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INTRODUCTION

L poinied out carlicr, plants can be
menl andieaturs which revesl
. 'y their presence or ebsence
et (1960, Vikown and others (1964,
Malyuee { 164, Brouks {1972), Gieling and others
(1979F" in prospecting for ceonusically imporent
el

arce of 25 sq. km eround Kisecik
city of Hatay, Turkey.

Plant gald concentration wsually occur in the
ph range on a dry woght basis, even i lous
‘aceus {Jones, 190). This makes wnalysis of a plant
material for ggold diffieult and explaims why the use
of plants as indicarors of gold iseral:




Using Various Tree's | saves in Prosgection of the Auriferous Quartz Veins

Whole rock and REE anlysis of the racks,
auriferous quastz veins and sulphide veias was
mucke by ACME. For the analysis 0.2 g of the sam-
ples were fused will s then dis-
selved in 108 ml 5 % HNO:
1o, Cu, b, Zn, Ni, As, Cd
ysis, 0.5 gr sample is digesied
ICIHNO -0 at 95 degree ind
w10 ! wilh veater, Gold end Ag
S &MS in ACME-
elgiom end M.T.A.

Lxploration General
@ cxamine (e
aracy of the e

(Mineral Research snd
Wirectveate of Turkey) in ord

reprodu
samples.

alyses of the leaf samples are piven

Chemica
le 1

g.hhm: arc given
chemical analysis of g
sulphide:

Some selected eross-examination praghics were
prepured and shawn as clement versus element
grnp s in arder o show the differences

RESULTS AND DISCUSSION

¢ mean value of As wes 357 ppm in the
mining erca, whercas the
0,056 ppin in the toes having
with any of the aurifarous QUANZ ¥
lodes, The average velue of Zn

Gotormined (33.6-2

ppb), Ci (0.128-0.066 ppr
ppin), P [D.08-0 074 %], Na (0.01
(WADO5T), Se (02060125 ppu
0.060 pps Ba (3.26-3.15
ppm, Gd (0.0256.013 ;‘pl!’], 4 (0.069-0.038
ppmy ami b (0,650,038 ppm}

v (0.087-

The mean valuc of Mg in the leaves of tha iecs
i {ke non-ming od and mincralised areas w
found 0,472 %, and 0342 % nispectively.

The

e o be (15,21

amgas were derern:
0.057-0.027 %], Mo (0.031-0.027 )me!»‘ 3
.

085 ppm), B (31.0-25.9 pp r (21 ma o
ppm), Ba (347-3.36 ppre). Ca (1.01-0.93%), A1
{0.033-0.021 %), Bi (0.636-0.032 gpm) and Ce
(0134 -0.116 ppin.

Pahlsson {1989) and Steffens (1990) showed
i Cu, P, Cd and Hg enrichments in trees ire

exl peolagical ap and sanplc locsdion in the saady arca
Selil iz Caligma alanrmir

itleptvilinis fewlogik havigar ve munsore lokasyonlars



not been commanly eonsides

nship between goid and
arsenic in cpitermal deposits has been established
mous workers “Boyle and Jomasson (1973),
Girling and athers (1978), Warrea and olhers
{1962}, Frdman and Olson (F985)".

In this study the poterial use of arsenic and A8
other elements as a pathlinder for gald in this are
wers cxamined. Fuitheomore, (e geechemical
anslyses of the bust racks were examined also to
study the effect of chemical conpmsition of the
rocke-sail to the studicd twes.

LOCATION AND GEOLOGY OF THE
STUDY AREA

The study area is located 11 ko NW o the city
Hatay in Southen Turkey.

The psncral pevlogy hes been deseribed by var-
ious authors and a5 well s by the present suthar.
One aren that hes roceived considerahle aucntion is
the Kigldag Ophiolitic comples jn the Southem
Tutkey. Erickso {1940), Wijkerslooth [llMZW
x (1942), Dubectret (1953), Molly
ol Cogulu {1967}, Aslaner [PQT]\
lu (1573). (1974), Delaloyc snd others
(1980 ﬁ:wk (1981, Alpan (1983), Tekeli and
Erendit (1986), Aydal (1989), Piskin and others
11990) and Cagistay and olhers (1991) sre some fo
e mentioned.

