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Tiirkiye’de Yeraltisuyu Arastirmalarinda Gaz izleyicilerin Kullanim

N. Nur Ozyurt ve C. Serdar Bayari

Hacettepe Universitesi, Jeoloji Miihendisligi Béliimii, 06532 Beytepe, Ankara
(E-posta: nozyurt@hacettepe.edu.tr)

Coziinmils gazlarin yeraltisuyu arastirmalarinda kullanimi 1950’lerde baslamistir. Ornekleme ve
analiz siireclerindeki giigliiklerin asilmasiyla konuyla ilgili uygulamalarm sayis1 1990’lardan
glinimiize degin artig goOstermistir. Yeraltisuyundaki ¢6ziinmilis gazlar atmosferik yada
litosferik/astenosferik kokenli olabilmektedir. Kaynaklarindan bagimsiz olarak bu gazlarin sudaki
coziinlirlikleri molekiil agirlikliklart ile ¢dzeltinin  tuzluluk ve sicakligma baglh olarak
belirlenmektedir.

Yeraltisuyu arastirmalarinda gaz izleyiciler genel olarak; (a) yeraltisuyu gegis siiresinin
belirlenmesinde, (b) yeraltisuyu beslenim sicakligi ve yiikseltisinin belirlenmesinde, (c) yeraltisuyu-
ylizey su etkilesiminin arastirilmasinda ve (d) izleme deneylerinde, yeraltisuyu akim ve kiitle taginim
Ozelliklerinin belirlenmesinde kullaniimaktadir.

Yeraltisuyu arastirmalarinda kullanilan baslica gaz izleyiciler kloroflorokarbonlar (CFC-11, CFC-12,
CFC-113), Helyum (‘He, *He), asal gazlar (Ne, *Ar, **Ar), kripton (¥Kr, ®'Kr), silikon (**Si), klor
(*°Cl), radon (***Rn), siilfiir hekzafloriir (SF6)’den olusmaktadir. Antropojenik kokenli CFC grubu
gazlar ile yeraltisuyu gecis siiresi hesaplanabilmektedir. Asal gazlardan Ne ve Ar yeraltisuyu beslenim
kosullarinin belirlenmesinde kullanilmaktadir. Yeraltisuyunda atmosfer, manto ve kabuk kokenli
olarak iireyen helyum izotoplarindan, yeraltisuyu gegis siiresinin  ve derin kokenli
akigkanlarin/gazlarm s1g yeraltisuyundaki katkilarinin belirlenmesi amaci ile yararlanilmaktadir.
Akarsu boyunca gergeklestirilen radon gazi aktivitesi ol¢limleri akarsuya olan yeraltisuyu katkisinin
belirlenmesinde etkili bir aractir.

Tiirkiye’de yeraltisuyu aragtirmalarinda gaz izleyicilerinin kullanimina doniik aragtirmalarin sayisi
oldukgca sinirhidir. Onemli bir boliimii Toros Dag Kusaginda yer alan karstik akiferlerde yiiriitiilen s6z
konusu ¢aligmalarda yeraltisuyu beslenim sicaklik ve yiikseltilerinin belirlenmesi ile yeraltisuyu gegis
stirelerinin hesaplanmasi amaglanmistir. Bu ¢aligmada, s6z konusu amaglar dogrultusunda Beydaglar
ve Aladaglar karst akiferlerinin baglica bosalimlar ile Kdycegiz Golii'nde gaz izleyiciler kullanilarak
gilinlimiize degin gerceklestirilen arastirmalardan elde edilen sonuglar sunulmaktadir.

Anahtar Sozciikler: ¢oziinmiis gaz, izleyici, yeraltisuyu, gecis siiresi, karst
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Application of Gas Tracers in Groundwater Research in Turkey

N. Nur Ozyurt & C. Serdar Bayari

Hacettepe University Geological Engineering Department, Beytepe,
TR—06532 Ankara, Tiirkiye (E-mail: nozyurt@hacettepe.edu.tr)

Use of dissolved gases in groundwater research started in 1950s. Because of the difficulties in
sampling and analytical procedures, these applications have been limited in number until 1990s. The
source of dissolved gases in groundwater is either atmospheric or lithospheric/astenospheric. Their
solubility is governed by the respective molecular weights and by the salinity and temperature of
groundwater.

