











64. Turkiye Jeoloji Kurultay: 25-29 Nisan 2011

METALIK MADEN YATAKLARI VE ENDUSTRIYEL
HAMMADDELER/
METALLIC MINERALS & INDUSTRIAL RAW MATERIALS

Oturum Yiiriitiiciileri / Co_(zveners:
Cabhit Helvaci, Taner Unlii

177



64. Turkiye Jeoloji Kurultayi 25-29 Nisan 2011

MADEN ARAMACILIGINDA ULUSLARARASI STANDARTLAR VE ULKEMIZ
MADEN MEVZUATINA YANSIMALARI

Selahattin Yildirim
Hitit Madencilik, Ankara, Tiirkiye, syildirim_tr@yahoo.com

Diinyada, maden arama sonuglarmin halka rapor edilmesinde bazi standart ve siki kurallar getirme
caligmalari, ge¢miste birkag iilkede yasanan skandallar sonucunda giindeme gelmistir. Ozellikle, hisseleri
borsada islem goren madencilik sirketlerinin yaygin oldugu Avustralya’da (Poseidon, 1969) ve Kanada’da (Bre-
X, 1997) yasanan iki 6nemli skandal bunda etkili olmustur.

Poseidon skandalinda, ilgili firma, 29 Eyliil 1969 tarihinde borsaya gonderdigi yazida, “kendisine ait
ruhsat sahasinda yaptig1 bir sondajda yiiksek tenorlii (%3.5 Ni, %0.5 Cu) nikel-bakir cevheri kestigini, cevher
zonunun 1000 ft uzunlugunda ve minimum 65 ft kalinliginda oldugunu” belirtmistir. Bu bilginin borsa tarafindan
yayimlanmasi lizerine, 1 Ekim 1969 tarihinde 1.15 Dolar seviyesinde seyreden hisse senetleri hizli bir yiikselise
gecerek 11 Mart 1970°de 280 Dolar’a ulagsmistir. Daha sonra bu haberin uydurma oldugu anlasilmis, sirket
batmis ve hisse senedi alanlar biiyiik zararlara ugranustir.

Yasanan bu skandal tizerine, 1971 yilinda Avustralya hiikiimeti ¢6ziim arayisina girmis ve borsaya
mildahil olan tiim taraf temsilcilerinin i¢inde yeraldigi bir komite kurarak, 1989 yilinda maden arama
sonuglarmin rapor edilmesi standartlarini igeren bir yonetmelik yaymlamigtir. Madencilik faaliyetlerinin yogun
oldugu diger tilkeler de benzer ¢6ziim arayislarina girmis ve yasal diizenlemeler yapmuslardir:

e  Avustralya ve komsu iilkeler: JORC-Code, Joint Ore Reserves Committee,
e Kanada: NI 43-101, National Instrument 43-101, Standarts of Disclosure for Mineral Projects,
e  Amerika Birlesik Devletleri: SME-Guide, The Sme Guide for Reporting Exploration Results, Mineral

Resources, and Mineral Reserves,

e Avrupa Birligi iilkeleri: PERC, Pan-European Code for Reporting of Exploration Results, Mineral

Resources and Reserves,

e Giiney Afrika: SAMREC, The South African Code for The Reporting of Exploration Results, Mineral

Resources and Mineral Reserves.

Degisik {ilkelerdeki rapor etme diizenlemelerinden yararlanarak, tiim diinyada uygulanabilir ortak
standart ¢aligmalar1 baslatilmis ve olusturulan taslaklar {iye tilkelerin gériisiine sunulmustur. Bunlar:

e  CRIRSCO, Combined Reserves International Reporting Standarts Committee,
e UNFC, United Nations Framework Classification For Fosil Energy and Mineral Resources.

“JORC” benzeri diizenlemelerin {i¢c temel 6zelligi vardir: saydamhk, somutluk ve uzmanlik. Rapor i¢in
gerekli olan tiim bilgiler somut olmali, agik-se¢ik ve anlasilir bir sekilde sunulmali ve uzmanlar tarafindan
yapilmig ¢aligmalara dayanmalidir.

