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Genesis of the auriferous quartz veins and sulphide lodes in
Kizildag massit (Hatay-Turkey): constraints from geochemical data,
fluid inclusions and sulphur isotope studies

Krzildag masifindeki (Hatay- Tirkiye) aftink kuvars damarlarinin kékeni:
Jeokimya, sivi kapanim ve kikirt izotop galismalar

Dogan AYDAL
Ankara University, Faculty of Sciences, Gaological
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INTRODUCTION

The Kizildag Ophialitc complex in sacthern Tur-
key (Figure 1) has received considerabls alter
tion, Erickson {1940), Wijkerslooth (1542), Re
e {1942}, Dubertiat (1953, Mclly {1955).
Wumgnat and Gudulu (1867, Aslaner {1975)
ey (1974 and 1375). Defaloye <t el {1977
and 1580}, Solguk (198 1), Erendil {1584}, Alpan
(1985}, Tekeli and Erendil {1985}, Pigkin et al
(1984, 1987 and 1990} and Aydnl (1983] are
me to he mentionad. The study arsa is looated
11 km MW af tha Hatay clty cenlre and covers

an area of about 25 ki in Kisecik vilage and
surmoundings. Mast of the quartz veins and sulp-
e Iodes wara found at Kizitepe and Dslikee-
e, which are ncated just fo the northwest of Ki-
sacik Willage (Figurs 1). The geners| minaralogi-
cal and gecchenical proparties and dffersnces
of the cuartz veins and sulphide kades were pre-
sarted by Aydal (19801 Tha main aim of this
paper is to present mincralogical. geochemical.
fluidl inclusion and sulphur isotope studios on
auriteraus hydrothermal veins and lodes to pro-
wirie infarmation about ars formatian processes.

GEOLOGICAL SETTING

The Hatay —Kizildag ophialiic massit was lar-
med between late Jurassic and early Cretace-
ous time {Delaloye et al, 1977) and was empla-
cad on the Arahian plate during the Campanian
to early k stribfian {Aslaner,1973; Dalalaye et
21,1980 ; Selcuk, 19811 The allecthonus ophiol-
tie masslf of the Kizildag was formad in a ba
arc enviranment (Delalope et al, 19
ological ssting of tha area was desc
Duberlret (1853}, Vuagnat and Goguly (1987
Aslaner (1873), Gaguly (1974 snd 1975), Sal-
guk (1981}, Tokoll and Erondll {1986) and (Piskin
et al.,1882, 1987 and 1990}, Thase investion-
ters dentifiad six differsnt rack units within the
ophisiitic complax, such a8 tacionites, polkiliic
zone, cumulales {ultamafic and mafie type:
diabasa dykes (35 shested compled], pillw |-

lizan assandant

vas and volano- sedimentary racks, A brief
description of fhese Unils iz presented below.

Tectonic peridolites of the Kizildag ophiolte oc-
cur in the micdie parts of the massit and are
overthrust anta the Barremian and Albia
ments. whie reasonably largo imostor
wiere incomorated in the ultramafic rocks. Peri-
dote 15 the dominant ik &
dad ophiclie. It mainly consists of harzburgite
and dunte. The peikiltic zane of the uppermost
part of the laclonic paridetits lorms & transilion
16 the overlying cuTilats suts,

The mafic racks comprise twe mappable units,
layered and isotrupic gabbro, Most of the laya-
tad gabbros ara Intenzaly alterad and ths lsatro
pic ganbras are seen in assocation with the au-
rilarous breccialed quariz velns In Barbarli Dere
rsgion. The isotroplc gabbro shaws an sxtreme
orain size variation frem microorystaline o peg-
maiitic.