In groundwater research, the dissolved gas tracers have been generally used to (a) determine the
groundwater residence times, (b) to determine the recharge temperature and/or elevation, (c) to study
the groundwater-surface water interactions and, (d) to determine the flow and transport characteristics
of groundwater flow.

Major dissolved gas tracers used in groundwater research comprises mainly of the chlorofluorocarbons
(CFC-11, CFC-12, CFC-113), noble gasses (i.e. *He, ‘He, Ne, “°Ar, *Ar, ¥Kr, *'Kr, *Rn), silicon
(**Si), chloride (*°Cl) and sulfur hexafluoride (SF6). Groundwater residence time distribution can be
determined by anthropogenic CFCs whereas, noble gases, particularly Ne and Ar, have been used for
predicting recharge conditions of groundwater. Helium isotopes, introduced from atmosphere, mantle,
or crustal sources are useful for calculating groundwater residence time and predicting the contribution
ratio of subsurface fluids/gases in shallow groundwater systems. The only source of radon in
groundwater is the rocks forming the flow domain. This nature of radon let us help to evaluate
groundwater discharge rate into the streams.

The number of groundwater research studies that utilize dissolved gas tracers are limited in number.
Many of such studies that have been carried out in karst aquifers located along the Taurus Mountains
Belt and are aimed to determine the groundwater’s recharge conditions (i.e. temperature and
elevations) and/or its residence time. This study presents the results obtained from dissolved gas tracer
data in various discharges of the Beydaglari and Aladaglar karst aquifers and from the Koycegiz Lake.

Key Words: dissolved gas, tracer, groundwater, residence time, karst
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Eskisehir Yoresinde Meteorolojik Etkilerle Yeraltisularindan
Gaz Bosalimi Arasinda Gozlenen Degisimler

Galip Yiice', Tolga Yal¢in?, Nihat Adar’, Cenk Yaltirak” ve Didem U. Yasin'

! Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Boliimii,
26480 Meselik, Eskisehir (E-posta.: gyuce@ogu.edu.tr)
2 [stanbul Teknik Universitesi, Maden Fakiiltesi, 34469 Maslak, Istanbul
® Eskisehir Osmangazi Universitesi, Bilgisayar Miihendisligi Béliimii,
26480 Meselik, Eskisehir

Tiirkiye’nin deprem aktivitesi gozlenen bir yoresi olan Eskisehir’de, sismik aktiviteler ile bu
aktivitelerin akifer iizerindeki jeokimyasal ve hidrojeolojik dzeliklere etkisini incelemek iizere ¢ok
parametre Olcen diizenegi bulunan bes adet gozlem istasyonu kurulmustur. Bu istasyon yerlerinin
seciminde dis etkilerden uzak basingl akiferler ve derin dolasimli sularla iligkisi olan termal kaynaklar
olmasina dikkat edilmistir. Burada sozii edilen bes istasyonda, Mayis 2006 ile Agustos 2007 yillar
arasinda, sularda EC, pH, su sicaklii, redoks potansiyeli yaninda radon ve CO, gazi miktarlar1 ve
meteorolojik parametreler devamli 6l¢iilmiistiir.

Bu calismada, uzun siireli 6l¢iimlere dayanilarak, yeraltisularindan gaz bosalimu ile yagis, atmosferik
basing, nemlilik ve hava sicakligi gibi meteorolojik parametreler iliskiler verilmistir.

Anahtar Sozciikler: Eskisehir, gaz bosalimi, meteorolojik etkiler, hidrokimyasal anomali, ¢oklu
parametre gdzlem istasyonu
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Observed Variations Between Gas Discharges from Ground Waters and
Meteorological Effects in the Eskisehir Region
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Five multi-parameter hydrogeologic observation stations were installed. in one of the seismically
active regions of Turkey, namely Eskisehir in order to investigate the geochemical and
hydrogeological effects of earthquakes on fluids in aquifer. The general criteria applied for the
selection of stations were locations under confined aquifer conditions far enough from external effects
and thermal water springs that generally link with the deep circulating groundwater. Gas
concentrations such as radon and CO, besides pH, EC, water temperature, redox potential and the
meteorological parameters were continuously measured from these five earthquake monitoring
stations between August 2006 and May 2007.