These warkers iduntificd six giffereat rock units
within the ophiofitic complex; teotonites,
zone, cumulates (sttmmatic and mafic types), din-
base dykes (ns a sheetcd complex), pillow lavas
and voleano sedimentary rocks.

A the pressent study sres the prilominint rocks
are mainly sheeted dishiic dykes, tectonites, gah
bras ad pillow favas are in lesscr

Esposially diabasic dvkes and gebbros arc cut
by numesaus auriferous sulphide lodes and quarts
w3t of which have considerable aumunt of
wicrudimentionst gold and silver. The mineralised
zonc Hies between 450 and 650 meters elevation

]

AYOAL
PLANTS SPECIES AND SAMPLING
PROCEDURI

Mire specics wers shusen and 15 samples wery
collctad frorm tho study area. Besils, §

arderto
Cn,

the sty area. The Last 3 samples wore collocted
fiom & comngarable lopograyini arer nerby, wheee
carlier geochemical sudics indicatcd absence of
gold anomalies,

The species ecllectod from the lower ar were
Plaatur orinnsaily, Arbutus andrachne, A
ghitinasa and Salli alha, the devp rooted porea
als. On gi1e othsc hand, elativoly shatlow moicd
Philyren latifilia, Pistacia leativens, Quercus
ifctaio, Qrercus crcefera and Clstus crvticns
were collected from he Telatively Eigher slevarion
al the siudy arcn

All of the spugies mre reasonable widespred not
anly in the swdy aea but also in !:umme and
Western part of Turkey. Tn the mine arex
5 wor: carried oul m.nm\l, v
areas of silicified orgillite and sulphie veirs aud
from the plants on the dialese dykes, gaboros and
ralised urea.

cause of the soil eontamination toot saniples
were ol preferied and approximately 100 gr of

smples were
removed g al BIP-00°C fur 12-
24 hours depenciing up en the Il (hicknesses.

ANATYTICAL PROCEDURE AND
GEOCHEMISTRRY
All dricd leaf samples were packed in double

nylon bags and scad to Consde
Labaratmiss, which has 150 $002 e
chansical analysis

“The somples were pulverized and prepared for
the analysis by the ACKE staff. Ac
sven port, 30 5 of sample we disolvd e

pyrite, sphalerite, and pyriie
are the most abundant sulphide minerals in quanz
weins ard fodes

i 180

T,0 31 95 degruo © for o o
00 wl. Aaalysis made by 1C

5 and M8, for 50
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Tubte 22 1he geochemical mnalyses of the éiabasic dykes and pehhras.
(izelge 2: Dipabie: doyklar He gabrolarie &yl anolitert
. T Tyhe
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clossly velated with the flora menholism systom
i Gause prising. Mevesthelss, iL wes

infuctoria,
ced by 0 infectoria and G creticus
Furthoermore, Cu and Ph wirs derersingd i be pre-
uch 38 P ot
antalis, 8. slba and A ardrachie. Ther con
itz pai e i (b non-nineralised acca.

Relatively higher vakies of P, Wi, Co, M, Fo
o, T, T, o, AL Ne, Ga, ¥, Ce. P, Nd, Sm, Gd
ised areas cape-
ch s the smattest plant
e bighest waluce of
Mo, Zn, Co, Mn, Cd, Ca, Mg, Se and 3
dotcrmined i & il

cialiy in the (" creticns, wl
mang, the suidicd plams.

Accading i fhese raulés it can be easily soid
that avcumutation o gald snd ofer sloments m

e leaves has no pasiuve comelation wilh the s
ol the trues and the depth of the ot

Aczording w  Pahisson’s (1989) study
Swodon, Cu and I'b appear 10 be acconulated in
the roots and the conleats m the leaves remain sl
the narmial level until the soots are saturated

Most probebly bec,
weoted trees Leaves in the minsralisd are sich a5
F aricntalis (Cv, Mg, K, €4, Ca, ndiaciine
, Mo, Mn, €, Na,
G e, 5, Mo, €

cceuse of this reason, the decp

. Se, B, 4. ghitinoze (Au,
d 5 ofba (An, Cu. Ag, Mo,

Mn, Y, B) were found 1 be o
ments, which ars shown in brickels

in some cle-

Some sclected slement’s nomnl oeels of the
Iewves amel e enmparison with the stidicd loaves
in the mincralised and non-mineralisel arens me
shown in “Tabl: 4.