The sheetad dike complex comprises multiple
subparaliel ciabase dikes and mostly exhivits
ussymetric margine. Except along e upper and
lower contacts of diabase dikas, no wall rock is
present among induidual clkes The precomi-
want frends of the almost verticaly sheeted dikes
Bott

. auriferous ouartz veins

arg associatod with thesa di-

wilth intarflow and intorgilow

cnglomerste

seaimentsinclucing

MINERALIZATION

The Hatay gaid depo;
parallel, tbular and verlically arient
us zonas. Thas: 15 Axhinit numerous fractes

nig and filing opisocos. Minoralization 1s of fws.
types; quartz veins and sulphids lodes, The do-
minant lrends of the aurfcrous quartz velns =
NSOW and NASW with verical, subvartical 88
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redherly, and sautherly dips. These veins are
almnst entiraly hoster by dizbage dékes with the
sxceplion of tha Barbar: Dere, where the brec-
ciated quanz veln s hosted by gabbeo, Thersfo-
ra, aurflarcus uznz veins may oe classified in-
to two subgroups according to thelr hostrosk.
The thiskness al lha veins ranges from 1-2 cm
0 ovar 5 m, and thelr |zngth extends ta 50 m
at thes Dogan pit

Th sulphide lodes are contralled by NEDW and
K7OW directod fault systams. But, unliks te au-
tiferous quanz veins, some of them nave no
proforied ofientation, as paiculary seen at the
Krrag oit. The thickness af the suiphics logas
fanges from 5 cm 1o 140 em, with lengihs reac
hing up to 150 m at the Kiziltepa-Hakk: pit

Reflected light miciessepe, scanning elsctron
mictoscope (SEM] and microproe analysis re-
wealad tha existence of the fallowing ore mine-
rals surh a5, amenapyrite, sphaleris, chalcapy-
fite, pyrile, pyrrhelile, galena, native copper,
gold. sllvar, and platiaum group minerals, Cral-
cecite, cuprite. neadigenite, covelite, fahlare
and scoradite aczur as alteration minersls. Nali-
wa sopper and luad ohly wore caiected s solid

lagy 2nd laczlicr map of study ave
Jeniof ve yer bu

uldury fai

inclusions in chalcooyrite and arsanopyite, res-
paclivaly (Table 1). {Aydal.1569)

Basad ar 1o the data collsctee fram the polished
sedtion, SEM and misroprobs analysis, e fol-
lowAng paragenetic sequence of ora mirarals
can be staled; pyrholite 1, platinum graup mi-
nerals, golel 7, silver, shakopyrite, sphalerle, e

U 1. aisenopyiits 1, arscnopyrite 2, chalcopyri-
te 2, pyrrhatite 2, pyrite 1, marcasita, gold 2
pyrte 2 end lead 2 {Aydal, 1989).

Quartz is the mast abundzrt gangus minaral in
the aurfereus voine and sulphide lodes, Twa
textural fype of quartz wers seen. Type 1 s an
warly fermed grayish-white, medum- la -coarsa
arained, daformed quarlz, which exhibits undis-
fosa exinerion in thin seciian. Il lanns splintory,
nighly fractured textures and exhibits comales
beundaries with reghibourlng grains. Gald and
sulfide minerals are associated with Type 1 qu-
artz. Typa 2 quariz, s milky to oft white, and
typically less deiormed. I containg mine amo-
unts of sufide and insignificant gald, In thin s
tion, type 2 quartz is gensrally coatss grainer,
averaging 1-4 mm in size, akfcugh coneide
rably bargar grais were abserved, In some are-
cularly long wains, the quartz has sesn
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strinert an recrystallized to form mosaics of fi
ne [0.01 mm} interlocking grains.

Caleta s tha mast comman and widespraad mi-
nor constituant of the wains and is commeny so-
lang the margins of the: wains as euhedral ta
subhedral grains assaciated with quartz and mi-
nor sulphice minerels, Siining wilh alizar red
irdicates that the caranate mineral s calcite
rather than delomite, Most of the calcile show
stress winning. Sericile s very rarsly seen as
inlergtem wit catonsie, n many piaces ve-
ining s accompanied by waatharing, aheration
and cataclasis of the vain and wall rock.

The aurifarode welts contain soma zeolites
&uch as laumentite and erionite. Zeolites are wi-
despread, particularly sccompanying sulphide
mineralization in the Dogan pit {Aydal, 198

Argillc aheration are commonly scen n many
places, but tyoical eeeutmances are obsarisd 2l

the Kirag, Haill and Dogan pits. The clay ming
rals were shown by XRO,DTA and SEM sludies
0 be smeciite, particularly menimerillonite. He-
matites and imen'tes oceur in the siudy area as
the praducts of weathering (Aydal 1983).