In this study, according to the long-term observations the relationship between gas discharge from
groundwater and meteorological effects such as rainfall, barometric pressure, humidity and air

temperature are given.

Key Words: Eskisehir, gas discharges, meteorological effects, hydrochemical anomaly, multi-
parameter observation station
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Bati Anadolu Jeotermal Akiskanlarindaki Helyum
ve Karbon Izotop Degisimleri

Halim Mutlu', Nilgiin Giileg® ve David R. Hilton

! Eskisehir Osmangazi Universitesi, Jeoloji Miihendisligi Béliimii,
26480 Meselik, Eskisehir (E-posta: hmutlu@ogu.edu.tr)
? Orta Dogu Teknik Universitesi, Jeoloji Miihendisligi Boliimii, 06531 Ankara
3 Fluids and Volatiles Laboratory, Scripps Institution of Oceanography, UCSD,
La Jolla, CL 92093-0244, USA

Bu caligmada, Bati Anadolu bolgesindeki 12 jeotermal sahadan toplanan 8 adet su ve 6 adet gaz
6rneginin helyum, karbon ve oksijen-hidrojen izotop bilesimleri ile CO,/*He oranlari incelenmistir.
Calisilan sahalar Kuzey Anadolu Fay Zonunun (KAFZ) bati kismindaki Tuzla, Kestanbol, Can,
Hisaralan, Manyas ve Gonen ile Bati Anadolu graben sistemlerinde yer alan Seferihisar, Balgova,
Afyon, Gazligdl, Germencik ve Kizildere’dir. Akigkanlarin 0.27 ile 1.67 arasinda degisen R/Ra
degerleri (R= SHe/*Hegmex Ve Ra= 3He/4Hemm,sfer) kabuksal degerin (0.02—0.05 R,) iistiindedir. Yiiksek
entalpili sahalardan (6rnegin Kizildere, Tuzla) toplanan orneklerin R/Rs degerleri diislik 1s1
potansiyelli sahalarda 6lgiilen degerlerden daha yiiksektir. Akiskanlarin CO,/’He oranlar1 genis bir
aralikta (1.6 x 10° - 2.3 x 10'*) seyretmekte olup genellikle iist manto degerinden (~2 x 10°) oldukga
yukaridadir. Bolgedeki gaz &rneklerinin CO,/He oranlari sulara gére daha yiiksek bulunmustur.
Akigkanlarin §°C (CO,) ve 8"°C (CH,) degerleri sirasiyla —8.04 ile +0.35%0 ve —25.80 ile —23.92%o
(PDB) arasindadir. Jeotermal su &rneklerinin oksijen-hidrojen izotop bilesimleri (8'*0-8D) Akdeniz
Meteorik Su Cizgisi ile uyumlu olup meteorik kokene isaret etmektedir. He-C bolluklart ile karbon
izotop verilerinin degerlendirilmesi sonucunda, hidrotermal gaz salimimi ve kalsit ¢okelmesinin
jeotermal akiskanlardaki elementsel orani (CO,/*He) dnemli derecede etkiledigi belirlenmistir. Ancak
bu islev karbon izotop bilesimlerini etkileyen ana etken degildir. He-C izotoplarimi denetleyen asil
parametre ise manto ve gesitli kabuk kokenli ugucularin karisimidir. CO, biiyiik olgiide kabuk
kaynaklidir. Kiregtaglarinin karbonun baglica kaynagi oldugu diisliniildiigiinde (toplam karbon
miktarinin yaklasik %70 ila %97’si), kabuktan yayilan karbon mantodan salinan karbondan en az 20
kat daha fazla bulunmustur. Kabuga muhtemelen (agilma ile iligkili) manto ergimesi yoluyla aktarilan
manto kaynakli helyum, akiskanlardaki toplam helyum miktarinin % 21’ine karsilik gelmektedir. Bati
Anadolu akiskanlarindaki *He/entalpi oranlart (0.0009 ila 5.1158 (x 10° atom/J)) sogumakta olan
magmatik sitemlerden yayilan helyum ve 1s1 miktarlar1 ile olduk¢a uyumludur. CH4-CO, izotop
jeotermometreleri kullanarak hesaplanan rezervuar sicakliklari 334-371 °C arasindadir. Bu degerler
kimyasal jeotermometrelerle bulunan sicakliklardan yaklagik 100—150 °C daha yiiksektir. Bu sonuglar,
izotop degisim tepkimesinin denge durumuna ulasmadigini veya akiskanlarin yiizeye gogili sirasinda
gaz ilavesi ile izotopik dengenin bozuldugunu gostermektedir.

