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Chapter 8 Development Plan of the Zhaman-Aibat Mine

8-1 Geology and Ore Deposit

Aécording to the previous survey results, geology and ore deposit offﬁc-Zhaman~Aibal Deposit
are summarized as follows:

(1) Typeof deposil: Stratiform Cu
(2) Countsy tock: Sandstone, siltsione and agglomerate in the Carboniferous and Permian Ages.

(3) Ore horizon: 10 (ten) ore horizons ore confirmed. Herizon 4-1 is the only minable one and
- contains 80~90 % of the total ore reserves in the Zhaman-Aibat Deposit.

.

(4) Occurrence of ore deposil:

« Distribution of ore deposit: 12km (E-W)X3km {N-85)
* Orebodies: Three orebodies, namely; Eastern, Central and Norlhern orebodies are
confirmed. ' - ' " '
* Depth below the ground surface: -350m (eastern end of Eastern orebody) ~ -710m (western
end of Northemn orebody) minable depth is -48Gm (Eastern orebod)) ~-650m (Central
orebody).
* Thickness of ore: 0.3 ~ 16 m, average 5.15m.

- Faults elc.: A deép-seated favult islocated bencaththe Northern on.body Some small faults
with E~W direction are confirmed both in the Eastern and Central orebodies.

(5) Ore type:

* Mineral composition
Cu minerals: chalcocile, digenite, djurleite, bornite, chalcopyrite
Pb mineral: galena
Zn mineral: sphalerite
Ag minerals: elécirum, slromeyeriic
others: pyrite

Orc type

Cu oré: mainly Cu minerals
Complex Ore: Cu, Pb and Zn minerals

8-2 Minable Ore Reserve Catculation
8.2-1 Database

The data used for geological seserves estimation in chapter 3-1 are stored ini the Zhaman-Aibat
Database, and were also used in the minable ore resefve estimation.
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They are;
(1) Drilling data
(1)-a Coordinates of drill collar {x, y, 2)
(1)-b Drilt inclination data (azimuth, degree)

(2) Chemical assay data of drill cores
(2)-2 Sampling deplh and interval
(2)-b Chemical assay data; Cu (%), Pb (%), Zn (%), Ag (g/0), Re (g/t), S (%)

{3) Or¢ horizon

By using the above mentioned data, the ore thickness (m) was finalized by hand method
considering ore grades, such as Cu (%), Ag (g/1), and the mode of occurzence of country rock between
nrineratized layers and these data were stored in the data file as input data for minable ore reserve
éstimation,

8-2-2 Statistical Analysis of Input Data of Minable Ore Reserve Estimation
(1) Basic Statistical

The available drill holes for minable ore reserve estimation numbered 800. In detail, 798 drilt
tiotes were drills by the A.O. Zhezkazgangeologiya and 2 diill holes by the Metal Mining Agency of
Japan (MMAYJ) during this project, Among these 798 diill holes, 46% of the lotal drill holes, thatis
371 contributed to the minable ore reserve estimation. The result of basic statistical analysis on
input dataof averages grade of Cu (%), Pb (%), Ag (g/t) and ore thickness (m)are shown in the Tabte
2-8-1.

The result are summarized as follows;

- The maximum thickness of ore was 17.75m in the drill 572. The higﬁcst Cu content was 7.68%
in the drilt 449 and the highest Ag conlent was 169.19 g/t in the drill 795.

* In general, the average Cu conteni (%) and standard deviation of each orebody were quite stable.
Especially in the Bastern Orebody, the average Cu content was 1.47% with a standard deviationof
1.12% Cu. The average Pb (%)and Zn (%) content of the C{_:niral orebody was higher than other
orebodies, but showed high standard deviations. The highési Ag (g/tycontent were noticed in the
Northern orebody bul conlinuily of Ag content in each drill hole was so erratic that it was very
difficull to evalvale Ag reserves.

(2) Geostatisticat Analysis of Input Data

To assess the conlinuity of grade and thickness of ore, and determine the grade distance o be
used for interpolating block grades, a geostatistical analysis was conducted. 2D variograms were
developed for Cu (%), Pb (%), Zn (%), Ag (g/t) and thickness of Ore Horizon 4-1.  Variograms of Pb
(%) and Zn (%) in the Eastern orebody were not computed due 1o their low content and are nol
economic for commercial recovery. The representative examples of nugget effecisill and range
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{m) of each variogcam are shown in Figyre 2-8-1.

Most variograms curves fitted to the spherical model, except that of the ore thickness of the
Easlern orebody. ‘The following comments refer to variograms calcutated in Horizon 4-1.

Nugget effect/sill ratios of Cu (%) of the Bastern and Cenltral orcbodies were 0.219 and 0.158,
respectively. And the same ratios of Ag (gA) of the Fastern, Centra} and Northern orebodics were
0.167, 0.306,0.193, respectively. Onthe other hand, range (m) of Cu (56) in the Eastern and Central
orcbodies was 350m and 264m, respectively, and as short as 119m in the Northern orebody. The
range of Ag (2A) of the Eastern and Central orebodies computed as 306m and 221m, respectively.
The¢ higher nugget effectAill ratio and shorier range indicate the more variable character and small
area exlent, respectively, of Ag (gA) of the Central orcbody. Large range values and lower nugget
effect/sill ratio are evident for Cu (%) whencompased wh ich Ag {g/t) which tends to be more eccatic,

The study of the variograms for each parameler in Horizon 3 concluded that most variograms
showed the pure nugget effect and this meant that the drill hole spacing might be greater than the
range or no continuily could be present in Ore Horizon 3.

8.2.3 Minaiﬂe Ore Reserve Esﬁmation

The minable ore reserve estimation was based on ore blocks H0m X 100m X thickness
determined by the sange of the variograms. For the interpolation of grade and thickness of ore, the
geostatistical technigue of kriging utilising the variogram models was used fo estimate the block
parameters. The procedure for the estimalion is as follows;

(1) ‘The searchdistance (m}for the kringing interpolation was determined by the variogram range.
(2) Cu (%), Pb (%), Zn (%), Ag (%) and thickness of ore (m) were interpolated for each ore block.

(3) The specific gravity of the deposit was adopted as 2,600 and tolal ore reserve metal amount and
average grade were calculated.

(4) Two mining parahleters, namely mining ore recovery (%) and dilution of ore {%) were
determined by the following procedure. The panel and pillar mining method applied at the
Zhezkazgan Mine was selected. The mining ore recovery and dilution of ore were determined
as 75% and 5%, respectively. Thisis based on the field survey of the Zhezkazgan Mine in 1995,
The result of the survey concluded the mining recovery of 6m ore thickness, and diameter of
room pillarof 6.8m and the width of rib pillar of 16.3m, isestimated aslow as 75.3% at the depth
of 600m below the ground. Secondary mining adopting filling was not considered due ta the
relatively low grades of Cu of the Zhaman-Aibat Deposit.

(5) Finally, minable ore reserves, melal amount, average ore grade and average ore thickness with
the cutoff grade of .49 Cu and with the minimum mining height of 3.0m were catculated and
the results are shown in Table 2-8-3. The copper grade distribution in each block is shown in
Figure 2-8-2. The minable reserves were calculated by the following formula, after the mining
area (enclosed by the red line in Figure 2-8-2) was delineated.

