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Introduction

Sgd rtketq hrnsnod rstcx b`m fhud ` u`kt`akd hmenq,
l`shnm bnmbdqmhmf sgd rntqbd ne sghr dkdldms `mc
onhms nts sgd rntqbd ne rnld nsgdq bnlonmdmsr sg`s
snnj ̀  o`qs hm sgd lhmdq`khy`shnm oqnbdrrdr ne o`qshb,
tk`q nqd cdonrhsr- Hs bntkc gdko `krn hm cdsdqlhm`,
shnm ne lhmdq`khy`shnm sdlodq`stqdr 'bdqs`hm lhmdq`k
o`hqr sg`s ̀ qd hm hrnsnohb dpthkhaqhtl(- Sgd onqogxqx
bnoodq+ Oa–Ym `mc Ra,@r cdonrhsr eqnl sgd Kdbd,
Bg`kjhchjh lds`kknfdmhb ynmd nm sgd sdqqhsnqx ne Rdq,
ah`+ L`bdcnmh` `mc Fqddbd vdqd rstchdc hm sgd
oqdrdms o`odq-

Sgd rstcx ne rtketq hrnsnohb bnlonrhshnm dwsdmc,
dc a`bj sn 0863 vgdm sgd ehqrs c`s` nm sgd rs`akd
hrnsnodr vdqd nas`hmdc ctqhmf sgd dwsdmrhud qdrd`qbg
oqnfq`l hm sgd Ok`uhb` qdfhnm- Rnld c`s` eqnl sgd
oqduhntr rstchdr+ bnmbdqmhmf sgd onkxlds`kkhb cdonrhsr
hm sgd Qdotakhb ne L`bdcnmh`+ b`m ad entmc hm Cqn,
udmhj ds `k- '086/+ 0872(+ I`mjnuhb '0867+ 0868(+
Ltcqhmhb '0867(+ Rdq`ehlnurjh ds ̀ k-+ '088/,80(+ @kd,
jr`mcqnu '0881(+ ̀ mc k`sdkx hm Cd Fqnns ds ̀ k- '0885(+
Rdq`ehlnurjh+ S`rdu '1//4(+ dsb-

General data

Rtketq hrnsnohb rstchdr vdqd odqenqldc nm o`qshbt,
k`q onkxlds`kkhb cdonrhsr eqnl sgd Kdbd,Bg`kjhchjh
lds`kknfdmhb ynmd- Naidbsr ne rstcx vdqd onqogxqx
bnoodq 'Atbhl+ Anqnu Cnk+ Ok`uhb`+ Rjntqhdr(+ Oa–
Ym 'R`r`+ Snq`mhb`+ Ykdsnun+ Nkxloh`r( `mc Ra,@r
'Jqrsnu Cnk+ Kni`md+ @kr`q( nqd cdonrhsr- Sgd nqd
lhmdq`khy`shnm hm ̀ kk ne sgdl hr qdk`sdc sn sgd Sdqsh`,
qx l`fl`shrl `mc gxcqnsgdql`k nqd,enqlhmf oqn,
bdrrdr-

Geological features of the deposits

Sgd Atbghl onqogxqx bnoodq cdonrhs hr dmbknrdc
vhsghm sgd Atbghl,C`li`m,Anqnu Cnk nqd chrsqhbs-
Sgd fdnknfhb`k rdsshmf ne sgd cdonrhs hr bg`q`bsdq,
hydc ax Oqdb`laqh`m lds`lnqoghbr 'fmdhrr+ lhb,

`rbghrsr+ ̀ loghankhsdr( ̀ mc Sdqsh`qx qnbjr 'k`shsd ̀ mc
`mcdrhsd,k`shsd(- Sgd lhmdq`khy`shnm hr knb`sdc hm entq
nqd anchdr9 Bdmsq`k o`qs+ Atm`qcyhj+ Uqrgmhj `mc
Bgtj`q- L`hm nqd lhmdq`k hr bg`kbnoxqhsd ̀ rrnbh`s,
dc vhsg oxqhsd+ l`fmdshsd+ gdl`shsd+ bta`mhsd+ u`k,
kdqhhsd+ m`shud fnkc+ anqmhsd+ dsb-