Anahtar Sozciikler: helyum, karbon, izotoplar, CO,/’He oranlari, gaz salimi, jeotermal akiskan,
Bat1 Anadolu
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Helium-Carbon Variations in Geothermal Fluids of Western Anatolia
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We investigate the helium, carbon and oxygen-hydrogen isotopic systematics and CO,/*He ratios of 8
water and 6 gas samples collected from 12 geothermal fields in western Anatolia. The geothermal
fields under investigation are Tuzla, Kestanbol, Can, Hisaralan, Manyas and Gonen on western part of
the North Anatolian Fault Zone and Seferihisar, Balgova, Afyon, Gazligol, Germencik and Kizildere
in graben systems of western Anatolia. R/R, ratios of the fluids (R= 3He/“Hesmple and R,=
3He/4Heammsphere) that range from 0.27 to 1.67 are significantly higher than the crustal value of 0.02—
0.05 Ra. R/R,4 values of samples collected from high-enthalpy fields (e.g. Kizildere, Tuzla) are greater
than those measured in fields with low heat potential. CO,/*He ratios of the samples change in a wide
range (1.6 x 10° — 2.3 x 10'") and are mostly higher than that of upper mantle (~2 x 10%). In
comparison to water samples, gas phase samples in the region are represented by a higher range of
CO,/*He ratios. The 3"°C (CO,) and §"°C (CH,) values of all fluids vary from —8.04 to +0.35%o and —
25.80 to —23.92%o (vs. PDB), respectively. Stable isotope values (8'*0-8D) of the geothermal waters
are conformable with the Mediterranean Meteoric Water Line and indicate a meteoric origin.
Evaluation of He-C abundances together with carbon isotope data indicates that hydrothermal
degassing and calcite precipitation significantly fractionate the elemental ratio (CO,/He) in
geothermal waters. However this process does not solely affect the carbon isotope compositions. The
mixing between mantle and various crustal sources appears to be the main control on the reported He-
C systematics of samples. CO, is mostly derived from the crust. Considering that limestone is the main
source of carbon (~70 to 97 % of the total carbon inventory), carbon flux from the crust is found to be
at least 20 times that from the mantle. The mantle-derived helium which is probably transferred to the
crust by (extension-related) mantle melting is found to range up to 21 % of the total He content in
fluids. The range of *He/enthalpy ratios (0.0009 to 5.1158 (x 10° atoms/J)) of fluids in western
Anatolia is consistent with the release of both helium and heat from cooling magmatic systems. The
temperatures calculated by CH4-CO, isotope geothermometry lie between 334 and 371°C which are
about 100-150°C higher than the estimates from other chemical geothermometers suggesting either
that equilibrium has not been attained for the isotope exchange reaction or that the isotopic
equilibration was disturbed due to gas additions en route to the surface.