Acencding 1 these veluos, it cin be ity
e thwt 1 b wes cniichesd A5, (1, bin
; Co. i und Se, whoreas s lovad
¥ Na vslnes were found 1o b
they are compared with the mean val.
celevant eler wn by Fim

ues ol ihe

(1969).

Sigs ve comclation were detceted
between AsMn, Fe-Cu, Mo-Ca, baPh, AsPh,
ZnCa ead Mn-Fe. Corelation coeflicients of
sele ieats are shown in
Furthermene, reasorbly high positive

cspecially between e conceniration of
arsemi . Planis conia
cenoeatzations ware foud generally o fave o
lively higher Jevels of gold. Tu other words, “As”
can probzbly b used in some cireunsnCEs in o
peochemical prospeeting to locate the arca of gold
anusrmaly in the study

o o el

£

The concentration and imerrelat
i, Fe, b, Ma In clation with Au ip
nd non-menes

Snme peer
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Table 3: The geochemical analyses of the aurifer-
ous quartz veins and sulphide Jodes.

Cicelge 3:Atun iceren huvars dasiariars ile silfit
damariarmon kimpasal analicteri

& chiemistry of the leaves in gold
earing veins and rock analyses. Same clements,
such a5 Mn, Co, P, Ni and St were found in small
concentrations in the studicd veins and rocks, but
somehow the analysis of the leaves showed that
these clements appeared to be comparatively and
unexpectably high in concentration in the studied
leaves. For insiance the Mn levels in gold bearing
sulphide veins and quartz veins are very low and
range between 100-3000 ppon, whereas the Mn val-
ses in the lcaves vary between 23-516 ppm.

In the same sense, the Co values in the veins
and rocks vary between (3.7-52.2 ppm), Pb (-
2162 ppm), N (9-290 ppm), Sr (1.4-150 ppm),
whereas the values changes in the leaves (0.2-6.5
ppan), (0.28-1 88 ppm), (0.9- 51.5 ppm and (43
67.6) resectively

Perelman (1967) and Rose and others (1979)
pointed out that Mn, Ni, Pb and Co arc slightly
‘mobile (! il i .1-1) el

the rocks and veins found to be very low in con-
centrations in the studied leaves,

The reason for these peculiarities have not been
well understood yet, but most probably it is related
with (he low solubility of those clemeats in water
and/or production of the phytochelatins, thus plants
simply uplake some elements casier than il oth-
ers. According w Rose and others (1979), these
elements considered to be immabile (K < 0.1}

The function of the clements are not always
clearly defined by the authors and there are many
controversics botween the relovant statements, but
gencrally it is said that, Cd, Pb, Zn. Sb, Ag. Ni, He,
Cu, Sn, Au, Bi, Fo and W all induce phy-
tachelatins. According to Grill and others{Grill and
others, 1957), among the cammon metals, Cd is the
strongest inducer, whereas Za appears to be weak
requiring, very high lovel for induction. On the
other hand, Pahisson (1959) stated that Zn and Cu
are cssential elements for higher plants and arc
involved in several metabolic processcs, whercas.
P and €4 arc not known to have any function in
plants, Heavy metals such as Zn and Cu are
required by biological systems as structural and
catalytic components of protcins and enzynies, and
as co-factors essential to normal growth and devel-
opmeat. Tn excess, these micronutrients and related
Theavy metals such as Cd, Hg, Ni and Pb became
extremely toxie to cells (Sicffens, 1990). These
Icavy metal-binding polypepiides are known as
phytochelatins. The roie of phytochelatins in plant
metal tolerance has been the subject of several
recent review (Rauser (1990), Robinson and
Jackson (1986}, Robinson (1990), Tomset and
Thurman (1988)).

Rennenberg  (1987)  poinied  out  that
pytochelatins play & central role in the detonifico-
tion of tals

water under oxidising condition (pH=5-8). But
(hese clements become moderately mabile and nat-
wally the uptake by some plants will be much
stronger, if the axidising condition becomes more
acidic (pH < 4). Because of this reason, it can be
statcd, that the condition should have been strong-
- scidic during the upiake process of the relcvant
plants in the study area.