“JORC” Benzeri Diizenlemeler: a) uluslararas1 maden kaynak/rezerv tanimlarini esas alir, b) Maden
arama sonuglari, maden kaynaklari ve maden rezervlerini halka rapor etmek igin gerekli asgari standartlari
(kalite kontrol / kalite giivence sistemi) saptar, ‘en iyi uygulama kilavuzlarini’ tavsiye eder, ¢) projede izlenecek
yolu yordami saptamaz, projeye uygun yol ve yontemin se¢imi ve uygulanmasi uzmanin takdir ve
sorumlulugundadir, d) kamuya acik raporlar1 diizenler, kurum i¢i rapor etme sistemlerini diizenlemez, e)
yonetmelige uymayanlarla ilgili yaptirim uygulamaz. Raporu yayinlayan sirketleri piyasayi diizenleyen resmi
kurumlar denetler. Uzmanlar ise ilye olduklari meslek 6rgiitlerinin etik/disiplin yonetmeligine baghidir, f) JORC
ilkelere dayanan bir diizenlemedir, kat1 bir regete degildir.

“JORC” benzeri diizenlemelerin amaci, kamunun, uluslararasi standartlara uygun olarak hazirlanmis
rapora ve dolayisiyla rapor igerigindeki glivenilir bilgiye kolay ulagmasin saglamaktir.

“JORC” benzeri diizenlemelerde maden arama siireci baslica dort evreye ayrilmaktadir; 6n inceleme, 6n
arama, genel arama ve detay arama. Maden arama sonuglarmin rapor edilmesinde, maden arama siirecinin her
asamasinda elde edilen verilerin giivenilirlik diizeyi ve kalite kontrolii 6nemlidir.

“JORC” benzeri diizenlemelerde, rapor edilen ‘Mineral Kaynaklar1’ ile ‘Maden Rezervleri’ kavramlari
arasinda duragan olmayan bir iliski s6zkonusudur. Bu iliski asagidaki sekilde gosterilmektedir (Sekil 1).
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Arama Sonuglari Exploration Results
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Sekil 1. Maden arama sonuglar1, mineral kaynaklar1 ve maden rezervleri arasindaki genel iliski.

Maden arama sonuglari, mineral kaynaklar1 ve maden rezervlerinin rapor edilmesinde veriler baslica iki
eksendeki belirlilik, giivenilirlilik ve yapilabilirlik durumlarina gore degerlendirilmektedir. Birinci eksen,
‘jeolojik bilgi’yi esas almakta, jeolojik verilerin artan yogunlugu ve giivenilirlifine dayanmaktadir.
‘Doniistiiriicii faktorler’ olarak tanimlanan ikinci eksen ise gercekei olarak ongoriilen madencilik, metalurjik,
ekonomik, pazarlama, yasal, gevresel ve sosyal faktorlerin dontistiiriicti etkisini hesaba katmaktadir.

‘Maden Kaynagy’, yer kabugunun iginde veya iizerinde ekonomik agidan ilgi duyulan bir malzemenin,
son tahlilde ekonomik iiretim i¢in makul iimit veren nitelik ve nicelikteki zenginlesmesi veya zuhurudur. Bir
‘Maden Kaynagmn’ yeri, niceligi, tendrii, devamhiligi ve diger jeolojik ozellikleri, 6zgiil jeolojik kanitlarla
ortaya konulmus, tahmin edilmis veya yorumlanmistir. Maden Kaynaklari, artan jeolojik giivenilirlik sirasina
gore, ‘Cikarsanmig’, ‘Gosterilmis® ve ‘Olgiilmiis’ diye alt siniflara ayrilir.

‘Maden Rezervi’, ‘Olciilmiis’ veya ‘Gosterilmis’ Maden Kaynaklarinin ekonomik olarak isletilebilir-
cikarilabilir bolimiidiir. Cevher ¢ikarilmasi sirasinda olusabilecek seyrelme ve kayiplart kapsar. Gerekli
degerlendirmeler ve calismalar yapilmis, gergekei olarak ongoriilen madencilik, metalurjik, ekonomik,
pazarlama, yasal, ¢evresel ve sosyal faktorlerin donistiiriicii etkisi hesaba katilmistir. Bu degerlendirmeler
sonucu, raporlama tarihinde cevher g¢ikarmanin onaylanabilir (ekonomik) oldugu kamitlanmistir. Maden
Rezervleri, artan giivenirlige gore, ‘Muhtemel” ve ‘Goriintir’ Maden Rezervleri diye alt siiflara ayrilir.

