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RUDNY ALTAI VMS PROVINCI

The Rudny Altai VMS Prevince extends over 500
km along the north-eastetn border of Kazakhstan.
d'he main resoutces ate concentrated in the

ILeninogotsk and the Zyryanovsk Ote Regions,
wherte they ate associated with Devonian
volcanogenic-sedimentary rocks. T'he metal
tesetves (Zn-Pb-Cu) total approximately 25 million
tonnes in the Ileninogorsk Region and 2() million
tonnes in the Zyryanovsk Region.




NEW EXPLORATION

The known otebodies in the 20,000/ km* Leninogorsk and! Zytyanoysk
Regions now ate all but exhausted and there is an urgent need to
discever new resetves. T'o meet this need, the joint stock company “AO
Kazzinc” has commenced exploration of the region based on IONEX
technology.

IExploration using IONEX technology invelves a sequence of four
stages that start withi a treconnaissance geochemical sutvey and
continue with progressively more detailed work in selected areas.

IONEX technology is based on mapping geochemical systems at
vatious' scales and identifying the entichment and depletion zones; of
ote-forming and associated elements in the systems. (The distribution
of enrichment and depletion zones in a geochemical system is; teferted
0, as, “polar zoning>>)




MODEL OF GEOCHEMICAI ORE SYSTEMS

Contour of geochemical ore system

It has been found that geochemical

systems in ore bearing areas contain Enrichment zone
zones where elements are entiched e
relative to background and zones where

they are depleted relative to background

and that this so-called “polar zoning” is

present in the geochemical systems at all

scales. That is to say the geochemical

systems are fractal.

Exploration using IONEX technology:
involves mapping geochemical systems Eilo chmentzone

of iron group

of various scales and then identifying: DL

= polar zoning of the distribution
of ore-forming elements

= polar zoning of the distribution
of ferrous group elements

Depletion zone
of ore-forming
elements

Depletion zone
of iron group
elements




SAMPLE COLLECTION

Samples for the tegional reconnaissance stage of exploration: in
the ILeninogorsk and Zyryanovsk Regions wete taken using

helicoptet and ground! transpoxt.




SAMPLE COLLECTION

Samples tor the tegional reconnaissance stage of
exploration in the ILeninogotsk and Zyryanovsk Regions

oni 2 gtid of 5x5 km.

5070 ot the regions was| i mines and coveted areasiand
was inaccessible for taking rock samples on a tegular
otid.

The weight of each rock sample was ~ 1kg.

Total numbet of samples taken — 685.




ANALYSIS

Tihe chemical analysis method used was inductively coupled
plasma mass specttometty.

Samplesiwere analysed tor a broad range of clements.

I'his presentation provides data for Zn, Pb - the main ote
clements ol the regions and! ot 11 — which 1s the most
charactetistic sidetophile element in the regions.

T'he limits of detection wete Zn — 5 ppmy, Phi— 3 ppm, 11—
0.05% - each lower than the Clatke value for the tock types
present i this regions.

Quality control was provided by analysis of 30 samples. The
random error shows to the good quality of the analyses




GEOLOGICAL MAP OF LENINOGORSIK
AND ZYRYANOVSK REGIONS

The Rudny Altai Province is

vefTT 2 oEERs

flanked on its western side by KBS N £ S ogERS T
X RS O TS . 10

the deeply penetrating  Irtysh g& AN AN 1 <X 11
Sheat Zonerwhich separates the A X

Province from the western
Kalba Region. On its castern
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GEOLOGICAL MAP OF THIE
LENINOGORSK AND ZYRYANOVSK
REGIONS
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to a depth of 20 km and
that the North-IEast Sheat

Zone extends toa depth of
about 60 km




GEOLOGICAL MAP OF LENINOGORSIK
AND ZYRYANOVSK REGION

Down to depth of =10 kim' the tegions | i X oeE r.=7
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have a two-layet structute: e
- a lower (Caledonian, S,-ID) layer — RN :':
sandstone, phyllites and RSN N =l

greenschist.

ovetlain with angular discordance by

- an upper (Hercynian, D,-D,) layer
—  volcanogenic — sedimentaty
formations.