Key Words: Helium, carbon, isotopes, CO,/*He ratios, degassing, geothermal fluid, western Anatolia
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Orta Anadolu (Tiirkiye) Karbondioksitlerinin Kokeni
ve Olusum Mekanizmalari

Hakan Hosgormez', M. Namik Yalgin', Tahir Ongiir* ve Umran Serpen’

! fstanbul Universitesi, Miihendislik Fakiiltesi, Jeoloji Miihendisligi Béliimii,
34850 Avcilar, Istanbul (E-posta: hosgorme@jistanbul.edu.tr)
? Geosan San. Tic. A.S., Biiyiikdere Caddesi, No: 27/7, 34281 Sisli Istanbul
3 [stanbul Teknik Universitesi, Petrol ve Dogal Gaz Miihendisligi, 34469 Maslak, Istanbul

Orta Anadolu bdlgesinde 1980 yilindan itibaren ekonomik olarak karbondioksit {iretimi yapilmaktadir.
Bolgedeki kuyularm derinligi 50 — 450 metre arasinda degismektedir. Bolgede Volkanitler ve Ust
Kretase—Eosene yagli temel kayalar1 daha geng volkanik birimler tarafindan ortiilmektedir. Bu birimler
sirasiyla; (a) temel kayasi (Kretase), (b) alt Eosene kiregtaglari, jips ve anhidritden olugmaktadir.
Inceleme alaninda 3 farkli dénemde meydana gelen volkanizma oldugu dnceki galismacilar tarafindan
belirlenmistir.

Bolgede ekonomik amacgli olarak iiretim yapilan karbondioksitin, kdkenin ve gazlarin olusum
mekanizmasinin belirlenmesi amaciyla dort farkl {iretim sahasindan gaz 6rneklemesi yapilmistir. Gaz
ornekleri molekiiler bilesimleri i¢in gaz kromatografisi (GC); karbon izotop bilesimleri i¢in ise gaz
kromatografisi izotop orami kiitle spektrometresi (GCIRMS) yontemiyle incelenmistir. Kayseri,
Aksaray, Karapiar ve Kemerhisar bolgelerinden alinan gaz drneklerinin karbondioksit miktar1 % 80.7
ile 94.3 arasinda degismektedir. CH4:+ miktar1 ise % 0.003 daha azdir. Karbondioksitlerin izotop
bilesimleri ise 8" Ccor — %o 1,76 ile %o 0,99 arasinda degismektedir.

Orta Anadolu bolgesindeki karbondioksit gazlarinin karbon izotop bilesimleri bu gazlarin organik
maddenin termal veya bakteriyel degredasyonu ile olusamayacagini gostermektedir. Izotop degerleri
karbondioksitlerin manto kokenli ve su kayac etkilesmesi sonucunda da olusamayacagini
belirtmektedir. Bolgesel jeoloji ve gazlarin molekiiler ve karbon izotop analizi sonuglarma gore
karbondioksitlerin dekarboksilasyon sonucunda olustugu belirlenmistir.

Anahtar Sézciikler: karbondioksit, karbon izotop bilesimi, gaz kdkeni, inorganik gaz
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Origin of Carbon Dioxide Occurrences in Central Anatolia (Turkey)
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TR-34469 Istanbul, Tiirkiye

In Central Anatolia economic CO, production is carried out since 1980. Depth of respective wells
ranges between 50—450 m. Volcanic rocks and Upper Cretaceous—Eocene basement rocks are overlain
by younger volcanics. Basement rocks are consisting of (a) basement (Cretaceous), (b) lower Eocene
limestones, gypsum and anhydrites. Previous studies suggested volcanic activity during three different
time periods.

In order to define the origin and the formation mechanisms of CO,, gas samples are taken from four
different gas fields. The samples are analyzed for their molecular composition with GC and for their
isotopic composition with GC-IRMS. The amount of CO, from Kayseri, Aksaray, Karapmar and
Kemerhisar fields varies between 80.7% and 94.3%. The amount of CHy is less than 0.003%. The

isotopic composition of CO, ranges between 8" Ccor —1.76%0 and 0.99%o.

The isotopic composition of investigated gases showed, that these gas are formed neither by thermal or
bacterial degradation of organic matter, nor by fluid-rock interactions. They are not of mantle origin
either. According to regional geology, molecular and isotopic composition, it could be concluded that
CO, is formed by decarboxylation processes.