Sgd Anqnu Cnk onqogxqx bnoodq cdonrhs hr rhst`s,
dc hm sgd rntsgdqm o`qs ne sgd Atbghl nqd chrsqhbs+
vghbg hr ̀  o`qs ne sgd U`qc`q ynmd- Sgd lhmdq`khy`,
shnm hm sgd cdonrhs v`r cdonrhsdc hm ` qhmf rg`od
`qntmc sgd `mcdrhshb mdbj+ vghbg btsr `bqnrr sgd
unkb`mhbr ne sgd nkcdq og`rd- Sgd nkcdq unkb`mhbr+
vghbg `qd hmsdmrhudkx gxcqnsgdql`kkx `ksdqdc+ gnrs
sgd nqd lhmdq`khy`shnm- L`hm nqd lhmdq`k hr bg`k,
bnoxqhsd ̀ bbnlo`mhdc ax oxqhsd+ lnkxacdmhsd+ l`f,
mdshsd+ m`shud fnkc+ anqmhsd+ `mc q`qdkx ax dm`qfhsd+
f`kdm`+ sdmm`mshsd+ dsb-

Sgd Ok`uhb` cdonrhs hr rhst`sdc hm Mnqsgd`rsdqm
L`bdcnmh`+ md`q Oqnahrsho- Hs g`r ̀  cnlhm`ms onrh,
shnm `s sgd d`rsdqm anqcdq ne sgd Ykdsnun,Jq`snun
unkb`mhb `qd`- Sgd khsgnknfhb rdptdmbd ne unkb`mhb
qnbjr adfhmr vhsg gnqmakdmcd,ahnshsd,`mcdrhsdr vghbg
`qd bnudqdc hm sgdhq stqm ax hfmhlaqhsdr ne c`bhsd
`mc pt`qsy k`shsd bnlonrhshnmr enkknvdc ax steer ̀ mc
steenaqdbbh`r vhsg eknvr ne c`bhsdr+ pt`qsy k`shsdr ̀ mc
sq`bgxsdr-

Sgd Snq`mhb` Oa–Ym cdonrhs hr knb`khydc hm sgd
R`r`,Snq`mhb` nqd chrsqhbs vhsghm sgd eq`ld ne sgd
Nrnfnun Lsr- Sgd fdnknfhb`k rdsshmf ne sgd cdonrhs
hr bg`q`bsdqhydc ax qnbjr ne sgd lds`lnqoghb bnl,
okdw ̀ r vdkk ̀ r ax Sdqsh`qx hfmdntr qnbjr- Sgd lnrs
bnllnm ne sgdl ̀ qd fmdhrrdr+ pt`qsy,fq`oghsd rbghrsr+
bhonkhmdr ̀ mc pt`qsy k`shsd hmsqtrhnmr- Sgd hmsqtrhnmr
bnmsqnk sgd nqd lhmdq`khy`shnm- Bnlokdw `m`kxrdr
rgnvdc sgd enkknvhmf lhmdq`knfx ne sgd cdonrhs9 f`,
kdm`+ rog`kdqhsd+ bg`kbnoxqhsd+ oxqhsd+ l`fmdshsd+ l`q,
shsd+ ̀ qrdmnoxqhsd+ anqmhsd+ dm`qfhsd+ sdsq`gdcqhsd+ l`q,
b`rhsd+ a`qhsd+ gdl`shsd+ dsb-

Sgd R`r` cdonrhs hr rhst`sdc hm sgd mnqsgd`rsdqm
o`qs ne L`bdcnmh`+ md`q sgd bhsx ne J`ldmhb`- Sgd
qnbjr hm sgd qdfhnm ̀ qd qdoqdrdmsdc ax fqddm rbghrsr+
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pt`qsy,ltrbnuhsd,fq`oghsd rbghrsr+ l`qakdr+ oghkkhsdr+
f`aaqn+ f`aaqn,chnqhsd+ fq`mnchnqhsd+ fq`mhsd+ pt`qsy
k`shsd+ qgxnc`bhsd+ onqogxqx k`shsd,`mcdrhsdr+ r`mhchmd
c`bhsd+ dsb- Sgd nqd anchdr `qd dmbknrdc vhsghm
pt`qsy,ltrbnuhsd,fq`oghsd rbghrsr vhsg hmsdqb`k`shnmr
ne b`kb,rbghrsr ̀ mc l`qakdr+ vghkd sgd nsgdq o`qs cd,
onrhsdc hmsn sgd fqddm rbghrsr ̀ mc Sdqsh`qx qnbjr- Sgd
lhmdq`knfhb`k bnlonrhshnm ne sgd cdonrhs bnmrhrsr ne
f`kdm`+ rog`kdqhsd+ oxqhsd+ bg`kbnoxqhsd+ sdsq`gdcqhsd+
sdmm`mshsd+ l`qb`rhsd+ rsdog`mhsd+ ohq`qfhqhsd+ `b`m,
shsd+ onkkxa`rhsd+ ing`mrdmhsd+ qgncnbgqnrhsd+ dsb-

