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Abstract o i

High concentrations of carbon dioxide are present in the Gariz el ap bl Oyt wgin 1 38 glgal 5 (S anSTen ok cdale
aquifer groundwater and this phenomenon has led to many ol 008 a5 Lae @l bl dbmsl 5 ine ) ST CuisS yialS

environmental hazards. In order to determin the origin of Ao 1E lase bilE conle ..
dissolved carbon dioxide in Gariz aquifer, the groundwater has P Ao 93 (b 2y plezal )3 9290 Sl Canle (g polatens

been sampled from wells (35 samples) in July and October | <! #5e5 Y0 (Sldlls 08 (slaoly jIAYAA Jlo olojga g oloys
2019. Laboratory analysis included the concentrations of = (slagys cdale Jold 2ilejl iomiaw .ol odd Cullyy wejy;
major ions and stable carbon isotope (§"°Croic) in groundwater 51 2, .cuul iwejpj ool (83CT0IC) 30,8 b wosignl 5 kol

samples. Also some physicochemical properties of water have B odiess al€im 15 1 tein: el bl 5 s S
been measured directly in the field. On the basis of chemistry | S2°7%% FO2 0% 3 (Seein) Sl (ke 5 S sl

of the ions, the majority of the water samples have a chloride- | %9 5145 Cusl 043 aseie adllas (pl 3 sl o (5 S0l
sulphate  alkaline-earth  to  bicarbonate-alkaline-earth g Atk Slgwg S SB LB U aly, S SB SWE iS5 gl
composition and bicarbonate concentrations of groundwater GBS derg e a4 unjn; o sdiges wlu)S o cdale ol
samples have increased due to the presence of carbonate e eVl b ol dogi B Lals ool > i,
minerals in the aquifer as well as the significant interaction of = 7 & <%= ® UPO :"9’, S O 9 ) :
the aquifer with carbon dioxide-rich fluids. Hydrogeochemical sl b ol bM] 5 50d Ol 3685 ol adl 138 ) 40uSlis>
evolution of the aquifer groundwaters has also significantly U o ) plegul (b (olendeiis e oSS Wy, 35 CO2 3l e
COmrich fuids, Honce for imvestigating the oigi of carbon | <7 22 & 512 L g sions ] ol b 5
: ' ; gang g 05 9o S g ()3 pig05 (slod I b lgiea; 83Cco, plio

dioxide dissolved in the aquifer the theoretical 613CCO2values s | solis X SRR
have been calculated in equilibrium with collected L] (g5l Jae okl b g scal o dpslone (o559 50) Jolo5 a2

groundwater samples at respective sampling temperatures on &S cul opl Sl @l sl 4858 cw)py5e Jlme slajlS
the basis of the carbon isotopic balance and has been evaluated e clagls LML 5l s 505 flesel (5 dgnge 3,8 aeSTied

using the dissolved gases mixing model. The results S 1S Lasil L ol tee Liie LAY - e e e
highlighted two main CO2 components: 1) an inorganic deep o Sl e IV 00 4 o 0a3 2

sourced CO; (“C-enriched) and 2) an organic CO; (BC- = % b -cwlglyel b J“’l“’ 2 e ST (8 4y S od (&
depleted). Calculated pristine isotopic composition of C (-2%o  «(=Y %0 V-PDB) gwee Lite L ()8 adgl (a9l <S5 259l 4
V-PDB) that interacted with the aquifer indicated the = ,aiss5 51505 flosol tejpj slacl b ol )3 Gaes &Yl sdos
significant contribution from a deep source of carbon dioxide e B ..
inorganic in origin and decarbonation in calc-silicate rocks.
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Fig. 1- Geological map and location of the sampling sites (adapted from the NIR and DEHSHIR geological
(maps
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Fig. 2- Dendrogram based on cluster analysis of hydrochemical and isotopic parameters of Gariz aquifer
(July 2019)
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Fig. 3- Composition diagrams showing the concentration of a) Ca; b) Mg; ¢) SO4; d) HCOg; e) Cl; f) Na, in
July 2019
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groundwater, b) Saturation Index (SI) of groundwater samples with respect to calcite, dolomite, aragonite,
and gypsum
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Table 1- Chemical and isotopic composition of groundwater samples in Gariz aquifer.
728 olePl Gy ol Gdiged (a9l g (bowsd s i -Y Josa