EXPERIMENTAL TECHNIQUE AND
ANALYTICAL METHODS

Al major, trace and REE geachemical analysis
of the aurifaraus guariz veins, sulphide indes,
alteration zones and hostrecks were nidy by
ACME - Canada Analytical Laborstories Lid.
During the znalysis, 0.2 q samples were repor-
todly fussd with 1.5 or of LIBO, and dissalvad in
100 ml 5 % HNUj and for REE. finished with
IGP-ES and ICP/MS. Total G and 8 measure-
ments were mage by LECD. For Cu, Pb, Zn, Ni,
As, Cd and St anaiysis 0.5 g sample s diges-
ted with 3 ml 2-2-2, HO-HND,-H,O at 25 db
ree o ane iour and dilubed o 70 ml with wa
tar and finished with ICP. Duting the analysis
SCA5CSE, 50-15, C3 and G2 wora used as
standards.

The fluid inclusions were examined in thin seeti-
on of the quartz veins-sulphide lodoz a faw mil
limatars n size vihich were p an hoth
des ddown 1 Tickness of anout 051 mm using
4405 pm sizad alumina pantcles on a Aoy
polishing mashing. The slvars were prepared
from these slives o veins (or Iodes) containing
minerals with fid inclusions which wore meourt
ted on glass slides using cold Entelton rezin,
The thin sections were floated off by soaking in
aylene for 1 to 3 duys, and pre- selscted arses
of inclusions were cut o Micrahermameic
mASUIEMArTs Wars then corducted on aFluid
Inoe." bealing-freszing {-180° G 1o + B00* O] sla-
ge mounted on a Olympus BX B) micmscope.

Twe phased fliquis and vapaur] primary inelusi-
o chwsen and used during the study. Six
saples wers privsred for U< inclusion siudi-
&5 in MTA (Genaral Directarate of | Rese-
arch and Exploration of Turkey) labaratories
During the study. maasuiements were carriod
out on about 22 inslusione for sach sampls, so
altogether 132 fluid inclusions wars Invastigated
for hemegenization leimperslurss and 3 samples
were used for 31 frial for salinty investigation in
vt 5 NaGl, The temperature at which the vapo-
ur bubble disappears during controlied neating
may then be determined in erder lo obtain a he-




fogenization temperatures (Thi. which gives
termperatures of formaticn of tha fud incllsian.

Pure nitragene gas, which was passad through
a heal exchanger in liquid nitrogen, was usad ta
control coaling. Mast Inclusions froze at—40 °C.
The samples wera takan cawn fo - 50 * C 1o an.
sura freazing of the Inclusions sincs the fluid in
the inclusions shows pranouncad suparceaing
effccis. The samples were liowed 1o warm up
againand the ofice &

Aydl

imedting temperatura -Tm) was 1 meRsured.

The selected 5 samples for & isctope detemi-
nation were initially crushed and grinded to gel
150 200 mash specimen in MTA leborataries.
These samples were enriched using Tetra
brom-etan {(Br,C,H,} and washed with carbon

tetra- clor [GEL,) before dried in the ovan for
haif an hour at least. The enrchad samples we
2 then sent to Canada in separate bags. Sulp-
hur lsolope siudies ware parformad by the aca
demic stattin ths Linversity of Western Ol
Departnent of Earth Scionces Laboratorics
Canarda

GEOCHEMISTRY

The rasult of major oxide, trace siement anc
REE analys's of the auriierous guartz veins and
sulphicie lodes, as wiell as those of the represan-
alivis samples from thir hosl rocks and alterati
on zonss ara prasented in Tables 2, 3 and 4. A
comparison atwaon Table 2 and Tabls 5 rave-
al & decrensa in almost al the major axides in
the mincralized zones, compared to the host
racks, with tha excaplion of Fe,0,, which as ex-
prctsd from the occLimense of Fs-suiphide ming-
rals, toaches values as high as 375 Iin the veins.

The trace element contents of the veins and
thelr host racks are depleled, in Figure 2, in
terms of MORB-normalization pattems. The
pattems yielded by the host racks and the vei
show similariies in that they have slightly slova-
ted LILE {Largs lon Lithophile Elements) relati-
ve la HFSE (High Field Srenath Elements). The
elemental levels indicate a magma source dep-
eted relative to MORE. The wins display the lo
west alamenta) [evels especially with the regerd
10 HFSE.