Minable reserves(t) = Reserves(t) X Extraction rate (%) /100X { 14 Dilution (%) /100 )
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The minable reserves with the cutoff of 0.4% Cu and with the minimum mining height of 3.0m
are shown in Table 2-8-3. Copperand silver are considered lo be saleable in the followmgdeposnl
eva]uahon Since the amount of lcad and zinc is exlremely small compared with copper theic
prohlabllny were assumed to be negahvc

Table 2-8-1 Basic Statistics of Input (Drill Hole) Data for Minable Ore Reserve Estimation

Orebody - Statistics Thickness  Cu Pb - Zn - Ag Re - 8
(™) %) . %) % . @Y () (%)

Eastern  Maximum 1630 768 200 181 16919 2320 1546

Minimum - 050 021 000 0.00 .00 0.00 0.00
n=200 Average 550 147 063 0.03 .73 1.34 0.77
Median Cos20 0 1\ 0.00 0.00 556 0.66 0.54
Standard deviation 1 112 0.23 0.16 2006 240 124
Central  Maximum 1580 6.03 491 220 6749 11.74 284
Minimum 0.60 0.00 0.00 0.00 0.00 0.00 0.00
n=112 Average 4.63 1.53 L2 619 1228 1.95 092
Median 80 1.12 057 00D 7.06 142 082
Standard deviation 296 1.32 1.14 0.41 15.09 1.99 0.64

Northern Maximum - 1175 430 195 142 12443 now - 291
. Minimum - 060 000 000 - 000 ° 000 0.00 0.00
n=57 Average 5.67 L20 023 009 3289 . 137 0.59
Median 5.40 .98 0.00 0.00 30.22 056 0.41

~ Standard deviation 359 . 087 . 051 . 029 3025 215 0.75 -
Whole Area  Maximum : 17.75 768 - 49] 220 169.19 2320 15.46
Mininwm 0.50 000 000 0.00 0.00 0.00 0.00
n=369  Average 526 145 039 009 1520 153 080
Median 490 111 002 0.00 " 6.61 0.79 T 0.60

Slanda;d deviation 124 LIS 079 029 2158 226 102
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Table 2-8-2 Variograms on Each Parameter of Ore Horizon 4-1

Parameters Orcbody Silk Nugget Nugget Effect  Range(m)
- /Sil
Northern 0.494 - - - 119
Copper  Eastern 0.590 0.129 0.219 350
- Ceowal 3061 0168 0158 264
. Notthern NC NC NC NC
Eead |  FEastern NC NC NC NC
i Central 0477 0100 0210 167
"~ Morthem NC NC NC NC
Zinc : Eastemn NC NC NC NC
o Cenwal 0SS . 001 ___OM6 343
Northern 519 100 0193 - 230
Sitver _  Easlera 7960 . 133 0167 306
o Centrat 715 o209 0306 21
~ Northern NC NC NC NC
Thickness - Easlern 12.38 328 0.265 ©251
Ceatral 24.29 5.00 0.206 171

NC : Not calculated due to low grade and poor viability

Table 2-8-3 Summary of Minable Ore Reserve on Ore Horizon 4-1

Mnuable reserves Average thickaess Amount of metal Average grade

Cu Ag Ph Zn Cu Ag Pb  7n
K1 K Ok % gt % %

118742kt 547 m 1,375 1019 195 35 116 859 0.6 003
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8-3 Conceptual design of the Zhaman-Aibat Mine
8-3-1 Purpose of Conceptual Désign and Estimation ‘of Design Paramelers
There are two purposes in the following conceptual design of this year's campaign.

One istoa kaow the feature, scale and poteanltial value of resources of the Zhaman-Aibat Deposit.
And the other isto clarify what will be important in the pre-Feasibility Study (hereinafter pre-F/iS}and
Feasibility Study (hereinafter F/S) in the future.

Because the accuracy of ore reserve estimation of the Zhaman-Aibat Deposit has already
reached that required for the pre-F/S, the conce ptual design was made based on this reserve estimation.
Since the technical Feasibility Study is not sufficient enough to investigate, the mine development and
mining method are adopted based on verbal reporis on the Zhezkazgan Mine whose deposit has
analogies to the Zhaman-Aibat Deposit.

_ For the calculation of the mine developmeént cost, "the Bureau of Mines Cosl Estimating System
Handbook (1987)" published by US Burcau of Mines, Department of Interior was used in this
conceplual design.

It is estimated that the error of estimation of design parameters is +30-35%.

8-3.2 ()utlmes of the Zhaman Aibat Mine

The configuration of the Zhaman Albal Mine by this conceptual design was drawn from the
following;

(1) Zhaman-Aibat Mine is located 180km to the southeast of Zhezkazgan City. The mine is
surcounded by the dry steppe field while topography is characterized by hummock relief with
relative elevations up to bear comparison with 30m. The altitude of the deposit area is
320~-380m above the sea level.

(2) 'Fhe mine willbe of medium sizeincorporating the underground mining method supported by
several verlical shafts.

(3) A railroad and paved road will be constructed between Zhezkazgan City and the Mine site.

(4) A pancl and pillar mining method will be incorporated. Ore transportation and service and
ventilation shafts will be sunk and the required annual ore willbe mined. However no secondary
mining by filling would be performed.

(5) An orcdressing plant will be constructed at the mine site and the produced copper coneentrates
will be transported 1o the processing plant in Zhezkazgan City.

(6) The water necessary for the mine and ore dressing operation and for the daily life, will be
provided by pipeline from a water well located 20~30km from the mine site and the used water
and underground mine water will be recycled.

(7) Electricity will be supplied from a transformer stalion located between Zhezkazgan and
Karaganda by a 220kV power fine.
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(8} Officers and staff will reside near the mine.  For their daily life, houses facilities of social affairs,
cenlral healmg facilities elc. mll be constructed.

{9 A sultable waste dump will be conslructed in the ileppe field.

(10) Copper and sﬂ&ercon(amed in the copper concentrates wﬂl be sold to lhe thzkazgan smelling
" plant.

The site plan of the Zhaman-Aibat Mine facitities aré shown in Figure 2-8-3.

8-3-3 Exploration

By using previous drill data of 8(}0 drill holes, the present drill interval and accuracy of ore
reserve estimation were assessed by a geostastical approach. Andreferring to definition standards in
several countries, such as Austealia, USA, Canada, and Japan, the estimation accuracy and ore reserves
category of the minable resen'es of the Zhaman-Aibat Deposit were studied and arz summanzed as
foliows; : :

(1) Theee types of drill spacing, namely 200~400m X 200~400m, 200m X 200m, 200m X
100m were practiced in the Zhamaa-Aibat Deposil.  The minable ore of the Zhaman-Aibat Deposit
was able to be calegorized as "probable ore 1eserve”.

{2) The resultof assessment of the ercor of esl_ima;ion by grid spacing and ore reserve revc’e;led_
that the error would be smaller than £30~35%, which meant that the accuracy of the ore reseive
eslimation of the Zhaman-Aibat Deposit would be sufficient for this concepiual design.

For the exploration of the Zhaman-Aibat Deposil, the accuracy of ore reserve estimation should
be increased from the present categosy of probable ore reserve to the level of proved ore reserve.
But the cost of these exploration is not included. However, the exploration cost (mainly drilling
cost) for mining plan of actual mine produciion was considered tobe a part of mining aclivities and
was included to the mining cost.

8-3-4 Mining
(1) Mine Production
- The annual produciion was estimated using the following empirical forinula,

AAPR = (M)'” /6.5
AAPR: Amount of Annual Production (Mt/year)
M: Minable ore reserve (Mt)

The annual produchon of the Zhaman Albat Depos:l is eslnmaled as § 6M( that LOI’[CSPOH"IS to
a daily production of 16,000 tons from the above formula, if the annual operalmg days are assumed
to be 350 days asin Zhezkazgan Mine. In lhlsS!udy, the prohlabahty in the case of production of
£20% of the annual production 5.6Mtis discossed. The assumed ptéducnon rite is shown in Table
2-8-4. : - ;
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Fig. 2-8-3 Site Plan of Zhaman - Aibat Mining Facilities
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Mine Production I6,000 tons/day, 5.6 Million tons/year.
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Table 2-8-4  Assvmed Prqducllon and Mine Life

Annual production Daily production* Mine life
(Mijyear) - (Vday) {ycar)
4.5 s 12,8060 27
56 ' 16,000 22
6.7 E L 19,200 . 18 .

*)¥Operating days ina )'ear_i 350 days

Yable 2-8-5 Specifications and Total Length
of Each Shaft and Drift

Items Specifications Total length

Skip shaft Diameter 7.5m & 700m
Service shaft Diameter 6.5m ¢ 700m
Ventilation shaft - Diamelec 6.5m & 4.5Mt/year—4,200m
' ' S.6Mi/year—6,300m
, 6.7Mu/year—-8,400m
Main drift Cross section area 18m’ 11,000m

Main hauling drift Cross section area 18m’ 11,000m
Crosscut in footwall Cross section area 18m? 31,800m
Ventilation drift * Cross section arca 14.4m’ 10,500m

QOre chute Diameter 4.0m ¢ 1,460m

Table 2-8-6 Main Ofe Dressing Equipments and Specificalions

Equipment Specifications Number
‘1.Gyratory crusher 1,520mm &, 300kw 1
2. SAG mill " 10m ¢ X4m, 7,050kw 2
3. Vibrating screen 2mX5m 6
4. Ball mill ~ 5m ¢ XTm 3
5. Ball mili (for regrinding) © 4m ¢ X8m, 1,300kw 1
6. Flolation cell : 283m’, 45kw a3
7. Flotation celf (for cleaning)  ~ 4.2n%, 11kw 20