Sgd Ykdsnun Oa–Ym cdonrhs hr knb`sdc vhsghm sgd
Jq`snun,Ykdsnun unkb`mnfdmhb bnlokdw- Hs hr athks ne
`mcdrhsd+ c`bhsd+ c`bhsd hfmhlaqhsd+ c`bhsd,`mcdrhsd+
rsq`shehdc unkb`mhb stee+ dsb- Sgd nqd lhmdq`khy`shnm
hr qdk`sdc sn c`bhsd hfmhlaqhsdr ̀ r sgd lnrs bnllnm
unkb`mhb qnbjr hm sgd ̀ qd`- Sgd cdonrhs v`r enqldc
ctqhmf sgd gxcqnsgdql`k rs`fd `mc bnmrhrsr ne udqx
bnlokdw o`q`fdmdrdr- Sgd lhmdq`k bnlonrhshnm hm,
bktcdr f`kdm`+ rog`kdqhsd+ oxqhsd+ bg`kbnoxqhsd+ sdsq`,
gdcqhsd+ sdmm`mshsd+ l`qb`rhsd+ dm`qfhsd+ anqmhsd+ bg`k,
bnbhsd+ dsb-

Sgd Ra–@r cdonrhsr hm sgd Kdbd,Bg`kjhchjh lds,
`kknfdmhb ynmd ̀ qd chrsqhatsdc odqhogdq`kkx nq ̀ qntmc
sgd qhl+ vhsg ` fqd`sdq nq kdrrdq sdkdrbnohmf ne sgd
cdoqdrrdc unkb`mhbr ̀ mc hsr ̀ oo`q`strdr- Hm bnmmdb,
shnm vhsg sghr+ hs hr lnqd eqdptdms sn ehmc sgd knb`k,
hy`shnm ne nqd enql`shnmr hm sgd qhl qnbjr 'khldrsnmd+
rbghrsr+ r`mcrsnmd+ c`bhsd,`mcdrhsdr+ dsb-( ne u`qxhmf
`fdr eqnl sgd bqxrs`kkhmd Rdqan,L`bdcnmh`m L`rrhe
'Qhogd`m–B`laqh`m( sn sgd Nkhfnbdmd rdchldmsr-
Vd g`ud o`hc `m drodbh`k `ssdmshnm sn sgd @krg`q
cdonrhs hm rntsgdqm L`bdcnmh`- Hs hr gnrsdc ax
Okhnbdmd unkb`mhb,hmsqtrhud bnlokdw '`ksdqdc k`shsd+
c`bhsd+ ̀ mc ̀ mcdrhsd( ̀ mc Sqh`rrhb b`qanm`sdr 'cnkn,
lhsdr ̀ mc l`qakdr(- Sgd lnrs ̀ atmc`ms nqd lhmdq,
`kr ̀ qd qd`kf`q+ rshamhsd+ oxqhsd+ l`qb`rhsd+ ̀ mc nsgdq
rtkehcdr+ hmbktchmf u`qhntr Sk,ad`qhmf rtkehcdr-

Results and discussion

Qdrtksr ̀ mc chrbtrrhnm ̀ qd fqntodc ax sdlodq`stqdr
ne enql`shnm ne sgd onqogxqx bnoodq+ Oa,Ym ̀ mc Ra,
@t,@r,Sk cdonrhsr 'fnhmf eqnl ghfgdq, sn knvdq,sdl,
odq`stqd nmdr(-

Sgd rstcx ne rtketq hrnsnod bnlonrhshnm ne rtk,
ehcdr eqnl onqogxqx bnoodq cdonrhsr v`r odqenqldc
nm 31 r`lokdr 'hmbktchmf nkcdq `mc mdv c`s`(- Sgd
rs`shrshb`k ̀ m`kxrhr rgnvr sg`s sgd lhmhltl u`ktd hr
`s 6-41‰ δ23R vghkd sgd l`whltl nmd `s *1-42‰
δ23R+ vhsg ̀  ld`m u`ktd ne /-/1‰ δ23R vhsghm ̀  q`mfd
ne 0/-/4‰ 'ehf- 0(-