Whe REE contents are shawn, in Figure 3,
RITE-normalized patiams. Bath e

ERE8nsT EF > F

Figure 2 MORIB nonmalzation vaos ate rom

s st rocl i
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fillsr (MORE nomalizasyon degeris
atce, 198X e shnmishr)

Fie

hest rocks and the veins are charscterzed by
lows REE cortants and reasonably fat REE par-
terns. As in the case of MORB-pormalized trace
element palletns in Figure 2, veins display 1
lowest elemantal lavels in Fgure 3, & fealurs in
confarmity with the expectatians since if is well
known it most af the sulphide minerals are
net good host for the elements concemed

Regarding the mineralizelin, il iz inpartant to
not that K and Na values in the weins do not

Aeck/ Chondrize

heir conpatson hostroska
Canciite hormeaizaion valus @ rom
weakila el al., 15711,
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thraugh diabasic dykes, Furthermore, Ph deple-
ton is very obvious in diabasic dykes, but the
shudied veins or sulphide lodes ars not fich in
Fh, on the conary, veine and sulphide lodes
ars almast froe fom Pb-minerals with the ex
eaption af Ayvaz pit,

Ba, Cu, Ti, Pb, and Gr content of the stdid
250703 are found higher than the average va-

lues reporied in the itaraturs as typical of these
typs of rocks. Especially Gu and T canlent are
found 3 times. Ba content is 7 fimes higher than
normal level, On the cartrary, St. Co, Ni. V., and
21 values are dalermined lower than the avera-
e values. Especially Ni cartant is found 1710,
Cals 143 and Sr is found 112 of the average ve

lues. The K lewels af the studied gahnros are fo-
und almost fhe same with the average valug of
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Table 4. The total AEE, LREE, HHEE cenienis and LREEIHREE, Eu'S
o altered zovus 1010 12, fom sheeted diabas

veins or lodes | 1e .
15 to 27}
Gizeir . Calglar crvsttar st eplem FEE, L

aion 11 far ol o
dyaiaz 1.<,kJnl\ns. 15'der

TOTAL
NEE [apm)
1.25

ihe gabbros (Mason, 1966, Kiksoy, 1987: Dela-

Sr, 2, Go, i and V valuas of the sludied diaba-
s dykes ars found higher, whilst the Ba, Pb
andt Ti walues are found lowsr than the averaco
waluas typical for diabases in guneral

The Gu and Cr content of the Defikiepe dizba-
ses arc found very iow, whis the A value is
wary high than the avorage values, The K valuc
snow ariation batwecr the Dealiktope and Kizl
tepe diobases.

The K content of the Daliteps diahanas ars hig-
her than the average walua and fhe Kiziltope di-
abasic rocks. Part of the raason for chemical &f-
fercnaes among the Kizigag dikes (SOD] is that
thoy have been chemicaly altsred. K 0 ard Ro
are highsr in altsrad zancs are VI higher in
gabbroz.

of the samplss (samples from
s eyl 17 and 14, from pabbrag

Ti, Ba Ni, S, Zr. Sr. Go, P,  and Cf valuss in
the auriferous uzriz vaing and suphide locas
are found t e mueh lower fan theirhasirscks.
K and Na values in the veins o not show any
sbnormial incrasss o decrense

‘s known that must sulphide and axids minerals
are not goad host for HEE, RAEE aralysis are
uisually restrizied ta non sulphide gang mincrals.
Thgrelore, the studier vaing, sulphics ludes and
el hostracks are characterizsd by very low
HEE conterts and reasonably flel REE patoms,
The MORE nomaized lace oantant of the
gaborn, SDD and veins are plailed a0
with some known arsas. n crdur lo shoe
fment depltion af the source magma (Figures 2
et 31, The fmited amount of HEE suggest that
REE cantants and distioution vary wirsly depen-
ding upen the minatals analysed in the samples,




The total REE contant of the vains range 0.95 to
17.87 ppm, while the total REE confent range
.97 1o 17.66 ppm and 13,14 1o 23,02 In g'\bb—
ros and in shsted diabmsic dykes, respect
On the other hand, the LREE/HREE ratio I:han-
gos 1.04 to BAS in wains, while the ratio chan-
5 1.20 to 2,35 and in gabbroic rocks and in i
abasic dikes, respactively (Table 4),

In general, the investigated rock/ichondrits nor-
malization diagrams show that the LAEE con
tent of all samples are gracually increasss to-
wards to MREE, than show slight decreasas to-
wards to HREE. Almost the same patten are
saen in MORB narmalization diagrams.