- 8. Thickener : T Sm o 1
9. Disc filter © 74m? 1
10. Thickener - 3m o i

—227--



o

yusodeq 1Bqly - URLLBYZ 2yl O

Eoan_?mo JUIW punosbiopun jo uonoes-ssotn g-g-z "Big

tso3

DOOE0! 00020l OO0 10! 000001 o00'6s 00086 000Us 00096 000'ss 000'r6 ooo nm 000'ze QO0ME
1 L 1 1 1 Ll ' L‘ I H L L 1 n 1 L
008 Te @ % B o 16 3 o o  ss o o e Te o T O 0%
0oL ove o0z Ll =3-]] =14} =3} [=F3 [+:] o =4 og of oL 2.4 o o0
- k T : -
' . ~ b ) - ' I-ll ' 4 |
009 — 2 PR _ ~ 3314Q Buinoe wiow —]oes
s ; L J\..amvmm,_,og = 33110 3AIDS VDI
. . =)
00 |- L= TR cmm.. W —~loos
2
oov._}. - —{oor
[ 3 - ¢

isam

{w} 3300ins méjaQ yideq

—228—



il

2) ﬂndergmuud Development

A plan and cross section of the underground mine development of the Zhaman-Aibat Deposit
arc shownin Figure 2-8-4 and 2-8-5. The conceplual plans of the underground development are as
follows; ’

a) A skip shaft for {ransportation of ore and waste rock as well as a service shafl for lmnsporlahon
of workers is constructed in the center of the deposil.

b) A main drift is constructed atong the northern part of the deposit. A main Iransporlanon drift
is constructed 700m under the surface o connect the service dnfl with ore chu!es A double
track rail fine is established in the main transportation drift.

) Crosscuts in the foolwall are constructed from the main driftinto the deposit atintervals of 600m.
In order to establish a ventilation netw ork ¢ach crosscul in foolwall is connected to a veatilation
drift and ventilation shafls are constructed at suvitable po:mons

d) The number of ventilation shafts is decided in order (o supply an air flow volunte of Sm’/min. per
1kw of rated output of internal combustion engines which are applied in the undesground mine.

The specifications and total length of each shaft and drifl are shown in Table 2-8-5

8-3-5 Ore Dressing
(1) Outlines of Ore Dressing

‘The standard amount of milling ore per yearisexpected to be 5,600,000 tons with copper grade
1.16% and silver grade 8.59 gA. Referring to the resulis of other mill plants in the Republic of
Kazakhstan, the sale of plant utilization is expected to be approximately 805 ( 292 days per year}.
Therefore, the amount of milling ore per day is as follows;

5,600,000t A 365 days X0.8) = 19,178 ton/day
Then, the milling capacily is assumed to be 20,000 tan/day.

The crushing operation is assumed to be carried out seven days per week, with two 8 hour shifts
per day (total 16 hours per day). Grinding and flotation operations are assumed to be seven days
per week and 24 hours per day.

The valvable minerals are copper, lead, zinc and sitver, however, lead and zinc are not considered
because their exlraction is probably not profitable.  Only copper concentrate which contains copper
and silver will be recovered by plain copper flotation.

From the results of the milling tests, the copper concentrate recovered isexpected to be 35% Co
grade with a recovery of approximately 90%. 7The amount of copper conceatrate is therefore as
follows;

20,0001 X0.0116 X(3.9.770.35=596t/day
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{2) Ore Dressing Process
The Mow chart of the ore dressing process are shown in Figure 2-8-6.

The ore mined underground is transported by mine cars through a grizzly of 800mm opening
and less than 150mm by a gyratory crusher (300kw). The crushed ore isstored in acrude or¢ bin.
Csushed ore is ground by two SAG mitls (10m ¢ Xdm, 3,000kw) closed with vibraling screens, and
then the second grinding is done by a three ball mill (5m ¢ X9m, 2,000kw) closed with cyclones.
The grinding size willbe 65% under 200 mesh. A plain flotation circuit isadopted with the flotation
feed pulp fed to rougher fotation cells (28. 3m’, 17 cells) after condmomng The tailing of the
rougher flotation is fed to scavenging cells (28.3m’, 16 cells) and the tailing is the final talhng The
rougher concentrale is reground by a ball mill (4mt ¢ X 8m) closed with cyclones and then cleaned
by cleaner celis (4.2m’ 20 cells). The cleaner taiiing is recalculated.

The sand/shme flotation which is often apphed in the Kazakhstan is conSIde:ed not smlable for
this type of ore, becavse of its comphcaied procedure.

The copper concentrate is thickened in a Sm diameter thickener and after filtering by a disc
fitter, the copper concentrate is stored in a concentrate storage bin.

The main ore dréssing equipment are listed and specified in Table 2-8-6.

8-3-6 Tailing and Efftuent Treatment

The flotation tailings are pumped to the tailing pond after being thickened ina thickener (33m
¢). The supernatant is recalculated to the flotation circuit.

8-3-7 Infrastructure

All of the concentrate produced al Zashman-Aibal Mine will be transported to Zhezkazgan by
rail whichmustbe consiructed. Anaccessroad mustalsobe construcied and electric power must be
secured by construction of a powet line betweeen Zhezkazgan and Karaganda ‘Construction of the
following infrastructure are required and have been included in the evaluation of the mine's
profitability.

{1} Rail way : 155km
- (2) Road {width 5m) :85km
{3) Electsic power line: 130kin
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Fig.2-8-6 Flow Sheetof Ore Dressing Plant
of the Zhaman-Aibat Mine
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8-4 Production and Personnel Plan

(1) Production Plan

In order to increase productivity and to reduce costs, il is assumed that mining will be done
intensively in distinct areas established every S years. Mining areas associated with the annual
production of 5.6Mt are shownin Figure 2-8-7. The production, grade and metal contained ineach

area are shown in Table 2-8-7.

Table 2-8~7 Production Plan on Each Annual Production

(t) Annoval productioh: 4 5Mt - s

Period Production Average Ore grade Metal contained
{ycan) (M) Cu%)  Aglg)  Cutk) Ag(t)
I~5 2235 L2l o 562 272 126
6~10 215 L.I8 6.14 _266 138
ll_"f!S 22,5 118 © 146 266 168
16~20 225 1.29 10.21 290 230
21~25 22.5 1.03 - 1153 232 L2
26~27 6.3 0.83 15.67 53 9%

(2} Annual production: 5. 6Mt
Period  Produclion Average Ore prade - Metal contained
(year) (M) Cu(%)  Agg/y ~ Cuk) Ag(D
I~5 288 1.16 531 326 7 149
6~10 28.0 123 . 693 - 34 194
11~15 28.0 1.04 9.19 291 257
16~20 28.0 1.28 13.19 358 i
21~22 . - - 68 084 15.71 57 107
(k)] _)..nnual productjon: B. 7Nt ;

Period Production Average Ore grade Melal coiained
(year) . (M0 Cu(%)  Ag(gh) Cu(kt) AgQ)
1~5 - 335 1.15 522 385 175
6~10 315 1.23 1.52 4312 252
11~15 335 1.}4 10.66 RS 357

1.07 12.92

195 235

16~13 18.2
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1)

(2) Personnel Plan

In this conceplual desiga, the cost estimation manual compiled by the US Bureau of Mine is
vsed for the eslimation by coefficient of each cost parameler. ‘Therefore in each coefficient,
standard numbers of personnel and their labor cost necessary for mine operation areincluded. Itis
very difficult to determine standard numbers of personnel. l!{j\ie\-er by the result of operating
mines in the world and of cost estimation in this Study, it is estimated that the total number of mine
workers including management staff, witlbe 930. In deiail, there willbe 450 underground workers,
350 surface workers, 130 enginecers and generaltfadministeation staff.

8-5 Development Schedule

The underground development is assumed to progress according to the rate of extension of
mining area. Specifically the devélopmeril work required for the production from each planned 5
yearr area should be completed before beginning the production.  Other surface facilities should also
be completed by the beginning of the production. The development period before the beginning of
production is assumed (o be three years. The underground development plan of each five year
peried is shown in Table 2-8-8.

8-6 Cost Calculation
8-6-1 Operation Cost
(1) Method of Operation Cost Calcutation

The operation cost of Zhaman-Aibat Deposit is catculated by the Bureau of Mines Cost
Estimating System Handbook of 1987. The costin 1996 is gained by revising 1984's cosls with Cost
Indexes shown in Mining Cost Service (Western Mine Scrvice Co.) .