Ulkemizde 10 haziran 2010 tarih ve 5177 sayih yasayla degistirilen 3213 sayili Maden Kanunu ile 6
Kasim 2010 tarihinde yaymnlanan Maden Kanunu Uygulama Y6netmeligi madencilik alaninda yeni diizenlemeler
getirmistir. Bu diizenlemeler, uluslararasi rapor etme standartlarini kismen icermekle birlikte, gegmis mevzuattan
kalan eksik ve yanlis bazi maddeleri de hala tagimaktadir.

Maden mevzuatinda yapilan son degisikliklerle getirilen yenilikler; proje kavrami, asamali maden
arama siireci, rezerv-kaynak tanimlari ve raporlardaki imza yetkisidir.

Sonu¢ olarak, madencilik alaminda diinyada son 30 yilda yasanan gelismelere ve yapilan yasal
diizenlemelere bakildiginda, uluslararasi kavram ve tammlar ile iilkemizde kullanilanlar Grtiismemektedir.
Kavram birligini saglamak {izere, acilen bir ‘Ulusal Komite’ kurulmali ve ulusal mevzuat uluslararasi
standartlara uyumlu hale getirilmelidir.

INTERNATIONAL STANDARTS IN MINERAL EXPLORATION AND THEIR
EFFECTS ON TURKISH NATIONAL MINING LEGISLATIONS

Selahattin Yildirim
Hitit Madencilik, Ankara, Tiirkiye, syildirim_tr@yahoo.com

As a result of scandals in the past have been noted in several countries worldwide, bringing some
standards and strict rules on Public reporting of mineral exploration results came into question.

Particularly, two major scandals have been effective in this situation; Poseidon, 1969 in Australia and
Bre-X, 1997 in Canada, where mining companies’ shares were traded in the stock market widespreadly. In
Poseidon Scandal, relevant company stated that there was a high grade (%3.5 Ni, %0.5 Cu) nickel-copper ore
intersected in a drill hole and ore zone determined as 1000 ft long and 65 ft thick in their own licensed area. By
the publication of this information on the stock market, shares rised up from 1,15 $ (01.10.1969) to 280 $
(11.03.1970). Then the story turned out to be false, and purchasers of the shares have undergone huge losses.
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In 1971, The Australian government started to seek solutions with experience on this scandal and after
forming a commitee which including representatives of all parties involved in the stock market, have published a
regulation, which is including standarts for public reporting of mineral exploration results, in 1989.
Also the other countries where mining activities are intense, started to seek similar solutions and
established legal regulations.
e  Avustralia and neighbouring countries: JORC-Code, Joint Ore Reserves Committee,
e Canada: NI 43-101, National Instrument 43-101, Standarts of Disclosure for Mineral Projects,
e United States: SME-Guide, The Sme Guide for Reporting Exploration Results, Mineral Resources, and
Mineral Reserves,
e  European Union: PERC, Pan-European Code for Reporting of Exploration Results, Mineral Resources
and Reserves,
e South Africa: SAMREC, The South African Code for The Reporting of Exploration Results, Mineral
Resources and Mineral Reserves.

With taking advantage of reporting arrangements in several countries, a work has been started on
determining common standards which can be applied all over the world and created drafts were presented in the
opinion of member countries. These were;

e  CRIRSCO, Combined Reserves International Reporting Standarts Committee,
e  UNFC, United Nations Framework Classification For Fosil Energy and Mineral Resources.

The main principles governing the operation and application of the JORC and similar regulations are
transparency, materiality and competence. All the information necessary for the report must be solid, clear, and
clearly presented and should be based on studies made by competents.

Jorc and similar regulations: a) are based on international mineral resource/reserve definitions, b)
outlines minimum required standarts for public reporting of mineral exploration results, mineral resources and
mineral reserves, advices “best application guides”, ¢) does not determine procedures to be followed in a project,
selection and implementation of appropriate methods and routes corresponding to project are under competent
persons discretion and responsibility, d) regulates public reports, not internal reporting systems, e) does not
apply sanctions against companies or corporations who dont follow regulations. Official institutions which are
regulating market controls report publishing companies. Competent Person will be dealt with under the
disciplinary procedures of the professional organisation to which the Competent Person belongs, f) JORC is a
principles-based regulation, not a strict prescription.

The aim of "JORC" and similar regulations is to make public access easily to report and thus reliable
information in the report which is prepared in compliance with international standards

Mineral exploration progress in "JORC" and similar regulations subdivided into 4 era; preliminary
investigation, pre-exploration, general exploration and detailed exploration

Level of reliability and quality control of datas which are obtained from each stage of mineral
exploration are very important on public reporting of mineral exploration results.