FLUID INCLUSION STUDIES

The freezing peints and hamagenization lampsa
raturas, most of which ware determined on the
sarne fnclusions, are given in Table § and al ho-
mogenization data are presented as a frequency
poligon in Figure 4, Quartz minerals were usse
for fluid inclusion sturdiss s used by differant in-
vestigators in many ather studies {Table &].

The inclusions were pra-sloctod to obtain an
approximately random sample. The auriterous
quartz veins ara infimetely intergrovin with sulp-
hides, wiich contain kigh densiies Df w'cluf\-
ons The inclusions are of vanable st
being very irregular, wnereas others anow wel
delined morphalegias and ars in general betws-
on 4-10 micren in size

Tha Inclusions are clearly of hydrathermal arigin
sinee thair homogenization temparatures are
reasanzbly high [(Figure 4) The data for &
samples vary from 150-392 °C, while the homo
genization temperatures in sulphide lodes ran-
ae fram 270 °C to 8382 °C in particular. Waen
crystals grow of recrystaliize in A fuid medium
of any kind. growth irsqulsriliss resdlt in the
trapping of small portians of the fluid n the salid
stal. Such iregularitiss may ba sealed off du
ring the grawth of the surrounding part of the
host crystalyislding primary fluld inchusion He
aling of fractures tomed during crystal growth
yislds psaudosecondary inclusions, and healing
of fractures formed al seme leter time yields se-
condry inciusians. Most inclusians in the studi
sd samplos ars randarmly dismibuted and do ot
shov obviaus geomelric relationship (Figure 5]

Aydal

Tabilo 5. Tha freazing and malting points of the fluid
nclusions
G v kepanimiarn donma e erime rokta-

Lecaion Sample

Mo

2571

Kuzilleps

58

5

EX

12
4z

Therefore, it can be considered that they are pri-
mary, It could be argued, bul hey seem to be
iva of the fluid pracipi-
tated the are minerals. Since the quartz veins
are intergrown with the sulphides, the fuid inc-
lission data from these samples, apply 1o the
pracess of sulphide ors deposition itelf

All inclusions are frozen between -33.8 and -
466G and thelr melting points vary from - 8.2
“C 10 1.7 °C, whilst their salinty changing fram
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2.5 to 11.7 % NaCl with an avarage of 6.2 %
NaCL, The freezing point is statistically distingu-
ighable from that of sea watcr. The saliniy of
sea water i e 0RO 603aNS varies [rom 3 2
.75 % NaCl {Riley and Chestar, 18711, In small
oooan basing such as Mediieransan and the
56 10 4.1 % {Riky and Ches-
fer, 1871}, This producas a freezing point from
770 to 2.2 0. Average ses watet with a
salinity of 1.5 % has  fraszing polnt of -
Henwe, itis clear thar = hydrothormal fuid id
tical to seawater in iz salinity did not lorm these
auriferaus quattz veins and sulzhide lodes.

The fraezing points of the Halay vein - lodas
iy b compared ta the lreezing peint of tha
Cyprus ore depost fivid inclusions and may &

sa bs compared 1o dala frem the Kuroko poly
metallic sulphida doposits of Japan, Those are

ous racks. The range of freszing pq nt o Yuno
swwe deposit, Furulobe ming-Jzpan has been
Takunags and Honma (i)
7 °C. This is vary similar to tha lo-

-1.8°Cto -5
wal range of flud incusien feazing pains frem
Cyprus ore depasis (1.2 °C to —2.2 °C} {Sno-

aner and Bray, 1577},

CONCLUSIONS

Bused on the minsralogical, geochamical, fluid
Inclusion and 5™ results. e vains and ledss
studied ata determined o be a product of
fiydrothermal luids and mast prabably erigina-
tael from granil
gant entichmant: of the Kizildag ophiclites,
her than seawaler |saching -desoendant rrich
mant-of the ophiclithic racks
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