TDS

EC

Sample Date 88Cwpic TDIC Na K Ca Mg Cl SO, Ak mg/l pH ms/om T°C
S1 Jul-2019 2.3 56.68 37.0 025 285 224 350 200 338 60011 6.3 9.12 225
S2 Jul-2019 17 5419 168 025 189 80 107 74 294 34031 6.1 4.87 22.0
S3 Jul-2019 0.7 4680 112 013 151 25 65 36 203 22533 59 3.22 21.0
S4 Jul-2019 -0.9 32.87 53 005 120 20 1.9 15 161 15199 6.1 2.15 24.9
S5 Jul-2019 0.5 2172 124 005 106 36 122 33 116 18762 6.4 2.83 20.1
S6 Jul-2019 -0.5 27.12 14 004 27 0.8 1.0 0.6 3.4 3838 55 0.54 204
S7 Jul-2019 1.9 5.41 297 008 129 63 310 121 47 30397 71 4.89 22.2
S8 Jul-2019 0.1 2466 59 005 102 15 58 32 86 12508 6.0 1.87 22.6
S9 Jul-2019 -5.6 3.83 41 006 28 0.8 3.3 1.7 25 5255 64 0.80 22.1
S10 Jul-2019 -9.2 3.28 22 003 49 2.9 4.7 2.0 3.0 650.2 7.1 1.01 215
S11 Jul-2019 1.6 3254 163 013 224 149 288 81 153 33870 6.3 5.35 22.8
S12 Jul-2019 n.m. 2846 65 0.09 143 94 109 35 138 19663 6.3 3.05 233
S13 Jul-2019 -0.5 7.99 181 003 109 38 160 116 57 21688 6.8 3.40 21.4
S14 Jul-2019 2.6 4518 250 0.06 440 120 484 80 237 51804 6.1 8.14 214
S15 Jul-2019 14 56.86 184 0.08 293 97 240 6.7 248 38370 6.3 5.89 23.0
S16 Jul-2019 0.0 1608 75 006 227 54 46 17 283 26777 6.3 3.87 220
S17 Jul-2019 -0.9 4479 124 0.06 199 52 160 134 87 25147 65 3.87 194
S18 Jul-2019 -0.8 4959 147 015 89 48 99 45 147 20575 59 3.07 231
S19 Jul-2019 -0.2 5762 184 007 132 39 8.5 76 229 28111 6.1 4.02 22.2
S1 Sep-2019 2.3 5048 337 023 272 201 313 167 337 55552 64 8.42 211
S2 Sep-2019 0.8 4883 168 025 190 84 108 7.2 249 31226 6.1 4.67 18.3
S3 Sep-2019 0.7 3276 111 011 150 30 59 32 204 22061 6.0 3.19 19.3
S4 Sep-2019 -1.1 16.10 51 006 117 18 1.9 15 16.2 14984 6.2 2.10 225
S5 Sep-2019 15 489 122 005 105 35 118 32 117 18482 6.8 2.78 20.5
S7 Sep-2019 2.2 2660 299 006 130 6.2 321 124 42 30650 7.0 4.88 21.6
S8 Sep-2019 -0.4 3.36 56 004 99 15 58 31 86 12245 58 1.81 227
S10 Sep-2019 -9.7 42.36 20 005 46 2.8 4.5 1.9 2.9 6288 7.2 0.96 21.2
S11 Sep-2019 -0.5 2821 152 012 216 137 278 7.3 184 34472 59 5.21 227
S12 Sep-2019 -1.3 8.03 6.7 009 144 95 104 34 139 19582 6.1 3.06 23.9
S13 Sep-2019 -1.0 4653 202 003 123 43 165 117 58 22811 6.7 3.65 20.5
S14 Sep-2019 1.8 5947 257 007 432 121 511 88 240 53510 5.9 8.23 21.1
S16 Sep-2019 -0.1 1480 74 007 225 52 46 18 296 27489 6.0 3.89 219
S17 Sep-2019 -0.6 4364 93 005 133 37 96 78 66 16630 6.3 2.64 20.1
S18 Sep-2019 -0.2 36.87 144 015 87 49 107 48 149 20857 59 3.02 211
S19 Sep-2019 1.2 56.68 18.0 0.09 151 44 8.7 71 23.0 28280 6.2 4.10 21.7