The parameiers' used in calculation of the operaling cost are shown in Fable 2-8-9.

{2) Results of Operating Cost Calculation

The calculated operating costs of the Zhaman-Aibat Deposit are shown in Table 2-8-10. The
details are shown in Appendix 41, 42 and 43.

The mining cost (including operating cost of mine facilities and administration cost) of the
Zhezkazgan Mine at the mine site were 576 Tenge/ton of ore (US59.6/ton of ore) and the milling cost
was 258 Tenge/ton of ore. Because these costs are almost the same as the estimated operating costs
shown in Table 2-8-10, it is considered that the operating costs estimated by the Cost Estimating
System Handbook are reasonable. These costs are caleulaied under the assumptions of ore grade
1.16%, mill recovery 909 and smelting cecovery 95.5%.
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Table 2-8-8 Uaderground Development Plan on Each Annual Production

—234--

{1} Aanual oroduction: 4. Sit . . . ) QUnit: =)
Produclion year 3~0 I~5  &6~10 1~15 16~20 21~25 26~27 ‘Tolal
Skip shafl 700 700
Service shafi 700 7 700
- Veatilation shaft " 1,400 _ 1,400 1,400 4,200
Main service shaft 2.000 700 4900 2,600 500 11,000
Main transportation shaft. 2,000 700 4500 2600 - 500 s 11,000
Crosscut in footwall 890 2,100 9000 6700 . 3200 1,900 31,800
Ventilation drift 2,100 600 2400 1800 1,300 2,300 10,500
Ore chule 270 110 KYA) 405 270 30 1,460
(2) Annuad profuctiont §. it Unit:
Production year 3~0___1~5  6~10 11~15 16~20 21~22 “Tolal
Skip shaft 700 ’ T - 700
Service shaft 700 . 700
Ventilation  shalt 2,100 . 1,400 1,400 . 1,400 6,300
Main service shaft. 2000 2000 5000 2,000 11,000
Main transportation shaft 2000 2000 5000 2,000 11,000
Crosscut in footwall 8900 6,000 10,100 4,900 1,900 31,800
Veatitation drifl 2,100 1,800 2,400 1,900 2,300 10,500
Or¢ chute 270 395 455 300 30 1,460
{3) Asrual productiond 6. TMt Wnit: )
Produclion year 3~0 1~5 6~10 11~15 16~18 Total
Skip shafl 700 ' 700
 Service shaft Lt I o 700
Ventilation  shall 2,800 2,800 2,800 8400
Main service shaft. 2000 5600 2,000 1,400 11,000
Main fransportation shaft 2,000 * 5,600 2000 i,400 11,000
Crosscut in footwall 3900 13,000 6703 3,200 31,800
Ventilation drift 2100 0 3700 1200 3,500 10,500
Ore chule 270 535 405 250 1,460
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Table 2-8-9 Basic Paraneters for Operating Cost Estimation

Annual production 4.5Mt 5.6M1t 6. 7M1t
Production per day (tday) 12,800 16,000 19,200
Drilt length (nvyear) © 5,000 - 5,000 5,000
Winding capacity of skip {thour) 1,100 1,300 1,600
One way distance of truck inu/g {km) 10 1.0 1.0
One way distance of rail in wp (km) 5.5 55 : 5.5
Compressed air - (m/min.) 1,800 2,000 2,200
Tolal air flow ) (m/min) 40,000 64,000 82,000
Underground waste water {m’/day) 20,000 20,000 20,000
Water supply {(mY/day) 5,000 5,000 5,000
Mill plant capacity {t\day) 16,000 20,000 24,000
Population of residence {person) 2,000 2,000 2,000
Concentrate transporied by rail “(day) - 560 700 840
One way distance of irans. of conc. (km) 155 155 155

Table 2-8-10 Summary of Estimated Operation Costs
of the Zhaman-Aibat Mine '

Unit (US$/t of ore)

Annual preduction 4.5Mt 5.6Mt 6.7Mi

1. Mining 5.560 5.306 5.152
2. Mine facilities 2272 2.064 1912
3. Ore dressing 4.330 4.080 4.000
4. Administration 1.028 0.934 0.863
5. Concenlrate transport 0311 0311 0.311
6. Camp management 3.246 2.597 2.164
Total operating cost

(USS/t of or2) 16.747 15.291 i4.402

(US$A of copper) 1,629 1,487 1,401

(ccalib of copper) 73.9 67.4 63.5
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8.6-2 Capital Cost

(1) Method of Capital Cost Calcalation

The capilal cost of the Zhaman-Aibat development is calcutated using the Bureau of Mines Cost

Eslimating System Handbook like the operating cost.

The life of mining equipment is assumed to be approximately 10 years, and the renewat of
equipment is assumed lo be required twice in the case of the annual production of 4.5Mt {mine life
27 years) and once in the case of the annual production of 6.7Mt (mine life 18 years). The

parameters used for calculation of capital cost are shown in Table 2-8-11.

(2) Results of Capital Cost Calculation

The iotal capital cost through the mine life (summary} is shown in Table 2-8-12. The details

are shown in Appendix 44, 45 and 46.

Table 2-8-11 Basic Parameters for Capital Cost Estimation

Annual production - 4.5Mt 5.6Mi 6. 1M1

Praduction per day _ vday 12,800 16,600 19,200
Room for underground ceusher m’ 24,000 24,000 - 24,000
plant m’ 9600 9600 9,600
Room for undergronnd work shop t 8.000X2 10,000 X2 12,000X2
Ore  storage  capacily  in  m'/day 20,000 20,000 20,600
underground tVhour 1,100 1,300 1,600
Underground drainage n’/min. 1,800 2,000 2,200
Skip winding capacity kW £0,000 * 100,000 120,000
Compressed air consumplion m*/min. 40,000 61,000 82,000
Power consumption m’/day 5,000 5,000 5,000
Total air flow volunie vday 16,000 20,000 23,000
Waler supply MVA 40 50 60
Mil} plant capacity '

Power load

Table 2-8-12 Summary of Estimated Capital Costs

of the Zhaman-Aibat Mine

Unit {US$ X 1,000)

Annual production 4.5M1 5.6Mit 6. 7M1
1.Underground development 131,331 153,335 175,337
2. Mining equipment 149,640 125,055 144,120
3 Mining facitities 16,706 20,7144 28,93]
4. Infrastruciure 74,516 75,506 16,362
5. Mill planit 78,000 95,000 112,000
Sub total 450,193 470,640 536,750
Working capital 18,700 21,300 24,100
Total of capitat cost 468,893 491,940 560,850
Primary investment 297,533 341,766 388,510
Additional invesiment 171,360 150,174 172,340
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8-7 Evaluation of Profitability

The profitability of the Zhaman-Aibat Depbsii is evaluated using the above operaling and
capital cost,

8-7-1 Assumptions
The assumptions used ton evaluate profitability are shown in Table 2-8-13.

The recoveries of ore dressing and smelting are taken from the resulis obtained {rom the
Zhezkazgan complex. ‘The metal price is assumed be $2,500/ton of copper and Treatment Charge
/ Refinery Charige {(CT/RC) are assumed on the basis of the treatment charge at own smelter and
reﬁning: Taxation and depreciation are not considecéd because of their complexily and fluctuation.
Financial costs such as intercst on loans are also not considered.

Jable 2-8-13 Basic Paramsters
’ for Profitability Evaluation

Items Cu Ag
Mill recovery 90.0% 90.0%
Snigher recovery 98.0% 94.5%
TC/RC 20 centfib 0.3 US$/TR.OZ
- Metal price _ 2,500 USS/h 4.0 USS/TR.OZ

{1.131 US$/1b)

8-7-2 Outline of Evaluation
The resulls of cash flow analysis are shown in Appendix 47, 48 and 49.

The economic evaluation is based on the conceptual design and includes the annual production
of 5.6 million tons of ore, the TG/RCof 20 cents per pound and the copper price of US$2,500 per ton
are assumed.  Although the TG/RC of 20 cenls per copper pou nd at domestic smelters and refineries
is reasonable, the TG/RCcost in case of selling ¢opper concentrate to custom smelters will increase ton
25 cents per pound of copper and more after lransporlation and insusance fees are added. ‘The
copper price of US$2,500 per ton is rather high. The following two cases are discussed.

