(Pentecost 2005; Beradi et .S e (’*‘“‘“ 05k 5 U590 5
Oisme slacs,sl s al. 2016; Mancini et al. 2019a)
Gl b (6 imas| COp 2Ty 3o b 5l 4 Ll placisl 5
Ygomn Lagissl 3 cnl g oo JS05 S3L B unn
el s slge Slgmme sl Sl Jolss lols 5 05
51 Glessdos gl SPC(VPDB) op S oS5 5 ool 5L
slaciosls IS s e Ol 1) o s i VY it
(Kele etal. ol Lo o slsa sl olye b loges 0550
S Wl glacs sl WOise s glagiosl s S =5 2008)
os e Ll il gl bl o sl Ve
= b s ol sladnl 1T oSSl
e 3°C 51 e s 2,8 RSPV CRVIN



WA Ol cpslazr o sled WV gl o)l € ooty 5 (oo Sl ¢ ol sy 5 (650 sla 2053

ol tol e b AIVY i B V/PP b 85 gde 3
S s cwlacly S 51 ol g5 SOl Dl Sl asls
el gl els sy Ol S Obe Slipes (6 e
SBC Cpspl sleesls 5l 550555 800 Oyl slaesls
3w Ol e ol cpl s S5 Jelse 5l el S
30 05nSI L alu S gla SIS bl 53 555 ge 05
(Pentecost >.S o,Lal 335U dyl b oiman 5 O IS ga 5
YA O3Sl 595l & 25 oaeen 2005; Claes et al. 2019)
Wyas $lp ol Of L 65l Oledbl susSOl
A i 350 80 O sl Vpems glad s> 5 slac]

(Hoefs 2004) L ls Joo 5 O 2w

ol e L oadS SO s glaassl gledle
03,5 53 il SlacSsl s sdueny waoonll il Lo e
Sk als A JSE > s B4 e 05505
8C(VPDB) w5 laped L anllass,se (slawises
Ly St Sl gl S e s bl
wam gl ol old aslie o3 S 4l (Pentecost 2005)
flate ladd 503 87°C Sl ok Eials 355 e edaline & IS
Sl U5 SLoisls b pasie Glines 0230
i Sl sdascisw, laaeis Ol L
o OSS1s 5l 6 COp S S fem 5 5 S Ll
(Karaisaoglu and ol Olsee K 5 CO, 31 o6 VL
s3] dilae slad 503 81%0 550 alis Orhan 2018)

all
D Global Thermogene Travertine (Pentecost, 2005)
fj Azarshahr Travertine
:
1 1
1 1
T = T il
-20 -10 0 10
8" PDB)
=
o [ .
I | I I |
-30 -20 -10 0 10
8180(PDB)

Sl 05385 sleissl g () 8°0 5 (N 8C palas ls pos -4 I

5,51 dddata b 4wslie s (Pentecost 2005)

Ll b alejl SSUS sl 5l LIS o SaShss
LV VI SO K Wi IR PRR WPt JL S N

o2l ,> (Pentecost 2005; Beradi et al. 2016) LiL ol (31l

g5 Olsie OF ol S gy 5l S

Lie e oS pade L sl sbaiy

s sl g5l baesls 3l eslaal b SALShiss



V) O, o150l pligy

(5 Olomls3D) el il laanig sdns LS55 jobe Late 5 Lt 555

Glacysls 53 3°C(COY) pslis 55 Laseie Oly
slalizs 5l ol 5uin 351 813C(COY) Hliie 4 s ailaa
sl COp Sltie il 5l sdims g OLE ilsl b 1,30
LSl S S s S slaisls 5l Kl s
8C(CO,) 3l lspes bl (Hoefs 2004) AL ol
JS8) cxtls, COp Liie oy w0 Ol5 e 80 1 o
Dlssed wlul s (Milivojevic and Martinovic 2003) (1 +
e o5l sladises 800 Ll 3 3°C(COy) slis
DB edipdasds BlyS b tsadme 3 gl
ol e 3l ol 8C(COy) samsilis 8 4,8
53 88C sbj slie (0 K8) cd Sl S glaKan
o 3 Vet sl sles oS ds ilin sla gt
s 5l L gbSl ol glaanl s 5l cp SaSles
(Milivojevic and Martinovic s 55 o 50 ui.af s