In the JORC and similar regulations there is a non-stable relationship between Mineral Resources and
Ore Reserves. This relationship shown as below (Figure 1)

Arama Sonuglan Exploration Results

MINERAL KAYNAKLARI CEVHER REZERVLERI
MINERAL RESOURCES ORE RESERVES

Artan ooloik Cikarsanmig
an jaol

gliveniriitik Inferred
Increasing lewel of

eclogical knowledge i

‘;,,d‘égmdem . i Gosterilmig Muhtemel
i Indicated PRPRTTLLY Probable
Olgiilmiis :————————_’ Gériiniir

i Measured Proved
itk K pazarlama, yasal, ¢ 1, sosyal
ve resmi faktdrierin artan diglide hesaba katilmas:
("Dénigtiriici Faktorier”)
C i n of mining, lurgl i ing, legal,

, social and go fi
' (the "Modifying Factors™) '

Figure 1. General relationship between Exploration Results, Mineral Resources and Ore Reserves

Figure 1 sets out the framework for classifying tonnage and grade estimates to reflect different levels of
geological confidence and different degrees of technical and economic evaluation. This relationship is shown by
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the broken arrow in Figure 1. Although the trend of the broken arrow includes a vertical component, it does not,
in this instance, imply a reduction in the level of geological knowledge or confidence. In such a situation these
Modifying Factors (mining, metallurgical, economic, marketing, legal, environmental, social and governmental
factors) should be fully explained.

A ‘Mineral Resource’ is a concentration or occurrence of material of intrinsic economic interest in or on
the Earth’s crust in such form, quality and quantity that there are reasonable prospects for eventual economic
extraction. The location, quantity, grade, geological characteristics and continuity of a Mineral Resource are
known, estimated or interpreted from specific geological evidence and knowledge. Mineral Resources are sub-
divided, in order of increasing geological confidence, into Inferred, Indicated and Measured categories.

An ‘Ore Reserve’ is the economically mineable part of a Measured and/or Indicated Mineral resource. It
includes diluting materials and allowances for losses, which may occur when the material is mined. Appropriate
assessments and studies have been carried out, and include consideration of and modification by realistically
assumed mining, metallurgical, economic, marketing, legal, environmental, social and governmental factors.
These assessments demonstrate at the time of reporting that extraction could reasonably be justified. Ore
reserves are sub-divided in order of increasing confidence into Probable Ore Reserves and Proved Ore Reserves

Regulations include some parts of international reporting standards, but still including some incomplete
and inaccurate substances from past legislation.

The innovations brought by recent changes in mining legislation are; Project concept, staggered
exploration process, reserve-resource definitons and signature authority.

Consequently, with considering of developments and the legal regulations applied in the field of mining
within the last 30 years, international and national concepts and definitions do not correspond each other. A
‘National Committee’ should be established as soon as possible and national legislation should be made
compatible with international standarts in order to provide the unity of the concept.

MASTRA (GUMUSHANE) Au-Ag YATAGI’NIN JEOLOJIK, MINERALOJIK VE
JEOKIMYASAL OZELLIKLERI

Neslihan Aslan ve Mirac¢c Ak¢ay
Karadeniz Teknik Universitesi, MF, Jeoloji Miih. Bsl., 61080, Trabzon, Tiirkiye,
neslihan.aslan@windowslive.com.

Mastra Au-Ag vatag, Gilimiishane’nin kus ugusu 5 km kuzey batisinda, demirkaynak koyiiniin
yakinlarindadir. Eosen yash andezitik bilesimli volkanik ve volkanoklastik kayaglarin yogun oldugu bu sahada,
cevher baslica K50-70°B dogrultulu ve 65-80° KD ya egimli bir fay zonu igine yerlesen kuvars damarlarindan
olusmaktadir. Damar sistemi dogrultu boyunca yaklasik 2,5 km uzunlukta ve birkag cm den 5m ye kadar degisen
kalinlikdadir. Bu damar zonunda baslica kloritlesme, karbonatlagma, epidotlagma, serizitlesme, silislesme ve
killesme ile temsil edilen bir hidrotermal alterasyonlar vardir. Mineralojik ve kimyasal ¢alismalar, bu alterasyon
zonunun, cevher zonuna gére en distan ice dogru a) propilitik, b) arjillik-serizitik ve ¢) silislesme seklinde
oldugunu gostermektedir. Propilitik zon kendi i¢inde en dista kloritlesme-killesme+karbonatlasma, arjillik zona
dogru gidildikge karbonatlagma-killesme=kloritlesme seklinde goriilmektedir.