T'he main VIVIS, mineralization fs/ linked
spatially to the Hercynian layer.




GEOLOGICAL MAP OF LENINOGORSIK
AND ZYRYANOVSK ORE REGIONS

The upper layer 1S exposed
matnly 0 the centte of area
where it consists of catbonate

and' tetrigenous, deposits (IDx-

C€)), of gabbros gtanodiotites
and granites (C,-C;), and

granites (P,)

Granites are exposed over
about ~30% the atca.

o] 2 o R 8
bEEE 3 o[= ]9
([T 10
XX
=]12




DISTRIBUTION OF ZINC
LENINOGORSK AND ZYRYANOVSK
RE

Thete are 3 main Zn
populations’ in the
ILeninegorsk and Zyryanovsk
Regions:

Cum. frequency (%)

< 05 ppm — depletionizone A

65— 1150)ppm — background | AT LTI T T T

and avetage (101ppm) isivery
close to Clatke value

>150 ppm — enrichment zone .Cumulative distribut.ion plot of Zn
in host rock of Leninogorsk and

Zyryanovsk Ore Regions




DISTRIBUTION OF ZINC

Leninogorsk
Geochemical System

Zyrianovsk
Geochemical System
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Cumulative distribution plot of Zn
in host rock of Leninogorsk and
Zyryanovsk Regions




DISTRIBUTION OF ZINC

Leninogorsk
Geochemical System

Zyrianovsk
Geochemical System
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SNINOGORSK REGION

In the Leninogorsk Region the
enrichment zones cover ~2,450 km?. Ore
deposits are localized mainly along the
periphery of enrichment zones.

The depletion zones are located around
enrichment zones and cover ~2,400 km?.

The depletion and enrichment zones could
d be outlined as a single Leninogorsky
geochemical system.




DISTRIBUTION OF ZINC
/YRYANOVSK REGION
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In the Zyryanovsk Region (II) the
éi%i?ﬁ;&ﬁi& Sysem enrichment zone covers ~350 km?. Ore
deposits are localized mainly inside or
along the periphery of the enrichment

Zyrianovsk Zone.

Geochemical System

The depletion zones are located around
the enrichment zones and cover ~1,300

A there is the Ormansk Ore Cluster (III). It
@@V is outlined as part of the Zyryanovsk
g geochemical system




DISTRIBUTION OF LEAID
LENINOGORSK AND ZYRYANOVSK
REGIONS

T'hete are 5 main I’b pepulations
in the ILeninogotsk and
Zytryanovsk Regions :

< 12 ppm — depletion zone

12— 28 ppm — backgtound and
avetage (19.2ppm) isivery close
to Clatke value

=28 ppm — entichment zone
Cumulative distribution plot of Pb
in host rock of Leninogorsk and
Zyryanovsk ore regions




DISTRIBUTION OF LEAID
CNINOGORSK AND ZYRYANOVSK

Leninogorsk
Geoche;nical System

Zyrianovsk
Geochemical System
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Cumulative distribution plot of Pb
in rocks of the Leninogorsk and
Zyryanovsk Regions
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DISTRIBUTION OF LEAD
ENINOGORSK REGION

In Leninogorsky Region
enrichment zones cover ~1,700
km?. Ore deposits are localized
inside or along the periphery of
enrichment zones.

The depletion zones are located

around enrichment zones and
cover ~2,400 km?.




DISTRIBUTION OF LEAD
/YRYANOVSK REGION

Leninogorsk
Geoche;nical System

/

Zyrianovsk
Geochemical System

In Zyryanovsk Region
enrichment zones cover ~550
km?. Ore deposits are localized
inside or along the periphery of
enrichment zones.

The depletion zones are located
around enrichment zones and
cover ~2,400 km?.