On the contsary, some elements such as Fe and
Al, which are normally in high concentration in

Many more studics can be given as references
but 5o far no study was found 1o solve all problems
related with the metallic clement uptake regime of
the studied plants.

According to Pablsson (1989), present knowl-
wdge is ot enough to propose  limit for nommal
and toxic concentration of Zn, Ca, Cd, Pb and othet
elements in the plans.

- Most tree specics have mycorthiza which at

.
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i Lo

Finck (1965
Ciselge 4+ fursy secilmiy elementlertn yapia

pelerids drk desor e

e sake it fenasil eimebtasiniien

{1958)" dan ahammgim

orudaks notiel degerlert 12 b
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b P o s o P T s W O b o I
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ST

least af duwer concentration ean proect the mat
from tzking up heavy mets

- Some elements appeared ta he acumlated in
ot stunts and the Goutents in Lhe leaves al a normal
leved until the ronts ere safurated.

- Absenee of etz iy incee
apptek il thus he cisks of the roomajury

i e metal

- Exteinal eondition such as draupht and para-
site attaeks sy eifuct the mineral uptake oime of
he rees.

Furdhermon: the water content of the soif is
found to be vory impartant for the “uplake™ of
heavy wetal clements. As known |, plents will

uptake eapper as Cu 2, Ma as Mi'2 end F

as

Wherever water accupics sll of the pasosi-
e s (stream enviconment snd heavy rin
areas), the wmouwn of exygen o the soil decreases
e ander this redueed condition plants iy uptike
more heavy melals. Probably because of this rea-
son, the leaves of the S alba hove the highest
amount of Ma, Zn, Co, Ma, Cd, Mg asd Se innon-

a8

rmineralised areas “Kager and Katka (1999 and
personal commanication with Prol e Ralat
Yalomn™

The analyses of the RIE in the loaves were nl
found to e useful for compariscn, fust becuise nee
hus mo eha o ormmelize these determined v
ues with amythizg, Nevertheless, the high
of ¥, Ce, Br, N, Sm imd Dy were determined in

o plant aimang, the snudica plants,

CONCLUSIONS

Tioch # and Gieochern

i

concentrations with
"

e ——

strongly witk the soil ¢
some cxaeplions, As a maller uf fct, besices lo
mictallic clement eorten

pliant and soil, such & ingury of reats, deafl, polls
tion may influence the tote! memliic clement son-
tent of plaat’s leaf.

At wes pointed ( some of dhe
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clements ponteat in the soil, such 28 Mn, Ni, Co,
Ph, Sr, Fe and Al are not reflected in relative pro-
parlion in plants leaves.

I genoval, the average vaiues of As, Zn, S, Au,
I, Na, K, Sk, Se, ¥, M, Gd and d
nedt 1o be higher i the loave: of the
shudicd trecs,
zold hoaning quariz veins snd sulphide veins

Fhe size of the troes in the stady do Dot appeat
10 bo importans for fhe accumulation ef the heavy
meislic claments in the loaves, €. cretics, which
is the smallest plant among the studied trees, is.
policad to be most sansitive o the soil chemisiey.
hie €. creticars, contwins Ph, N5, Ca, Cdy M, Fe,
u, Bi, T, Cr, Al, Ne, Ga, ¥, Cc, Pr, Nt Sm emil Dy
in bigher fevel then the rost

Gold aceursalation in the lowves wors deter-
smined 10 have a reasomabils high correlation cosfli-
cicnt with As, This element iy be used to logs
ihe gold anviched aress.

Finally, it s be staled thas the Toaves Gun be
wsed as indicater for fhe gold hearing querz veins
and sulghide bodes.
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GENISLETILMIS OZET

Hatay ili merkezine 11k uzakl
Kiseelk kayil ve gevresinde, alon ve gimiy iern
Jawvars. ve £ilfit damurisnme boladugy bélgede,
Cinar, Sandal, Kb S50 Pirem, Sekizhik,
Citlembik, Karapedit ve Pelit gibi & bitl tirfiaden.
33 yoprak Srmedi ahnersk 50 cloment azerinde
yaplan galrgmeda, bilkilesin, bulundudan bolge-
den exkiienme derceeleri avsgunmisti (Sokil 1.