Key Words: carbon dioxide, carbon isotope composition, gas origin, inorganic gases
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Mesozoyikteki Endojenik Maden Yataklarinda Akiskanlarin Rolii

Makhmudov Khikmet' ve Samedova Kamala®

Azerbaijan National Academy of Sciences, Institute of Geology, Geology and Mineralogy,
AZ 1143 Baku, Azerbaijan (E-postal: kamasamedova@yahoo.com)

Su ve diger ugucu bilesimleri ihtiva eden akigkanlar genellikle yerin derinliklerin yeryiiziine maden
degeri olan veya olmayan elementleri tasirlar. Bu akigkanlar ayrica kimyasal elementleri tasiyabilir ve
cokelmelerine imkan saglayabilir, magmatik eriyikte ¢oziilebilir ve bir ¢ok jeolojik prosesinin hizinm
arttirabilirler. Akigskanin sabit rolii vardir; kayalarin ve cevherlerin olusumunda da baskindir. Hem
petrojenik oksitlerin hemde litofil bilesiklerinin yeniden dagitiminda sivi haldeki akigkanlar énemli
olabilir fakat kalkofil metallerde bu yeniden dagitimda 6nemlidir. Ugucu bilesenleri arastirmak igin
Plajiyoklas’in Azerbaycan gaz-kromatografik ve dekriptografik aragtirmasinda karsilagilan iist—Jura
volkanizmas1 eriyiklerinin altin iceren bilesimleri diyoritler, kuvars dioritler ve riyodasitlerden
nakledilmistir. Gazlar ile yiiksek miktarda doygunluga ulastirilmig olan magmatik endojenik akigkanin
magmadan kolayca maden degeri olan elementlerin ¢ikarilmasinda, tasinmasinda ve fiziko-kimyasal
sartlarla birlikte uygun jeolojik kosullarda yararli bilesimlerin ¢okelttirilmelerinde 6nemli bir yol
oynadigi tanimlanmistir. Maden {iretiminde rol oynayan hidrotermal ¢ozeltilerin gaz evreleri CO,,
H,0, H,S, SO,, H,, ve CO ile temsil edilir. Altin-siilfit {iretim evresinin maden olusturulabilen
cozeltisi kuvars-sfelarit tiretilemeyen evrenin hidroterminden daha ¢ok gaz doygunluguna sahiptir. Isi-
ve kiitle-transferinde, fiziko-kimyasal olaylarin ger¢eklesmesinde, mineral olusumunda, vb.durumlarin
meydana gelmesinde ‘tagima’ sistemi olarak akiskanlarin rolii etkilidir. Hidrotermal sistemin su
bileseni tagimada 6nemli bir role sahip olmayabilir fakat bu sudaki ¢6ziinmiis bilesenler 6nemli bir
role sahiptir; jeokimyasal ve petrografik-minerolojik arastirma sonuglarina gore bunlar 1s1- ve kiitle-
tagima potansiyel zonuna dogru gd¢ etmektedir Maden igermeyen volkanik kokenli serilerde kaya
bilesimdeki degisimde bir zonlanma oldugu tanimlanmis ve bu zonlanma tabandan tavana dogru: daha
fazla akigkan penetrasyonunun sonucu olarak piiskiiriik kuvarsit-grapophyres-riyodasit-dasit olarak
siralanabilir. Diisiik egimli olusumlarda madeni degeri olan elementlerin yogunlugunun
belirlenmesinde kayaglarin bu serileri rol oynar. Biitiin bakir-pirit zonlar1 bu kayag serisinin altinda yer
almaktadir ve bu durum bu serilerin cevher-kontrol faktdrii olarak diisiiniilmelerine ve aym tip
zonlarin arastirmalarinda aragtirma Kriteri olarak onerilmelerine izin verir.