All ions concentrations are expressed in mEq/L.

Total Alkalinity (AIK) is reported as HCO:s.

Carbon isotopic compositions are expressed in delta per mille vs. \V-PDB.
Total dissolved inorganic carbon is expressed in mmol/L.
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Fig. 5- Measured TDIC (Total Dissolved Inorganic Carbon) contents in groundwater of Gariz aquifer,
plotted vs., the corresponding calculated 613Cc02, assuming the achievement of full equilibrium condition
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theoretical mixture of deep inorganic COz with 8**C¢o,= —2 and —4%. vs. V-PDB and organic **C-depleted

(813C¢o, < —20)
99! IO (1558 U suidmlne 813C o, (g) Jile 43 0uwd (558031031 (JS Jolome (JT p (3255) TDIC ,lngei —0 JSW
=Y) I o 0w GE 9y BWAT 0158 swidd i (s s v 415 wdiged (slod jd (35 5B g gwejy; & oo

Caw! (813CC02 <—Y’) ‘3] b-\M} ‘:QJ C,.g)S 9 (%0 —f 9

YFo o bl oF 0 lows qeaid Jlw (3l pol Of golio coliding
Volume 17, No. 2, Summer 2021 (IR-WRR)
vy



50°C
m 0 1 100°C
_90,
N
S 150°C
]
0 Q@ “\200°C
e
9 250°C
© 10 - 300°C
350°C
_15 T T 1
0.001 0.010 0.100 1.000
HCO,/TDIC

Fig. 6- Isotopic composition of 813 Cypjcvs. HCO3/TDIC ratios with pristine §'3C¢o, o Value equal to -2%o
%0 —T Lj ){‘ﬁ 613CC02(E) 4*’3‘ )‘-\iﬁ L! HCO3/TD|C w J-!Lib )3 813CTDIC ‘5)959}{“ %5)3 —; ‘_SM

s Ls’.b)'c}.’)f ol).o.m & dlm; Y lw ()—.’.I)%Lb. o
@ Gaes SVl Lol Lite o)l Jlo 51 ) w6l —SI

sl lozal o yms

1- Istituto Nazionale di Geofisica e Vulcanologia,
Sezione di Palermo

2- Total Dissolved lon

3- Decarbonation

4- Mantle Delamination

5- Fractionation Factor

6- End Member

7- Pristine Isotopic Composition

&lp-0

Aali J, Rahimpour-Bonab H, & Kamali M R (2006)

Geochemistry and origin of the world's largest gas

field from Persian Gulf, Iran. Journal of Petroleum
Science and Engineering 50(3-4):161-175

Alaminia Z, Tadayon M, Griffith E M, Solé J, & Corfu
F (2021) Tectonic-controlled sediment-hosted
fluorite-barite deposits of the central Alpine-
Himalayan segment, Komsheche, NE Isfahan,
Central Iran. Chemical Geology 566:120084

Atekwana E A, & Krishnamurthy R (1998) Seasonal
variations of dissolved inorganic carbon and §13C of
surface waters: Application of a modified gas
evolution technique. Journal of hydrology 205(3-
4):265-278