There is the enrichment zone
called the Ormansk Ore Cluster
(IIT) in western part of the
Zyryanovsk Region




DISTRIBUTION OF TTITANIUM
LENINOGORSK AND ZYRYANOVSK
REGIONS

There are 3 main 11
population of the
ILeninegorsk and
Zytryanovsk Regions:

< (.2% — depletion zone

0:2— 0.5 % — background
and average (0:535%0)

>0.5 % — enrichment zone
Cumulative distribution plot of Ti
in host rock of Leninogorsk and
Zyryanovsk ore regions




DISTRIBUTION OF TTITANIUM
CNINOGORSK AND ZYRYANOVSK
REGIONS
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DISTRIBUTION OF TITANIUM
ENINOGORSK REGION

In Leninegoetsk Region the
main 17 enrichment zone forms
a  horseshoe-shaped anomaly
around the Zn and Pb
enrichment zones. The width of
this Ti anomaly: is 5-15km and
its diameter is ~60 km. At its
centte there is a depletion zone.
The majoerity of deposits are
inside this 2zone or in its

petiphery.




DISTRIBUTION OF TITANIUM
/YRYANOVSK REGION

In the Zyryanovsk tegion the
main 11 enrichment zone forms
a ting-shaped anemaly atound

o the Zn and Pb enrichment
zones. The width of this
anomaly is 5-10km and its
diameter is ~50 km. At its
centre there is, a 11 depletion
zone. T'he majortity of deposits
are inside this Ti enrichment
zone or 1n its periphery.




MODEILL OF GEOCHEMICAL SYSTEM O
THE LENINIGORSK REGION

I'he geochemical ote
system of this region is \((g\\\\\}\&\}.ﬁ_.%
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chatsacterized by polar zonin | t""l T G A==\
, J1E- , yp y = \&!!!l"ll'lmu-uﬁﬁﬁ' = =
in distribution of ote-forming \ 5

elements (Zn, Pb) and
siderophile elements (11).




MODEILL OF GEOCHEMICAL SYSTEM O
THE LENINIGORSK REGION

The ote deposits are

localized in entichiment zones ((g\\\\

of Zn, which are surrounded T et o =
f e , \&!!!l"ll'lmu-uﬁﬁﬁ' —
by an' entichment zone of 11i. \

All of them are surrounded by,
depletion zone of Zn




MODEILL OF GEOCHEMICAL SYSTEM O
THE LENINOGORSK REGION
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MIASS BALANCE CAILCULATION OF Zn
LENINOGORSK REGION
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Erom this data it can be seen that:

T'he deficit of Zn'in depletion zones' closely corresponds to the
quantity of this metal in the entichment zones. The total mass of
tedisttibuted Zn isi ~2000 millien tons




MIASS BALANCE CAILCULATION OF Zn
LENINOGORSK REGION
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Erom this data it can be seen that:

T'he reserves of Zn in alll deposits of ore region (23Mit) atre two

otders less then a quantity of Zn in the entichment zenes, (2500
Mt)




MODEIL OF GEOCHEMICAL SYSTIEEMS IN THE
LENINOGORSK AND ZYRYANOVSK ORE
REGION

The areas of depletion and

precipitation ate linked by \\m \ =
transition Zones. \ A e

h“—&-.w&m

The depletion zones should be
seen as areas of ore element
mobilisation.

T'he combination of'depletion-
transition-precipitation Zones
can be called as ote-forming
systems.




PROSPECTIVE AREAS FOR
EXPLORATION IN STAGE 11

einoor I'he stage I wotk has made it

VA possible to identify the nuclef
within — the  geochemical

Shocpemicl sysem systems.

The size of the depletion
zones  assoclated wiltly the
systems’ nuclet has  helped
determine the potential and
the priotity of ateas fot the
next stage of exploration.




PROSPECTIVE AREAS FOR

EXPLORATION IN STAGE 11

einoors As a sesult of the first stage of
work on the 20 000 km? arca,
the area for follow up
ey cxploration has been reduced
by 60706 and the most promising

arcasi singled out.

Curtently detailed! exploration 1S
being carried out in the most
promising. atcas.

Zn, ppm  65.0 150.0

etion  Ba und
0 10 km