2003)

(Panichi ¥ dlail; 5| o SeSliss Lite i shaneey iy

L% oslaiw! and Tongiorgi 1976)

8"C(CO,) =1.2 8"*C(Travertine) -10.5 (Y) i,
Ko 55 06 xS o311 87°C 5l esbinal L el ol s

Lol Sl eddsl3l p SawSles 87°C luis Ol o o505

sy &S pladigel 55l 5,005 cadia Ol s

oo onl 4 e s gl dils 13 e Elas o

Tl L4 51 =l 55 (Kele et al. 2008) L j b

1 oslizal QLWL daia Slas I eddazils

3C(CO,) =1.2 11.8-10.5 &C(COy) = 3.66 %o
s 0 o Y58 T-1 & 5a5 g1 8C(CO,) luis

e ok S E D 5 58 ek sed b gl 5 el
5 adlaie gladga Sl edelwsay 3°C(CO,) sl uludl
SbSb w5l Jol o SaSTss Ypans oSyl war 5L
(Joon ¥ stn BV e 5505) §7°C oS Sl sl bl
(Hoefs 2004; Teboul et al. 2016; Claes et al. 2019) ..l

§"%0 (PoB)

- 1- 1 ||
O
..
- ®e
1 ] ] |
-6 -4 -2 0 2 4
13
8 Ccoz(pDB)

~Ss5LSL CO;, .\ (Milivojevic 2003) 30 i ,3 8"°C(CO) Lls gmed -V ¢ JS&
X (Blavoux et al. 1982) i34 —S—5LSL CO, .¥ (Fournier 1989) 535 54!
4:\:..;4,5 ‘5\.&& }:J‘,).\._.A 2.1.:..«}4.3 e.JJ:.J\:.\j.T CO, ¥ u.(._;\f;‘ K "JI CO,

508, CATT X il slalice Ko 51 glasl s
305, CATT ¥ eSalol oyl Lie S 51 (0550
30555 CATT 0 sl S Lo cacKin 51 (035 )

5ol S e pudl b aly S L S 51 (03509)

S| J??U Oalsglis s VY SS s

zy D0 5850 wl i iy, p L S s
ol s et il glaline K als S ¢
CATT .Y wwly S5 Lo Ko 51 (0552 31305 CATT )



WA Ol cpslazr o sled WV gl o)l € ooty 5 (oo Sl ¢ ol sy 5 (650 sla 2053 vy

Llosls QLA sdaze laasllbs (Culgys S o J 28
Olen Gl B 5 ST 0> 0 SaaSliss e Slal il s,
w4 Ooha aepl deld cpds SIS e
HO 5 CO¥ o ossnl B dolw 5l 5 &
(Friedman 1970; Fouke et al. 2000; Kele et .S o (5 .S 5l
53 O5sme Siasls Gl eiisa alies ol 2008)
bl o (Kele et al. 2008) sl Bolo anior las S5
zols (Valley et al. 1986) O)San 5 Jls (slaasllas
WS ssnl 3 8 COp oS 5 4 88C sl b
Sl gd e 03ls i Ol Bl S S Plsl b
At G Sl (S e (SAE s Gl s (S s
Wil GFC I ) sdd e COp o 2338 b
Sdi o 8°C alis 4ol wax 5L (Uysal et al. 2000)
21338 s e oLl _,@..SJST aabie cladiges 5 (oL
e il (Sus 28 pl Jstee A5 o leSe m e
S5 S e il s Sl gen) gt
Sl SiE x5 am ek L T g

(Guo and Riding 1998) s 4.5 - S

saasdlas WLul , (Teboul et al. 2016) (Salsl sl
s (0550 5) sl305,5 CATT (Pentecost 2005) —owlSiy
FC ol jurs gy Sl eslizal b 5 glTa (O3 5te) 51305 0
{(Teboul etal. 2016) 3,15 fus o ¥ i 5l 20 87°C uslis
sas0Ls (oo ¥ 51 2a) CATT L3 87°C sl slis
i3l dilaie 550l slad ped il (SI e o S wbe
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