* Annual production of 6.7 miltion tons and a mine life of 18 years
+ Annual production of 4.5 million tons and a mine life of 22 years

The resulls are as follows;
Internal Rate of Return (IRR)

The standard case (5.6 million tons per year) 5.40%
The alternative case 1 (6.7 million tons per year} 6.80%
The alternative case 2 (4.5 million tons per year} 3.04%
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These values are ohtained by eliminating the capital cost and tax. . For consideration of the
capilal cost and lax, the following formula is approximately applicable.

R={r-1)}X{1-1)
Here,
¢ = Internal rate of return without tax and interest
R = Internal rate of return including tax and interest
i = Interest rate (financial charge)
t = tax rate

Even if the capitalis assumed‘-tt)n be supplied from an international funding agency, generally
rate of return of 8% is expected.  Considering a fax rate of 30%, and assumiing an iaternal raie of
relura of 3%;

0.03=(r-0.08)%(1-03)

At least r =12.3% will be necessary.

8-7-3 Sensitivity Analysis

The internal rate of return was studied by varying the parametess of copper price, T(/RC, ¢apital
costs and operating costs from the standard model (annval praduction 5.6 million tons, copper price
US%2,500/1b., TG/RC 20 cent/lb.). The results are shown in Table 2-8-14 and illustrated Fig.2-8-8.

8-7-4 Summary of Economic Model and Future Problenis
The summary of economic madel is as follows;

(1) Under the standard parameters of this economic maodel, the poss:hzmy of profitable
devclopmcnl of this depos:l is small according to recent copper pnce

(2) The copper pnce has the blggesl lmpacl on lhe internal rate of return {IRR) but is
unfortunately beyond our control.

(3) The operating cost has the second biggest impact on IRR.  For example, in the case of 30%
reduction of the operating cost, the IRR will increase to 7.77%, on the other hand a saving in capital
cost of 30% will improve !he IRR to 4.99%. Even 1[ the TGRC increases 36% (to 24 centfb.), the
IRR will decrease only 2.62%. The round figure of the IRR can be known by the combinalion of
these paramelers, when the IRR corresponding with the variation of parameter is required.

Fulure probierﬁs;

(1) Methods of decreasing the operating cost should be sludled in details in the l-eamblhly Study
including a study of mining methods.

(2) After studying the oplimum development plan including the mining sequence, the
progressive pre-Feasibility Study should be carried out with more accurate capital cost.
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(3) The economy of this project should be discussed from not only a viewpoint of the financiat
analysis of the market economy but also from the viewpoint of the nation at interest in terms of
Cost-Benefit Analysis.

8-7-5 Discussion of Cutoff Grade

The optimum cutoff grade of the Zhaman-Aibat Deposu is discussed here again. The cutoff
gradc is defined by the following formula; -

Salable metal {Cu) value contained in ore of one ton = Operating cost + TGRC

‘Therefore the cutoff grade is calculated as follows;

c
RuaX R, X (Po,— 2,204 X T, /100

;X:

X : Cutoff grade (% Cu)

C ¢ Operating cost (US$/t Ore)
R.n = Milling recovery (%)

R imaes ¢ Smelling recovery {$0)

Po @ Copper price (US$/t Cu)

T,  : TGRC of copper (US$/1b. Cu)

The milling recovery, smelting recovery and TC/RC are shown in Table 2-8-13.  The relation
between the copper price and cutoff grade is shown in Table 2-8-15. From the Table 2-8-13, it is
coneluded that a significantly higher cutoff grade should be applied ton the Zhaman-Aibat Deposit
than thal used for Zhezkazgan Mine.

As shownin Table 2-5-15, cutoff grade whichis analogous ton Economic Break Even Point will
fluctuate with copper price. Aswell as copper price IRR is quite sensitive to the ore grade. Aan
increase in ore grade of mine production corresponds (o an increase in cutoff grade and decrease in
minable ore reserve.  Inthe previous soviet economic system, the concept of profit was lucking and
cutoff grade was considered fon be invariable. However, in the market economy system optimum
cutoff grades show sharp fluctuation with varying copper price and other parameters, In future
culoff grade of the Zhaman-Aibat Mine should be fiexible and should be much higher than the
copper grade than 0.4% Cu in the Zhezkazgan mine.
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Table 2-8-14  Sensitivity Analysis between Various Parameters
and Internal Rate of Return (%)

Item Parameter - Internal rate of return

Q0% $2,000t 097 contib minus

-10 $2.250h  3.02 centfib minus

_ -5 $2,3754  1.04 centilb 278

Coppct price o $£2,5004 113 centlb 5.40

+10 $2,750/t  1.25 cenlfib 997

% } _ 7 ) +20 - $3,000A - 1.36 cenllb - 14.40
4 ) +30 $3,250/t  1.47 cenlilb 17.70
' -30 14 (cent/1b) 191

-20 16 7.10

-10 .18 6.26

TCRC 0 LT 20 ' 510

O+ : T n 1.51

+20 24 3.5%

+30 26 2.62

-30 344,360 (h$) 10.37

-20 393,554 840

-10 M2 M0 6.77

Capital cost 0 391,943 540

+10 541,137 4.22

+20 550,332 319

+30 639,526 228

-30 13.17

- 20 10.78
i ) -10 821
Operating cost 0 540

+10 2.20

+20 minus

+30 minus

Table 2-8-15 Relationship betwean Copper Price
and Gut-off Grade '

Copper price (US$/t of Cu) Culoff prade (%)

2,600 1.19

2,100 111

2,200 1.05

7 2,300 0.99

i ) 2,400 0.93
: 2,500 0.39
2,600 0384

2 700 0.80
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8-8 Environment

The mining industry has a big impact upon the environmeat. Therefore, environniental
impact including rehabilitation after mine closure must be considered befere mine development.

The surface topography of Zhaman-Aibal area is almost flat and the population in this area is
small. Agriculture and fishing are not carried out.  ‘The total annual precipitation is very smali and
there are no major rivers. The proposed mining method is underground mining.

Considering the above sitvation, it is cohcluded that there are very few problems of impact (o
inhabitants and (o the cnvironment caused by mine development.  However, it is our responsibility
1o teduce the impact to the environment from the view of the global environmenial safeguard.

Therefore, the following plans are proposed;
(1) To construct some wells surrounding the tailing pond to monitor the underground water.
{2) To reclaim the waste dump and tailing pond after mine closure.
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PART 1II DETAILED REPORT ON
THE SAMARSKY AREA






Part 1II Detailed Report on the Samarsky Area
Chapter 1 Previous Survey Data :

1-1 Geological Surve:ys

Geological studies of this territory at the scale of 1:200,000 were completed by §959.  Atthe
same lime a farge-scale geological survey began and a geological map at the scale 1:50000 was
prepated during the period from 1956 1o 1958,

The first recorded prospecling in the "Sarymsak” area dates (o 1935, when the prospecting for
tourmalized secondary quartzite of Sarymsak mountain was carried out. ‘The main target of this
work was raw boron minerats. In 1954 the Sarymsak aréa was studied again asa possible depositof
raw boron materials. A number of trenches and exploring shafls were driven and a geological map
at the scale 1:2,000 was compiled with general characteristics of secondary quarlziles.

Gold mineralization was first detected in 1953 and was named "Nurin deposit”. Atthe same time
some small elongated zones with malachitc and azurile were revealed among I ght colored {secondary
quarlzile) rocks. From 1956 to 1959 thearea became the object of systematic investigations under
the name "Nurin deposil” as a representative of tourmaline formation. Allention was drawn to the
possible connection between tovrmalinized rocks and gold and copper mineralization and a drilling
survey for gold and copper was carried out (4 boreholes). Copper dispersion haloes {0.1-0.4% in
cpicentres) and molybdenum haloes (0.02%) associated with secondary quartzite were found in the
vicinity of the Sarymsak hill but could not confirm any ore deposit.

These works resulied in an understanding of the straligraphy, tectonic and metallogenic zoning
with the recommendation te conduct detailed prospecting for copper-porphyric depasits in
secondary quarlzites.

As the Sarymsak secondary quarlzile massive was considered to be very prospective from the
standpoint of copper-porphyric type deposits, a geological survey has carried out in 1962 together
with geophysical surveys at the scale of 1:10,000, covering the area of 15.75km’. To explore the
revealed anomalous zones and geochemical haloes, shallow drilling and exploratory workings were
carried out (shafts 8.5m, trenches 35m’, boreholes 770m).  During 1966-1972 the Samarsky ore
field including afeas (ore occurrences) Samarsky Severny, Zapadny, Tsenfralny and Yuzhny was
studied and the following surveys were carried out: gravity (22.1 km?), sampling and analysis for gold
(6km), trenches (5,204.3m"), shafts (163.8 m.) and boreholes (2398.5m). The resulis have
confirmed, that the area is prospective for gold and copper-porphyric mineralization. Certain
recommendations on conducling further exploratory work were made.