Anahtar Sozciikler: endojenik, cevher olusumu, altin, Azerbaycan
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Role of Fluids in Mesozoic Endogenic Ore Formations

Makhmudov Khikmet' & Samedova Kamala®

Azerbaijan National Academy of Sciences, Institute of Geology, Geology and Mineralogy,
AZ 1143 Baku, Azerbaijan (E-mail: kamasamedova@yahoo.com)

Fluids mainly consisting of water and other volatile components bring different ore and non-ore
elements to surface during transport from depths of ground. They are also able to transit and to lay
chemical elements, to dissolve in magmatic melt, to increase rate of many geological processes. Role
of fluid flows of constant nature and prevailing in formation of geological outlook of rocks and ores.
Water fluids can be important in redistribution of both petrogenic oxides and lithophile elements-
admixture but chalchophile metalls too. To study volatile components composition of gold-bearing
melt of the Upper Jurassic volcanism of Azerbaijan gas-chromatographic and decryptographic
research of plagioclase was conducted from newer kinds diorites, quartz diorites and rhyodacites. It
has been defined that magmatic endogenic fluid highly saturated by gases extracts easily ore elements
from magma, transports and lies useful component in favourable geological conditions accompanying
by physical-chemical conditions. Gas phase of ore-forming hydrothermal solutions is represented by
CO,, H;0, H,S, SO,, H,, CO. Ore-forming solutions of productive gold-sulphide stage (by example of
Gyzylbulag field in Azerbaijan) are more gas saturated than hydrotherms of non-productive quartz-
sphalerite one. Role of fluids is to form a single ‘transportation’ system where heat- and mass-
transport, physical-chemical phenomena, mineral formation, etc occur. Water component of
hydrothermal system can have no essential transformations while components dissolved in it migrate
towards fields of heat- and mass-transport potential as a result of conducted geochemical and
petrographic-mineralogical research (Gedabek are area) it was defined that there is zonation in rocks
composition change in non-ore volcanogenic series from base to top: apoeffusive quartzites-
grapophyres-rhyodacites-dacites formed as a result of further fluid flows penetration. This series of
rocks plays a role of screen for concentration of ore elements in low bedded formations. All copper-
pyrite fields are located below this rocks series and this allows to consider them to be ore-controlling
factor and to recommend it as search criteria for the same fields search.

Key Words: endogenic, ore formation, gold, Azerbaijan
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Kuzeybati Irak’ta Yeralti ve Kuyu Sularinda Kimyasal Ayrim Teknigi
ile Radon ve Radyum i¢eriklerinin Ol¢iimii

Muhsin W. Mohammed Al-Badrani

Department of Physics, College of Education , Mosul University, Mosul, Iraq
(E-posta: mohsenbadrani@yahoo.com)

Radyum ***Ra ve **’Rn konsantrasyonun kuyu sularinda radyum ve radonun kimyasal ayrismasindan
hemen sonra yapilacak oOlglimlerle saptanmasi genis c¢apli gevresel caligmalarda kullanishidir. Bu
calismada, dogal su 6rneklerindeki eszamanli **Ra ve ***Rn aktivitelerinin saptanmasi igin diisiik arka
plan likit kivilcim sayaci kullanilmistir. Kullanilan ydntemlerin ¢ok basit olmasi ve ucuzlugu likit
kivileim sayacanin avantajlaridir. Hemen hemen biitiin yeraltt suyu kaynaklar1 ile Nineveh
bolgesindeki sicak su kaynaklaridaki dogal radyoaktivite seviyesinin belirlenmesi ve radyosyonun
hernangi bir saglik tehlikesine neden olup olmadiginin saptanmast bu calismanin amacini
olusturmustur. Kuzeybat1i Irak’daki Nineveh boélgesinde 50 kuyudan alinan igme suyu
numunelerindeki **°Ra ve **’Rn nin etkinlik konsantrasyonlar: belirlenmistir. Nineveh’in genelindeki
kuyulardan alinan saf ve islenmis su 6renekleri raydum-226 ve radon-222 igerigi i¢in analiz edilmistir.
Analizler kimyasal ayrisma teknigini ve likit kivilcim sistemi ile tespiti igermektedir. Radon dogal
olarak olusan radyoaktif soygazdir ve populasyon tarafindan alinan dogal radyasyonun ana kaynagidir.
Radon kayalardaki radyum kalintilarindan tiirer ve direct olarak veya suda ¢oziilmiis olarak yeryiiziine
yayilabilir. Iragin Nineveh bolgesindeki farkli kuyularin 50-350 m derinlikleri arasinda toplam 50
adet alman kuyu suyu 6rneklerinde radyum ve radon konsantrasyon dlgiimleri yapilmigtir. Radon ve
radium icin bulunan konsantrasyon araliklar1 sirastyla 1200-47000 Bgem™ ve 12 to 165 Bgem™ dir.
Radon ve radyum konsantrasyonlar1 arasinda %99 luk bir eslesme bulunmustur. Sudaki radon ve
radyum igin ortalama yilllik etkin doz esdegerliginin eldeki bilgilere dayanilarak yapilan
hesaplamalarda goreceli olarak 73.8 ve 778.96 uSvey" oldugu tesbit edilmistir. Nineveh bolgesindeki
jeolojik yapilarin ¢ok ¢esitli olmasi radyum ve radon konsantrasyonlarinin cok tiirliiliigliniin nedenidir.
Sengar sehrindeki kuyularda ve sicak su kaynaklarinda yiiksek seviyede aktivasyon bulumustur ve bu
sehir Nineveh bolgesindeki diger sehirler arasinda en yiiksek seviyede aktivasyona sahip sehir olarak
belirlenmistir. Radyum konsantrasyonlarmin énemli 6lgiide kuyu sularmin yakinlarindaki jeolojik
kaya akiferlerinin tiiriine bagh oldugu bulunmustur. Yogun yagmurlu dénemler alinan 6lgiimlerde bir
dalgalanma oldugu gozlenmis ve bu giinlerde alinan kayitlarda konsantrasyonda yiikselme oldugu
belirlenmistir.