Nl 355 3 A (e Ao 353 oy e el
5l yeind S ales 5 Lol (gl St shzel )3 res
5 ond sude OVl a8 deb o blitwl cpis o] sladdliy;
Oialee 35,5 0y 4 aldeS I puitne jobods Ale o dldeS

Gager g aoMs ¥
ST a8 amd o Lt olews5,ud Slallas I srelcunda gls
—SB oW b sl S - SB oUW S5 b O cladiges
@ i ol sladiges S o clle g s gy i
gl ol Grizmen g plsel > LS Sla S sy cle
S95 ol 438l Gl3Bl )8 2l (i YL b el
el COp jl it sl b o bS] 5 olgsel & 50 slac]
b (alowdg en JolSS K9, oS 9 ciebae Ol S0 JHo
b olzel 1 Joloma (28 damSlis Ui gycnll ol 00 ]
5 «aonl P sy (il 89Cco, 0y I eslitl
@l Cunl L85 118 ) 3)90 Jslxe (slajl5 LIS (g5lo 1
2 ge (S weSld (S ol ke &5 aad e (LS
It Gree Lo L oa e lajl5 LISI 51 5 )8 sl
ol gzl b ol po T Lo 51 0,8 aaSTied HLisl b ol yor
Gros Lo (gl (38 20uS1o> 4g) (08 il oS 5 ke
035 33l 55 S sl Pl polel 1 glszel b el o
216> 3 d92ge (S Ayl (aignl G Sgygbay
V-PDB 5,lsilusl cows p =Y %0 39 )3 Gwes Lita b )8

YFo o bl oF 0 lows qeaid Jlw (3l pol Of golio coliding
Volume 17, No. 2, Summer 2021 (IR-WRR)

yYY



Journal of Volcanology and Geothermal Research
78(1-2):65-76

Deines P, Langmuir D, & Harmon R S (1974) Stable
carbon isotope ratios and the existence of a gas phase
in the evolution of carbonate ground waters.
Geochimica et Cosmochimica Acta 38(7):1147-1164

Delkhahi B, Nassery H R, Vilarrasa V, Alijani F, &
Ayora C (2020) Impacts of natural CO2 leakage on
groundwater chemistry of aquifers from the
Hamadan Province, Iran. International Journal of
Greenhouse Gas Control 96:103001

Emblanch C, Zuppi G, Mudry J, Blavoux B, & Batiot C
(2003) Carbon 13 of TDIC to quantify the role of the
unsaturated zone: The example of the Vaucluse karst
systems  (Southeastern France). Journal of
Hydrology 279(1-4):262-274

Fourré E, Di Napoli R, Aiuppa A, Parello F, Gaubi E,
Jean-Baptiste P, . . . Mamou A B (2011) Regional
variations in the chemical and helium-carbon
isotope composition of geothermal fluids across
Tunisia. Chemical Geology 288(1-2):67-85

Gaglioti S, Infusino E, Caloiero T, Callegari G, &
Guagliardi I (2019) Geochemical characterization of
spring waters in the Crati river basin, Calabria
(Southern Italy). Geofluids 3850148, 2019:1-16

Ghomashi A, & Haddadan M (2008) Geological Map of
DEHSHIR, Scale: 1/100,000. Geological Survey and
Mineral Exploration of Iran

Grassa F, Capasso G, Favara R, & Inguaggiato S (2006)
Chemical and isotopic composition of waters and
dissolved gases in some thermal springs of Sicily and
adjacent volcanic islands, Italy. Pure and Applied
Geophysics 163(4):781-807

Inguaggiato S, Martin-Del Pozzo A, Aguayo A, Capasso
G, & Favara R (2005) Isotopic, chemical and
dissolved gas constraints on spring water from
Popocatepetl volcano (Mexico): Evidence of gas—
water interaction between magmatic component and
shallow fluids. Journal of Volcanology and
Geothermal Research 141(1-2):91-108

Inguaggiato S, Pecoraino G, & D'amore F (2000)
Chemical and isotopical characterisation of fluid
manifestations of Ischia Island (Italy). Journal of
Volcanology and Geothermal Research 99(1-4):151-
178