Aftes summarizing all pastdala by the Karagandageologiya (Karaganda Expedition}, in 1989,
the area was again targetted for intensive exploration drilling. To complete the geologic map of the
central Samarsky copper deposit and surcounding area, mapping drillings (shaliow drillings
penelrating sediment cover to the bed rock) were carried oul.  Since 1990 exploration drifling has
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delineated the oré body of the "Central” Samarsky copper deposit and the “Western” Samarsky
gold-polymelallic deposit. A tolal of 76 exploration holes have been drilled (Fig. 3-1-1, Table 3-1-

1).

1-2 Geochemical Surveys

From the beginning of the systematic prospecting of oresin the Samarsky area in the 1950,
geochemical survey methods wese adopted and played an imporlant role in outlining the target arca.
Since 1957, lithological and geochemical prospecting of secondary haloes have been carried out in
the area. Over 30,000 samples have been taken. Sampling has been carried in a nemork of 100m x
20m or 100m x 25m.

Specteal analysis makes it possible 1o determine the following contents of 23 elemeats: Mo, Ag,
Pb, Cu, Co, Bi, Sn, Cd, Ge, V, Be, Sr, Ni, Sb, W, Li, Ti, Mn, As, B,Zn, Baand Auv.  This work has resulted
in compiling maps of secondary haloes of 13 elements which express the influence of mineralization
in the area ; Cu, Mo Sn, W, Ag, Bi, Au, Ba, B, Ge, Pb, Zn and As. They characterize geochemical
properties of geological structure of the area and make it possible to cva!uale its prospects.

At the Central and Northesa paits of the area copper haloes oulline an intrusive massive, hosting
copper molybdenum deposit. Sesies of smalt linear haloes are associated with zones of gold and
polymetallic mineralization. A halo with an intensity of 8.01-0.1% outlines the Central ofe field of
impregnated copper ore. It has ring shape.” Richer and closer to surface zones of copper
mineralization aré oullined within it by the most intensive anomalies from 0.03 to 0.1%

Haloes of W(0.003-0.03%), Sn(0.0002-0.0005%) and Mo(0.0003-0.01%) are
morphologically close to each other, have ring shape, apparently determined by morphology of a
younger intrusion, breaking through menzodiorite.

Summarized halo of Cu, Me, W and Sn is outlines the area of copper mineralization.
Touvrmalinization zones mappéd by B(boron) haloes are also interesting feom the standpoint of gold.
Au{gotd) halo is morphologically close to the projection of ote zone to the surface and is well
coreelated with copper. '

Haloes of Ag, Pb, Zh, As and Bi are located at the flanks of the Cu halo and characterize zones
of hydrothermally altered volcanicas, with zones of polymetallic mineralization.

Verlical geochemical zonation of the primary haloes has been analyzed on the Line 34 at the
cross-section of 11 expleration drillings. Maloes of Cu, Mo, Sn, W,B,Ge, Sr, Ni, Bi, Co, Pb and Zn have
been studied there.  Cross-sections clearly define morphology of mineralization zones, whichhas
inherited the anticline structuce of the ore field. The ore zone is arc-shaped with ils Western limb
dipping stecply niore than the Eastern one. Axial zonation of the ore body has been studied at the
Western limb.  The following above-ore elements are clearly defined here: Ge, Bo and Sn. The ore
body is characterized by hatoes of Mo, Av and Pb. Lower parls of ore body are characterized by Zn
and Mo; below-ore, low-productive levels are characteristic for Bi and Cr.
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1-3 Geophysical Surveys

 The information on previous geophysical studies of the Samarsky area are given in the list of
previous geophysical surveys (Table 3-1-2) and in the schematic map (Fig.3-1-3).

Systematic study of the Samacsky ore field staltea in 1960 with a combination of geological and
geophysical surveys atascale of 1:50,0600. In 1961 while checking a geochemical anomaly an area,
0.5km x 1.6km in size, was selected for detailed geophysical survey. An electrical potenllal .
anomaly with SOmV was obtained by the elecmcal method of SP. :

Based on the positive results of that work an areaof 15,75km’ wascovered by a 1:10,000 scale
SUTVey in 1962. The following geologlcal -geophysical methods have been applied magnetic
survey and metallometric surveys in a network of 100m x 20m (15.75km’), 1P, SP electric surveys
(7km’). The arca has been regarded as prospective for gold and silver as well as for copper-
parphyrsitic and polymeltallic ores and' it was recommended for detailed stedy. The "Samarsky
Zapadny" section was surveyed within its timits and was subsequently deﬁncd as prospective for
polymetals, Anomalies of Induced Polarization with intensity 6 to 85 were detected in the course of
an electric survey by IP méthod al the background value of 2%. Aband of mineralized rocks with
width of 100m, stretching for 400m in the north-west dlrecllon was delineated.

The quality of geophysical and geochemical surveys carried out in 1961-1962 does not
cOrres;fond to current requirements. Besides that, anomalies at Lines 16 to 20 cast doubt on the
accuracy of the surveys. According to V.P. VYDRINIhe total prospeclive arca is 40km’. _Since 1966
the Samarsky ore field has been slud:ed by the Atexandrovskaya group of CGPE (Ccn!ral
Geophysical Expedmon) A gravity survey in anctwork 200m x 100m (22, 1km’), magnehc Survey
in anetwerk 100m x 20m (7km Y and geochemical surveysin a networks of 100m x 20m and 100m
x 100m (6km2) were applied. Based on the prospeclmg resulls oblamed from 1965 to 1972
(Grankin and others), Thematic party (1989) ucommended further prospectmg work in this area.
The Samarsky arca was considered to be prospeclive for go!d and polymelals which justified forther
prospcclmg at the scale 1:10,000 in this afea. ; :

7 Gz.ophychal analysis utilized data obiained by lhe Balemba; par[y and lhe g:anly map al the
scale of 1:10,000 from the report of the Rybinskaia geophysxcal party.

Dala from the gramy survey of 1972 carried out on the Samarsky deposn area show lhe
Compllcatcd gravily field. Most probably it is connected with the wide development, in the area, of
various genesis of magmatic rocks and their intensive hydrothermal alteration down to more than
500m, The southern part of the anficlinal Tulkulin volcano plutonic ¢ircular structure on the
gravily map is clearly marked by a considerable increase of the gravily fieldand in the northern part,
by fower values. The border between them coincides with a zone of steep gradient on which the
Sarymsak-Tulkulin faull is mapped. According to the data of the magnetic survey at the scale of
1:10,000 the studied area is clearly divided into two different parts according to the natore of the
struclure of the magnetic field. The region of positive magnetic field is formed with
metasomalically changed graniloids and volcanic rocks of the Zharsor Formation. In plan it
coincides with the central part of the Tulkulin structure and has mainly longitudinal orientation of
cﬁanges of the magnetic field. The region of negative magnetic field encircles the cutcrops of
conglomerate-sandstone mass of the Kagyr Formation on the sides of thisstructure. The segion of
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positive magnetic field has a complicated structure expressed with a large number of anomalics of
various amplitude, strikes and dimensions. ‘The magnetic anomalies can be conventionally divided
into 4 pails: . : :

- the zone of small intrusives and dikes of the basic rocks

- the oulcrops of monzodiorite containing copper porphyric bodu:s

- the area of development of gold polymetal minesalization in the western area

- the outcrops of volcanic rocks of Zharsor Formation {south-eastera pant).

{1) The Anomalies of Intrusives and Dikes 7 7

The anomaly zone located within Line 28 (stations 200 to 350} is a series of small anomalies.
Spatially the described zone coincides with the area of development of andesite-basalt and
monzodiorite containing a latge number of small intrusives and dikes of subalkaline gabbro -diorite
and dolerite of the Late Permian Manybay complex It ought to be noted that smglmg out
volcanogenic and intrusive formations according to magnetic survey dala is quite complicated here
because of widely expressed pfocesses of melasomdusm

{2) The Anomalies of Monzodiorite .

An apomalous zone of magnetic ficld forms 1o the of north the first zone and occupies the
central part of Lines 28 to 50 (stations 200 to 380). It is characterized by a pair of high (500 to 1,000
nT) and low anomaties (200 10300 n'T). Spatiatly the zone coincides with cutcrops of the Tulkulin
small intrusive of altered monzodiorite of the first and second phases of Kukkudukutubin complex
conlaining bodies of coppér porphyric ores. According to the drilling data, the intrusive on the
depth increases sngmﬁcanlly Dipping of its toof in the south-eastern direction atthe angle of 30 deg
is observed.