Anahtar Sozciikler: likit kivilcim sayimi, yeraltisuyu, radyum, radon, kuyu
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Measurement of Radon and Radium in Groundwater & Drilled Wells Waters
in North-West of Iraq by Using Chemical Separation Technique

Muhsin W. Mohammed Al-Badrani

Department of Physics, College of Education , Mosul University, Mosul, Iraq
(E-mail: mohsenbadrani@yahoo.com)

The determination of radium ***Ra and **’Rn concentrations in drilled wells waters is useful in a wide
range of environmental studies, the measurement being made just after chemical separation of radium
and radon. In this work, a low-background liquid scintillation counter was used to determine
simultaneously **°Ra and **’Rn activities in natural water samples. The advantages of liquid
scintillation counting are that the procedures are very simple and cheap. The aim of this study was to
determine the level of natural radioactivity in almost all groundwater water resources including hot
springs of the Nineveh province, and whether this radiation causes any danger to health. The activity
concentrations of *Rn and ***Ra in drinking water were determined in water samples from 50 drilled
wells in Nineveh governorate in northwest of Iraq republic. Samples of raw and treated water from
bored wells have been collected from all parts of Nineveh and analyzed for radium-226 and radon-222
content. The analysis included chemical separation technique and detection by using liquid
scintillation system. The Radon, a naturally occurring radioactive noble gas, is the main source of the
natural radiation that is received by the population. It derives from the traces of radium in rocks and
can diffuse directly or as solution in water to the earth’s surface. Measurements of radium and radon
concentration in a total of 50 different well waters sampled at about 50-350 m depth in the Nineveh
area of Iraq have been made. It was found that the concentration ranged from 120047000 Bqem™' for
radon and from 12 to 165 Bgem' for radium. A 99% correlation between radon and radium
concentrations was found. From these data the average annual effective dose equivalent for radon and
radium in the water have been estimated to about 73.8 and 778.96 uSvey™, respectively. The reason
for variations of Radium and Radon concentration is the diverse geological structures in Nineveh
province. The hot springs were found to have high level of activities and some water from drilled
wells in Sengar city had the highest activities among other cities in Nineveh province. We find that the
radium concentrations are highly dependent on the type of geological rock aquifers near projects of
wells water. We also observed fluctuations of the measured data during periods of heavy rain events,
where increasing concentrations were recorded in all water samples in heavy rain days.

Key Words: liquid scintillation counting, groundwater, radium, radon, drilled wells
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