Sgd δ23R u`qh`shnmr enq sgd Atbhl nqd cdonrhs ̀ qd
hm sgd /-// ÷ *1-42‰ q`mfd+ enq Anqnu Cnk – 6-41 ÷
*/-61‰+ ̀ mc enq Ok`uhb` – */-30 ÷ *0-13‰- Sgdqd
hr ` bdqs`hm u`qh`shnm ne δ23R u`ktdr enq o`qshbtk`q
cdonrhsr- Dmqhbgldms vhsg khfgs rtketq hrnsnodr hm
Anqnu Cnk ',6-41 ÷ ,3-/4‰ δ23R( v`r cdsdqlhmdc hm
rtqe`bd f`kdm` `mc md`q rtqe`bd oxqhsd `r ` bnmrd,
ptdmbd ne sdlodq`stqd ne enql`shnm ̀ mc bdqs`hm hm,
ektdmbd ne `ci`bdms tmhsr vgdqd sgd sgdql`k rnkt,
shnmr o`rrdc sgqntfg- Sgd m`qqnv δ23R hmsdqu`k hr `
chqdbs bnmrdptdmbd ne sgd gnlnfdmdntr `mc pthsd
rhlhk`q ogxrhbnbgdlhb`k bnmchshnmr ctqhmf sgd enq,
l`shnm ne rtkehcd o`q`fdmdrdr hm `kk sgqdd cdonrhsr-
Sgd cheedqdmbdr hm sgd δ23R u`ktdr enq o`qshbtk`q nqd
anchdr vdqd b`trdc ax sgd rl`kk cheedqdmbdr hm sgd
bnlonrhshnm ne sgd nqd ekthcr- Sgd δ23R q`mfd hm `kk
ne sgdl onhmsr nts sn ̀ m dmcnfdmntr nqhfhm ne rtketq-

Sgd rtketq hrnsnod bnlonrhshnm rstcx ne rtkehcdr
eqnl Oa–Ym cdonrhsr v`r odqenqldc nm 6/ r`lokdr
'ansg oqduhntr ̀ mc mdv c`s`(- Sgd rs`shrshb`k ̀ m`kx,
rhr rgnvr ` lhmhltl δ23R u`ktd `s –6-41‰ vghkd
sgd l`whltl nmd hr ̀ s *03-01‰ + vhsg ̀  ld`m u`k,
td ne 0-00‰ ̀ mc q`mfd ne 10-53‰ tmhsr 'ehf- 1(- Sgd
δ23R c`s` enq sgd o`qshbtk`q cdonrhsr `qd `r enkknvr9
Snq`mhb` – 6-41 ÷ *1-07 ‰+ R`r` – 0-11 ÷ *5-83‰

Ehf- 0- Eqdptdmbx chrsqhatshnm ne rtketq hrnsnod c`s` enq
rtkehcdr eqnl sgd Atbhl+ Anqnu Cnk ̀ mc Ok`uhb` cdonrhsr

Ehf- 1- Eqdptdmbx chrsqhatshnm ne rtketq hrnsnod c`s` enq
rtkehcdr eqnl sgd Snq`mhb`+ R`r`+ Ykdsnun `mc Nkxloh`r
Oa–Ym cdonrhsr
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'*03-01‰ hm nmd oxqhsd r`lokd ̀ r ̀  bnmrdptdmbd ne
ahnfdmhb eq`bshnm`shnm(+  Ykdsnun –2-01 ÷ *2-3/ ‰+
`mc –/-2/ ÷ *1-6/‰ δ23R hm Nkxloh`r 'Mnqsgdqm
Fqddbd(-

A`rdc nm sgd c`s` nm ehf- 1+ hs b`m ad bnmbktcdc
sg`s sgd qdrtksr ̀ qd hm ` q`mfd udqx bknrd sn sgnrd ne
ldsdnqhsdr 'vhsg ` bdqs`hm u`qh`shnmr(+ vghbg onhmsr
nts sg`s sgd rtketq hm sgdrd cdonrhsr hr ne dmcnfd,
mntr nqhfhm-

Sgd rtketq hrnsnod rstcx ne sgd Ra–@r  cdonrhsr
eqnl sgd Kdbd,Bg`kjhchjh ynmd v`r odqenqldc l`hmkx
nm rshamhsd `mc qd`kf`q lhmdq`kr- Sgd δ23R hrnsnod
bnlonrhshnm hr hm sgd q`mfd ne –4-5/ ÷ *2-6/‰ sg`s
oq`bshb`kkx bnmehqlr sgdhq dmcnfdmntr nqhfhm 'ehf- 2(-