Zirkonun hareketsiz element olarak davranis sergiledigi Mastra Au-Ag sahasinda, yapilan kiitle degisim
hesaplamalari ile tiim alterasyon birlikteliklerinde hidrotermal ¢ozelti-kayag etkilesimi sonunda ilksel bilesime
gore altere kayaglarda kiitle artisinin gergeklestigi belirlenmistir. Propilitik zonun en dis kesiminde bulunan
kloritlesme-killesmexkarbonatlasma zonunda 30 g/100g, arjillik zona dogru gidildikge karbonatlagma-
killesme+kloritlesme zonunda 42,01 g/100g, arjillik zonda 25,17 g/100g ve silislesme zonunda 4156.88g/100g
kiitle artist  hesaplanmistir. Bu  hesaplanan kiitle artislarinda, en yiiksek artiglar  kloritlesme-
killesme+karbonatlasma zonunda Si, Al, Fe, Mg ve K elementlerinde, karbonatlagma-killesme+kloritlesme
zonunda Fe, Mg, Ca ve K elementlerinde, arjilik zonda Si, Al ve K elementlerinde ve silislesme zonunda ise Si,
Al, Fe ve K, elementlerinde olmustur.

Altin, giimiis, pirit, sfalerit, kalkopirit, fahlerz, galen ana mineraller; dijenit, kovellin/kalkozin, azurit,
malakit, hematit ve limonit ikincil mineraller; kuvars, barit, adularya, kalsit, ankerit, seriizit, jips, serizit ve kil
mineralleri ise gang mineralleridir. Bu mineral parajenezi epitermal sistemler ile uyumludur. Bu minerallerden
ozellikle adularya, kalsit, ankerit, kuvars ve altin birlikteligi, diisik siilfiirlii epitermal yataklar i¢in karakteristik
ozellikler arasindadir. Kuvars, cevherin 6zelligi geregi en yogun bulunan gang minerali olup, damarlarin ana
mineralini olusturmaktadir.

Pirit, sfalerit, galen ve kalkopiritten elde edilen 5*'S degerleri genel olarak -1,7%o ile —6,2%o gibi dar bir
aralikta degismektedir. Bu degerler kiikiirt kaynaginin magmatik oldugunu gostermektedir. Kuvars ile dengede
olan ¢ozeltilerin 8'°0 degerleri +4,5%o ile +6,2%o arasinda, killer ile dengede olan gozeltilerin 5"%0 degerleri
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+5,8%0 ila +9,8%o arasindadir. Tiim bu degerler hidrotermal etkilesimi saglayan ¢ozeltinin baskin olarak
magmatik kokenli oldugunu ve muhtemelen ¢ikis kanallar1 boyunca temel kayagclarla etkilesimde kalarak 'O
bakimindan zenginlestigini gostermektedir.

Swvi kapamimlardan maden yatagmin genis bir sicaklik araliginda (113-390°C) olustugu anlasilmistir.
Kiikiirt izotop jeotermometresi yardimiyla, siilfiirlii mineral ¢iftlerinden ii¢ farkli sicaklik degeri elde edilmistir
(Ti: 147+15°C, Ty 287£21°C ve, Ts: 365+28°C). Kuvars ve kil minerallerinden yapilan oksijen izotop
Jeotermometresi de bu mineraller i¢in ortalama 348,5°C’lik bir olusum sicaklig1 gostermektedir.