Sesilen bitkilersadece galipn bolgede yaypn
olmayip, Tickiye'nin bat ve glney taflanmda
i yaymn duamdady, Caligma_esnsindo
\oplenen itk yaprak nunnurcleri, daha dnoeki
caliymatards (Aydal,1989) sitn igerdidi bilin
Keuvars ve silfit danaclan ile, buntarn dokansgin-
deki alterasyon bilgeleriyle doprodan temasty
lunzn agsglerdan ahnmughr, Aynca aym agag
diplerinin, aln ve gimis igermedigi bilinen,

45



mbro, diyaba ve has)
Teringde v

it gibi kayaghecn dzer-
isciilenlon de yaprek dme@ ahnmigti

bty ve gimils igeren fovars ve il damerlar
rudan temasia goiles ki
defierinin ortaluma odorak 3.5 p]nm,nmnnl\lmm
madenle daf temasta belunmadiEn bie |Hﬂgc
den alinen pamumnelesdeki As orstama de;
0656 ppm olarsk bulunmrstur. Renzer 5::”1:\. 2
taloma olarsk (33,36-22.49
b (1LB6-LES pud), e rux

PEbl. O (01280066 g, Co [3.39-027 pp
P (%0E-0.074), Na r@umxru,nw‘n‘mm
O3T), e (0306013 ppmd, Y [0.087-0.06 pprs),

A (116-105.97 ppen, G (0026-0.01) ppmmy, Nl
(0.069-0.038 ppm) ve Sb {05003 8ppm) alarvk
bubnnsmugi (Cizelge ()

funun yamsir, bir o it da
faryks dofrudan bir baglnl goriimeyen blgch-
i Tirkiler kullamilarak, yaplan calismada,
b ke itotorin, Gzellike, brrhmduklan bitgedekt
diteabaike kayackrdin ctislendivler ve Me,

Fe, Mo, Ce, 1, S, Ba, AL I, Prve Co dafir.
tosinin daha yitksck uls\ugu belidlenmigis, Buna
i, b hilgedek bitkilorden ekl cdilen My arta-

lama deferi % 0422 iken, kuvars ve
s damarlare fverindeki .nlkwlmdr % 0342
oldugu, beover gekilde Ni degerinin ortalima
olatak her ki bolpede (15.12-4.31 ppm), Fe
40.057-0.027), Mo (0.0313-0.007 o, o
{1.36:0.85 ppm). B (33.0-25.66 pprm} S
2007 pp), Ba (347326 ppun), Ca (% LEX)!S-
0.93), Al (% 0.033-0021), Bi (0.036-0.032 ppm),
Hy (1431051 ve Ce defierinin (0.134-0.116
Ppm) gibi ferkliliklar pistesdii Selislenmigtic

ek, kuryankadiniyum ve cva’nn ortzmds
sruman bitki meisbolizmusim: 3

dan
ve zehirfemmeye sebep oldugn bili

RO

cudeki Ts, Ga, N, Sim ve Dy lh,gr'l'ler\ k]
gestermensekladin, Aprica,  bitl
La, 15, W, 7, Ho, 'th,
ise dedehidyon Hmitien
&rlencremistic

bir bagka Snenli sonets
s 50 v ol

baght mm.g
konmus abwisdic R

ezde ol miktada ohwal
demir ve aliminyum

chehiyle yapraklanda
mmakeadir.

farglk, Mo Cor P, Ni, ve S aibi ,pa‘mlnn
lgrde oldukg e buluada

syepralurds aldukca fuzla degerde kabilmeklo.
di

Gl b bulomalan onndan e ok
etkilenen bilkilerin ®

i
Cd (Maden bilgesi), Bi, P,
Pr, N, Sm, 038 ve Dy (madence sic
5 en ok Pirom tarafindan binyeye
shadigs, buoun yanissa Mo, Zn, Ca, M, Se
bolgesinde, Co, Mit ve C'un o
Jann buiunmudsd sicrit
aenginlegiii belironmigtir

g belirtcnmistir,
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