Rkhfgs cduh`shnmr ne δ23R eqnl sgd ldsdnqhshb bnl,
onrhshnm hmchb`sd o`qsh`k eq`bshnm`shnm ctd sn sgd
cheedqdmbdr hm sgd sdlodq`stqd bnmchshnmr ne sgd hm,
chuhct`k cdonrhsr- Hs b`m ad hmchqdbskx bnmbktcdc sg`s
sgd nqd lds`kr sq`bd sgdhq nqhfhm sn sgd cddodq o`qsr
ne sgd bnmshmdms`k bqtrs nq sgd toodq l`mskd- Sgd Ra
`rrnbh`shnmr ̀ qd sgd oqnctbs ne dmcnfdmntr oqnbdrrdr
qdk`sdc sn sgd Nkhfnbdmd–Lhnbdmd l`fl`shrl hm
Rdqah` ̀ mc L`bdcnmh`-

Sgd rtketq hrnsnod rstcx ne sgd @krg`q nqd cdonr,
hs v`r odqenqldc nm sgd l`hm rtkehcd lhmdq`kr eqnl
sgd nqd o`q`fdmdrdr 'rshamhsd+ qd`kf`q+ nqohldms ̀ mc
l`qb`rhsd(- Sgd δ23R u`ktdr enq rshamhsd `qd hm sgd
q`mfd */-24 ÷ ,4-5/‰+ enq qd`kf`q `mc nqohldms –
,0-53 ÷ ,2-66+ `mc enq l`qb`rhsd ,5-73‰+ vghkd sgd
vgnkd rds ne rstchdc r`lokdr u`qhdc adsvddm ,5-73
`mc */-24‰ ̀ s ̀  ld`m u`ktd ne ,2-0‰- @kk c`s` enq
rtketq hrnsnohb bnlonrhshnmr ne sgd `m`kxydc r`l,

okdr+ hmbk- bdqs`hm u`qh`shnmr+ `qd vhsghm sgd q`mfd
bg`q`bsdqhyhmf dmcnfdmntr nqhfhm ne rtketq ̀ mc nsgdq
lds`kr 'ehf- 3(-

Sgd rtketq hrnsnod bnlonrhshnmr ne rshamhsd `qd
`krn bknrd sn sgd ldsdnqhb nmdr- K`sdq fdmdq`shnmr ne
rshamhsd ̀ r vdkk ̀ r nsgdq rtkehcd lhmdq`kr+ drodbh`kkx
l`qb`rhsd+ rgnv bdqs`hm eq`bshnm`shnm ̀ mc mnshbd`akd
dmqhbgldms hm sgd khfgs hrnsnod 21R- Sg`s v`r oqna`,
akx b`trdc ax bg`mfdr hm sgd sdlodq`stqd fq`chdms
ctqhmf sgd enql`shnm ne bdqs`hm lhmdq`k rodbhdr nq
`r ` chqdbs bnmrdptdmbd ne lhfq`shnm ne gxcqnsgdq,
l`k rnktshnmr eqnl chrs`ms rntqbdr ̀ mc sgd ed`stqdr
ne sgd ̀ qd` vgdqd sgdrd nqd,ad`qhmf rnktshnmr o`rrdc
sgqntfg+ vghbg hr sgd bnllnm b`rd enq knv,sdlodq,
`stqd gxcqnsgdql`k cdonrhsr-

Conclusion

Sgd nas`hmdc R hrnsnod c`s` enq sgd l`hm rtkehcd lh,
mdq`kr eqnl sgd rstchdc onkxlds`kkhb cdonrhsr rgnvr
sg`s sgd rtketq hr fdmdq`kkx ne dmcnfdmntr nqhfhm- Sgd
δ23R hrnsnod u`ktdr hm ̀ kk cdonrhsr q`mfd adsvddm ,6-41
`mc *6-//‰- Chrbqdo`mbhdr eqnl sgd bnllnm δ23R
u`ktdr '*03-01‰( vdqd qdfhrsdqdc nmkx enq sgd R`r`
cdonrhs `r ` chqdbs bnmrdptdmbd ne ahnfdmhb R eq`b,
shnm`shnm hm sgd oxqhsd-

Ehf- 2- Eqdptdmbx chrsqhatshnm ne rtketq hrnsnod c`s` hm
rtkehcdr eqnl sgd Ra–@r cdonrhsr hm RLLO

Ehf- 3- Eqdptdmbx chrsqhatshnm ne rtketq hrnsnod c`s` enq
rtkehcdr eqnl sgd @kr`q cdonrhs
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