Silis ¢okelim sartlarina bagl olarak kuvars damarlarinda ¢ok farkli tirlerde biiyiime, yeniden
kristallenme ve ornatim dokulari gelismistir. Diger doku tiirlerinin yaninda, 6zellikle bosluklu, bresik, kokard ve
tarakli dokularin varhigi kuvars damarlarmin epitermal kosullarda olustugunun gostergesidir. Kuvars, kalsit, barit
ve K-feldspat bilesimli bir mineralojiye sahip olan &rneklerde kafes dokulu kalsitler, damarciklar halinde kuvars
ve adularya ile stlfirlii minerallerin varligi dogrudan hidrotermal ¢ozeltinin kaynadiginmn gostergesidir.
Ozellikle kafes dokulu kalsitin varligi, buna adularya ve altin zenginlesmesinin eslik etmesi de epitermal olusum
kosullarini destekleyen bir diger delildir. Ciinkii bu birliktelik ve dokusal ozellik epitermal ortamlarda
hidrotermal kaynamaya, isaret etmektedir. Ayrica bu zonlarda bresik dokularin gozlenmesi de kaynamayi
desteklemektedir. Dolayisiyla, alterasyon, cevher mikroskobisi, sivi kapanim ve izotop ¢alismalar neticesinde
Mastra Au-Ag madeninin adularya—serizit tip bir epitermal sistem oldugu agiktir.

Anahtar Kelimeler: Mastra, Au-Ag, Hidrotermal alterasyon, Kuvars dokulari, Sivi kapanim, O-H-S izotoplari.

GEOLOGIC, MINEROLOGIC AND GEOCHEMICAL CHARACTERISTICS
OF Au-Ag DEPOSITS IN MASTRA (GUMUSHANE)

Neslihan Aslan and Mira¢ Akcay
Karadeniz Teknik Universitesi, MF, Jeoloji Miih. Bol., 61080, Trabzon, Tiirkiye,
neslihan.aslan@windowslive.com.

Mastra Au-Ag deposit is situated near Demirkaynak village, five km’s to the northwest of Giimiishane.
In this area, which is covered mainly by andesitic volcanics and volcaniclastic rocks of Eocene age, the ore zone
is composed of quartz veins within a fault zone striking N50-70°W and dipping 65-80°NE. The veins are about
2,5 km’s long and a few cm’s to 5 m’s wide. Hydrothermal alteration is represented mainly by chloritisation,
carbonatisation, epidotisation, sericitisation, silicification and clay alteration. These alteration minerals are found
in different combinations, and form, from the outer zones to iner zones of the deposit, a) propilitic alteration
zone, b) argillic alteration zone, and c) silicification zone. The propilitic zone varies in composition and is made
up mainly of chlorite and clay minerals, and carbonates to a lesser extent at the outer zones, and carbonates and
clay minerals, and chlorite to a lesser extent at the inner zones.

Mass change calculations applied to the Mastra deposit, during the formation of which Zr behaved as an
immobile element, indicate that hydrothermally altered rocks were subjected to mass and volume increases as a
result of hydrothermal fluid and rock interactions. The mass and volumetric changes in the outer zone of the
propilitic alteration zone, represented by chlorite-clay minerals+carbonates, are about 30 g/100g. Towards the
inner zones aproaching the argillic zone the change goes up to 42,01 g/100g. The argillic zone displays a
volumetric change (25,17 g/100g) similar to the outer propilitic zone. The highest changes are estimated in the
silicified zone, the center of the alteration halo, and is 4157 g/100g. Silica, Al, Fe, Mg and K are the elements
with the highest positive changes in the outer propilitic zone, Fe, Mg, Ca and K in the inner propilitic zone, Si,
Al and K in the argillic zone, and Si, Al, Fe and K in the silicified zone.

Native Au, Ag, pyrite, chalcopyrite, sphalerite, sulphosalts, galena, digenite and covellite/chalcosite are
the main ore minerals, and quartz, barite, adularia, calcite, serusite, gypsum, hematite, limonite, sericite, and clay
minerals are the gangue minerals. This mineral assemblage indicates epithermal conditions. Adularia, calcite,
ankerite, quartz and gold assemblage are characteristic for low-sulfide epithermal deposits. Quartz is the most
abundant of the gangue minerals and the main constituent of the veins

8*S values from pyrite, sphalerite, galena and chalcopyrite range from -1.7%o to — 6.2 %o. These values
are indicative of magmatic origin. 8'°0 values of hydrotermal fluid, which are in equilibrium with quartz, are
between +4,5-+6,2%o. Hydrotermal fluids in equilibrium with clay minerals have 8'°0 values ranging from +5,8
to +9,8%o. These values suggest that the hydrothermal fluids giving rise to such chemical changes are
dominantly of magmatic origin, and are somewhat enriched in '*O as a result of interaction with the country
rocks during their ascent.

Results of fluid inclusion heating experiments put forward a wide temperature interval of 113-390°C.
The sulphide mineral pairs considered to be in isotopic equilibrium showed three different temperature for their
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