It shovld be noted that within ore bodies granitoid and volcanic rocks of Devonian are
everywhere changed metasomatically to facies of beresite and propylite and in less changed shape are
preserved only in small areas. Within this zone oulcrops of beresite and beresitized quariz
monzodiorite of the second phase of intrusion form a broken half-ring, which in the westera part
coincides in plan with the most intensive half-ring magneti¢ anomaly. According to resulis of
determination of physical properiies of less changed samples of quartz monzodiorite they have
average magnelic susceptibililies as high as 1,631x10¢-* S1.

Howevei, the drilling determined that sometimes ore and ore containing beresile developed in
monzodiorite of the first stage of intrusion have high magnetic susceptibility. Inborchole No58in
samples taken from subore-and supraore-beresite, high magnetic susceptibility of these rocks (3,000
(o 5,500 x 10e-’SI) was measured. Similar high magnetic ore beresite were intersected in boreholes
No 48 and 49 at the depth of 100m to 312m, where the average magnetic susceptibility varies from
30810 3,182 x 10¢-"S1 reaching maximum values of 6,00010 9,000 x 10e-5 SI. ‘l'aking into account
all this data and the complex geological structure it can be concluded that the described half-ring
magnelic anomaly is most probably conditioned with not only quarlz monzodiorite of the second
phase bul also with ore containing and hematite and magnetite containing beresite developed mainly
in monzodierite of the first phase of Kukkudukutubin complex. This zone of the magnctic field is
characicrized by the presence of secondary areas of dispersion of molybdenum, copper, gold, silver.
Calculated anomaly grades appear to be equal and thesirike of secondary areas ageees with the strike
of primary structures.
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According to data from the repost of the Dalnenskaia geophysical party (1962), whichcarried
oul the electric survey works in this area, the Samarsky copper porphyry mineratization is marked
with IP anomalies with intensity 6 to 10% on a background of 3%.

In the south-western part of the areaa posm\‘c magnehc anomaly is defined in Lines 1210 26
(stations 16 to 220). This farge anomaly is isomctric in plan and is stretched in longitudinal
ditection with intensities up to 900-1,000nT. It COI[CRp(}ndS to the zone where the Tulkulin fault
adjoins small intrusions of quartz monzodiorite of Larly Permian Vishnev complex and hornfels.

(3) The Anomaly of Au- Po!)mclal Mmeral:zatmn _

The anomalous zone covers the north-wesfern part of the sludy area.  Inagravity map the area
of the relative gravily represents a decrease of values of grav:ly force, associated with the massive of
granitoids located at depth. The character of the magnetic field within this zone is marked by
relatively decreased values (from -50 to +100nT). Spallally it coincides with the arca of
development of sandstone of the Konyrskaia Formation and melasomahcall) changed toffites,
tuffoconglomerate breccia and large-fragmental wff andesite of the Upper Zharsor Subformation.
Maganelic anomaties of small dimension are conditioned with small unexposed dike-like bodies of
quartz monzodiorite of Barly Permian. Small exposures of these rocks are marked in many places
within this Zone and they were identified in many exploration wells. Within Lines $2 to 57 (stations
150 to 120) weakly positive or negalive anomalies cosselate with anomatous zones of supposed
polarization associated with hydrothermal activity. Three maximums of intensily of 7 to 8%
confined to tourmaline-serisile-quartz sulphide zones are defined within this anomalous zone.
Sccondary areas of dispersion of lead, zin¢, gold and, more seldom copper, are confined to
tourmaline-sericite-quartz metasomatically altered rock.  According to drilling data all large bodies
of gold-poiymetal ores and zones of mine{alizalion are localized within this zone.

(4) The Anoma!:es o[ !he Soulh Eastern Part -

The south-eastern part of the area, {Lines 0to 30), is characlerized by a magnehcfleld of small
intensity 100 to 300nT.  In plan this zone coincides with outcrops of volcanic rocks of the Zharsor
Formation. Spatially it coincides with the area of development of Middle Devonian terrigenous rocks
of the Konyr Formalion. :
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Table 3-i-2 Previous Geophyslcal Surveys In the Samarsky Area
( after BOOKL, 1992 )
liébort Year Author Method , scale Network, spac_mgi
148 {1960 |Khomchenko P. 1. [Ms - 1:100, 000 500x100 m
Zinchenko 0.V, 1, 000x100 =
CKSD, CGPE 1, 000x50, 500x50n
1:10, 000 100x20 m
Geh- 1:50, 000 500x50n
~ 1:25,000 250x50m
Es - 1:25, 000
161 {1961 [Pak V.P. ¥s - 1:100, 000 height 40n
Xaz -
164 1961 [Xhonchenko P. 1. [Ms - 1:10, 000 | 100x20
Yydrin V. P. Geh- 1:10, 000 100x20
CKSD, CGPE Es(YES)- distance 2, 0{0n
pitch 500n
Es(IP) - 200x200m
400x200m
100x20m
196 |1952 |Khonchenko P. 1. |Ns - 1:10,000(15.75)| 100x20m
Belousov A. L. Geh- 1:10, 00 100x20m
CKSDh, CGPE Es - 1:10, 000 (7) 200x40n
: (SP, IP)
494 |1965 |Opravhat V.A.  |Gr - 1:25,000 (22. 1| 200x100 m
- |Pacholyuk V.P. [Ms - 1:10,000 (4) 100x20 m
1972 |CKTSD, CGPE Geh- 1:10, 000 (6) 100x20 m, 100x100m
050 |t983 |Mageramova E.A. [Ms - 1:10,000 100x25
CKTSD, KSPE Es - 1:10, 000 200x50 m
Geophysical (sP)- -- pitch 25 m
party N

Gr:Gravity, Es:Electric, Ms:Metallometric, Gceh:Geochemical
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Chapter 2 Geology and mineralization

2-1 Geology

The Samarsky area is located at the marginal Devonian volcanic bell at the junélicn of large
catedonide structures, Etementay-Nyazsky anticlinorium, Semizbugin and Shokshan synclinoria.
‘The structural position of the area results in wide deveiopment of volcanic, infrusive and
volcanogenic-sedimentary formations of Devonian age. ‘The stratificd divisions of sedimentary
formations and intrusive formations have been defined as described below:

2-1-1 Sedimentary formation ~ .
(1)} Devonian System

Devonian system deposits are widely spread through the lefrilory of the area. They compose
basically the wings of a Tulkulin ring volcanic-plutonic structure and are divided into Farly-
Devonian Zharsor tuffogeneous \D!canogenic and Middle-Devonian Konys volcanogenic
sedimentary Formations. The former is subdivided in turn into Lower and Upper Subformations.

Early:-Deyonian Zharsor Formation

According to petrochemical and lithologic data the Formation isdivided into Lower and Upper
Subformations mainly composed of volcanics of basali, andesite and dacite composilions
respectively. :

Lower Subformation : The Lower Subformation of Zhassor Formation is most widcly spreadin
the South-Western and North-Eastern parts of the Samarsky ore field. The Subformation
discordantly ovestaps the Silurian and Ordovician deposits and itis concordantly overlapped by the
rocks of the Upper Subfermation within the area.  The thickness of the Lower Subformation isnot
less than 545m. The formation is mainly composed of agglomerate toff. Lower Subformation
volcanics in the Zapadny area are metasomatically altered to fully-manifested beresite with abundant

pyrite.

Upper Subfermmation : The Upper Subformation of Zharsor Formalion is concordanily
overlapped by volcanogenic-sedimentary deposits of the Middle Devonian Konyr Formation. ‘the
described deposits are most widely developed in the South-Eastern and North-Westesn parls of the
site dipping atanglesof 20-30° . Ttconstitutes timbs of the Tulkulin volcano-plutonic structure. It
iscomposed of coarse-fragmental pyroclastic tuff and sometimes fava of andesitic dacite and andesite.
‘The thickness of the Upper Subformation is more than 510m.