Italiano F, Bonfanti P, Ditta M, Petrini R, & Slejko F
(2009) Helium and carbon isotopes in the dissolved
gases of Friuli region (NE Italy): Geochemical
evidence of CO2 production and degassing over a
seismically active area. Chemical Geology 266(1-
2):76-85

Kaviani A, Mahmoodabadi M, Riimpker G, Pilia S, Tatar
M, NilfouroushanF, ... AliM Y (2021) Mantle-flow

Baker J C, Bai G P, Hamilton P J, Golding S D, & Keene
J B (1995) Continental-scale magmatic carbon
dioxide seepage recorded by dawsonite in the
Bowen-Gunnedah-Sydney Basin system, eastern
Australia.  Journal of Sedimentary Research
65(3a):522-530

Barnes I, Irwin W P, & White D E (1978) Global
distribution of carbon dioxide discharges, and major
zones of seismicity. US Geological Survey, Water
Resources, Division Water-Resources Investigations
Report 78-39

Berhe B A, Dokuz U E, & Celik M (2017) Assessment
of hydrogeochemistry and environmental isotopes of
surface and groundwaters in the Kitahya Plain,
Turkey. Journal of African Earth Sciences 134:230-
240

Chaichi Z, & Haddadan M (2008) Geological Map of
NIR, Scale: 1/100,000. Geological Survey and
Mineral Exploration of Iran

Caliro S, Chiodini G, Avino R, Cardellini C, & Frondini
F (2005) Volcanic degassing at Somma—Vesuvio
(ltaly) inferred by chemical and isotopic signatures
of groundwater. Applied Geochemistry 20(6):1060-
1076

Capasso G, Favara R, Grassa F, Inguaggiato S, & Longo
M (2005) On-line technique for preparing and
measuring stable carbon isotope of total dissolved
inorganic carbon in water samples (313CTDIC).
Annals of Geophysics 48:159-166

Caracausi A, & Sulli A (2019) Outgassing of mantle
volatiles in compressional tectonic regime away
from volcanism: the role of continental delamination.
Geochemistry, Geophysics, Geosystems 20(4):2007-
2020

Chiodini G, Frondini F, Cardellini C, Parello F, &
Peruzzi L (2000) Rate of diffuse carbon dioxide
Earth degassing estimated from carbon balance of
regional aquifers: the case of central Apennine, Italy.
Journal of Geophysical Research: Solid Earth
105(B4):8423-8434

ChunsenD Al, Yan SO N G, & Jin-xing D A | (1996)
Multi-stage degassing of the earth in extensional
basis of eastern China. Petroleum Exploration and
Development 23(2):1-5

Clark I D, & Fritz P (1997) Environmental isotopes in
hydrogeology. CRC press

Clayton J L, Spencer C W, Koncz I, & Szalay A (1990)
Origin and migration of hydrocarbon gases and
carbon dioxide, Bekes Basin, southeastern Hungary.
Organic Geochemistry 15(3):233-247

D'Alessandro W, De Gregorio S, Dongarra G, Gurrieri
S, Parello F, & Parisi B (1997) Chemical and isotopic
characterization of the gases of Mount Etna (ltaly).

YFo o bl oF 0 lows qeaid Jlw (3l pol Of golio coliding
Volume 17, No. 2, Summer 2021 (IR-WRR)

yYY



Parkhurst D L, & Appelo C (1999) User's guide to
PHREEQC (Version 2): A computer program for
speciation, batch-reaction, one-dimensional
transport, and inverse geochemical calculations.
Water-Resources Investigations Report
99(4259):312

Pineau F, Shilobreeva S, Hekinian R, Bideau D, & Javoy
M (2004) Deep-sea explosive activity on the Mid-
Atlantic Ridge near 34 50’ N: A stable isotope (C, H,
0) study. Chemical Geology 211(1-2):159-175

Planavsky N, Partin C, & Bekker A (2014) Carbon
isotopes as a geochemical tracer. Encyclopedia of
Astrobiology: Berlin, Springer-Verlag, 1-6

Rueedi J, Cronin A, Taylor R, & Morris B (2007)
Tracing sources of carbon in urban groundwater
using & 13 C TDIC ratios. Environmental Geology
52(3):541-557

Sano Y, & Marty B (1995) Origin of carbon in fumarolic
gas from island arcs. Chemical Geology 119(1-
4):265-274

Scheffer C, Tarantola A, Vanderhaeghe O, Rigaudier T,
& Photiades A (2017) CO2 flow during orogenic
gravitational collapse: Syntectonic decarbonation
and fluid mixing at the ductile-brittle transition
(Lavrion, Greece). Chemical Geology 450:248-263

Schoell M (1983) Genetic characterization of natural
gases. AAPG bulletin 67(12):2225-2238

Whiticar M J (1994) Correlation of natural gases with
their sources: Chapter 16: Part IV. Identification and
Characterization. AAPG Memoir 60:261-283

Wycherley H, Fleet A, & Shaw H (1999) Some
observations on the origins of large volumes of
carbon dioxide accumulations in sedimentary basins.
Marine and Petroleum Geology 16(6):489-494

Zhang L, Guo Z, Sano Y, Zhang M, Sun Y, Cheng Z, &
Yang T F (2017) Flux and genesis of CO2 degassing
from volcanic-geothermal fields of Gulu-Yadong rift
in the Lhasa terrane, South Tibet: Constraints on
characteristics of deep carbon cycle in the India-Asia
continent subduction zone. Journal of Asian Earth
Sciences 149:110-123

diversion beneath the Iranian plateau induced by
Zagros® lithospheric keel. Scientific Reports
11(1):2848

Langelier W F, & Ludwig H F (1942) Graphical methods
for indicating the mineral character of natural waters.
Journal-American  Water  Works  Association
34(3):335-352

Liotta M, Paonita A, Caracausi A, Martelli M, Rizzo A,
& Favara R (2010) Hydrothermal processes
governing the geochemistry of the crater fumaroles
at Mount Etna volcano (Italy). Chemical Geology
278(1-2):92-104

Marty B, & Jambon A (1987) C3He in volatile fluxes
from the solid Earth: Implications for carbon
geodynamics. Earth and Planetary Science Letters
83(1-4):16-26

Mohammadi Z, Vaselli O, Muchez P, Hannes C,
Capezzuoli E, & Swennen R (2020)
Hydrogeochemistry, stable isotope geochemistry
and geothermometry of CO2-bearing hydrothermal
springs from Western Iran: Evidence for their origin,
evolution and  spatio-temporal  variations.
Sedimentary Geology 404:105676

Mook W, Bommerson J, & Staverman W (1974) Carbon
isotope fractionation between dissolved bicarbonate
and gaseous carbon dioxide. Earth and Planetary
Science Letters 22(2):169-176

Mufioz-Montecinos J, Angiboust S, Garcia-Casco A,
Glodny J, & Bebout G (2021) Episodic
hydrofracturing and large-scale flushing along deep
subduction interfaces: Implications for fluid transfer
and carbon recycling (Zagros Orogen, southeastern
Iran). Chemical Geology 571:120173

Nassery H R, & Raei M (2013) Nature and source of gas
specious in gariz aquifer (Yazd, Iran). Paper
presented at the 2nd International Conference on
Hydrology and Groundwater Expo, DoubleTree by
Hilton, Raleigh, NC, USA.

O'Leary M H (1988) Carbon isotopes in photosynthesis.
Bioscience 38(5):328-336

YFo o bl oF 0 lows qeaid Jlw (3l pol Of golio coliding
Volume 17, No. 2, Summer 2021 (IR-WRR)

YYY


https://www.sciencedirect.com/science/journal/13679120
https://www.sciencedirect.com/science/journal/13679120