Subvolcanie formations : Subvolcanic formaliens of the Farly Devonian related fo the
volcanism of Zharsortime are widely spread at the Lower Subformation. [t ismainly composed of
leucocratic basaltic, andesitic basallic rocks.
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Middie Devonian Konyr Formation

Deposits of this Formation in the Zhivet stage widely occur in Northern and Western parts of the
Samarsky area. Konyr Formation with washout and angular unconformity overlaps the volcanic
rocks of lower and uppes members of the Zharsor Formation and it is in turn overlapped by Neogene
clay. The formation is composed mainly of red-colored tuffaccous inequigranular sandstone,
conglomerate. The incomplete thickness of the formation is less than 250m,

(2) Neogene System

The deposits of Neogene age are represented by Kalbaman, middle to late Miocene and Pavioda
late Miocene-early Pliocene formalions composed mainly of clay and formations of ndepos:!ed
disintegrated weathering crust with lenses of sand and pebble. :

Middle-late Miocene. Kalkaman Formation : The deposits occurring widely in'the area overlap
the rocks of Paleozoic and they are overlapped by the formations of Paviodar series.  The Kalkaman
Formation iscomposed maml) of facustrine, alluvial- lacustrine and dlluwal -proluvial grey-green fal
clay and redeposited weathering crust. The thickness of the Formation varies from a few meters up to
50m.

Late Miocenc-Early Paleocene. Paviodar Formation : The deposils of this formalion haye wider
areal occurrence in comparison with those of the Kalkaman Formation. The largest arcas in which
their bedrocks are found are in the narthern and pocth-eastedn parls of the site. -They overlap the
Kalkaman Formation and Paleozoic rocks and they are covered by Quaternary formations. The
formation is composed mainly by red-brown, more rarcly by speckled, washed lacustrine,
lacustrine-atluvial sandy clays. The formation thickness varies from a few nielers up 10 22 and 35m.

(3) Quaternary System

The ldwer layerinihe Qualernary system is Lacustrine-alluvial déposits that occur most often in
the westernpart of the arca. They are sepresented by lacustrine-alluvial and atuvial brownish-beige
loam, clay and polymictic fine-middle grained sand. The thickness of the rock mass is less than Sm.

Middle-Upper layers are Proluvial-diluvial deposits (pd QII-II). They are represented by
carbonaceous sandy loam with the debris.” The thickness of these deposits does not usvally exceed
1-2m. Recent layer is Proluvial and lacustrine deposits composed of proluvial loams, sandy loams
and sands occur most widely in this layer. The thickness of such deposits is not more than im.

2-1-2 Intrusive forinations

Intrusive formations in the Samarsky area are strongly variable depending on the time of their
inlrusion, petcochemical properties and structural position.  Allof them are closely connected with
Devonian voleanism, which resulted in the formation of ore containing Tulkulin volcanic-plutonic
struclute and with Permian stage of Epicaledonian tecionic-magmatic activation. The following
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complexes have been conventionally defined.
(1) Lower Devonian Karamendin Complex

Early Devonian Karamendin comple.\: of qual(z-diorite,_ associated with the first phase of
intrusion and granodiorite porphyry of the second phase of intrusion constitute the Tulkulin
intrusion, which is outcropping inthe central part of the voleanic-plutonic structure in the Samarsky
ar¢a. Both major phases are accompanied by sub-phase intrusive aclivities.

The former sub-phase is composed of the associated melasomatic formations of med ivm-fine
grained, micsodiorite and guarlz- dmnle-porphyr) of exocontaclfames beresite, potassiom feldspar
facies, propylite and secondary qu:mzue '

The latter sub-phase, continuing to the second phase formed associated intrusives and dikes that
coincide in places. They are composed by quariz-diorite-porphyry biotite-plagioclase-like,
eruptive breccia of granodiorite-porphyry, beresite and potassium feldspar facies.  This complex is
most widely spread within the Devonian volcanic belt and is closcly connecled with Devonian
volcanics. During all of these activities some parls of the inteusive bodies were brecciated and
formed so-called breccia pipes in the central part of the massive. The breccia pipes include many
kinds of clastic fragments of early stages and hosling trocks of Early Devonian Formations. These
breccia pipes played an 1mporlani role in the hydrothermal alteration and copper-porphyritic and
gold polymetalllc mmerahzallon in the second phase intrusion of the complex.

“Plan view of Tutkulin massive shows that it has an oval shape, and is apparently represented by
a stock-shaped body, 6 x 3km in size. Al the Western part of the area the intrusion is cut of f by the
Western-Tulkulin vpthrust-overlap.  Almost everywhere rocks of this complex are almost
completely altered by metasomatism to beresite.

(2) Lower Permian Vishney Complex of Quartz Monzodiorite

Lower Permian Vishnev complex of quarlz monzodiorite, less frequently monzodiorite and
granodiorite has been conventionally defined within the Samarsky complex. This complex consists
of minor introsions and dikes, mostly located in peripheral parts of Tulkulin volcanic-plutonic
struclure and zones of faults. Mostof them are partly or completely overlaid by Neogene claysor
are not uncovered by erosion at the sandstone of the Konyes Formation. The most widely spread
rocks are represented in the complex by guarlz monzodiorite, conslituting the majority of dikes and
in!t_usi#e bodies.

(3) Upper Permian Manybay Complex

The complex of sub-alkaline dolerite, gabbro and gabbro-diorite has been conventionally
defined in the surveyed territory, ‘This complex includes groups of dikes and minor intrusions,
located mostly at axial parts of the Tulkulin volcanic-plutonic steuclure. Most often granitoids of this
complex occur in the Southern pard of the teeritory.
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(4) Upper Permian Koitas Complex

The Koitas complex of rhyodacite-porphyry, shyolite- porphyr) and granite-porphyry is
defined conventionally. This complex includes group of dikes and less frequently, minor intrusions,
mainly located at the peripheral part of Tulkuhn volcamc -plutonic ring structure.

2-1-3 ‘Tectonic Structure

The territory of the Samarsky area is located within marginal Devonian volcanic bell at the
junction of large Caledonian structures- -Eremenlay-Nyaz anticlinorium, Semlzbugm and Shokshan
synelinorium, adjacent to the junction zone of Caledonian and Early Hercynian structures of Central
Kazakhstan, thus determining its complicated tectonic structure.  There are twostructural stages and
five structural and intrusive complexes defined based on the type of prevailing folding and fault
tectonics are on the magmatic and sedimentary formations within the area. The main structural
element of the Samarsky area is the Tutkulin volcanic-plutonic ring structure. The first and the
second structural stages are defined within the orogenic slage of development. '

First structural stage : The first structural stage is composed of continental andesitic bacall-
dacite Lower Dévonian formation of Zharsor Formation and Early Devonian orogenic intrusive
Karamendin complex of diorites. By lhebeg:nnnngof]ﬂx\ er Devonian agelhe areahad undcrgone
significant tectonic restructuring by Caledonian tectonic movement and the Tulkulin ore- conlaining
volcanic-plutonic ring structure wilh minor intrusions was formed. Above-intrision roof of
Tulkulin minor infrusioas is composed of volcanics of andesitic basait-dacite formation in the
Western and Eastern part.  The central part of the volcanic-plutonic structure is complicated by
numerous faulis and minor intrusive and dike bodies of the Permian age. These are mostly
granodiorite of Farly Devonian Karamendin complex. They form the Tulkulin intrusion,
conlaining gold-polymetallic and coppes-porphyritic mineralization. 1t has a dome structure with
its nucleus composed of hydrothermally aitercd granodiorite of Early Devonian Karamendin
conplex.

Second structural stage : The second structural stage is composed of continental-marine
Middle Devonian molasse rock associaled with the Xonyr Formation, conslituting overlaying
Samarkand syncline. The syncline forms the slructure of the Northern, Western and Eastern limbs
of the Tulkulin volcanic-plutonic struciure.

Stage of developing Eplcaledonian activity : Epicaledonian activity is represented by minor’

bodies and dikes of alkaline and acidic composition of Early and Late Permian Vishaev, Manybay
and Koitas complexes. The described folding and infrusive complexes are complicated by
nunterous faults, thal are characlerized as having imporlanl tec(onic and ore-delermining roles,

Faults are widely spread and play an important role in the geology of the area, delermmmg
prevalence of small blocks in its structure. ‘The thajor faults are the Tulkutin, West-and Fast-
Tulkulif, Sacymsak-Tulkulin and Sarymsak faults. -The largest fault is the Tulkulin deep seated
fault which is assumed to have a steep Western dip(60-85 ), meridional strike and is siretching from
the South to the North through all the Western part of the territory of the area. ' In the Weslern part
of the area it limits placement of mostly copper-posphyritic mineralization of the Samarsky deposil,
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and its outlining tectonic cracks are responsible for placement of gold-polymetaltic mincralization.
The East-Tulkulin fault, which has a North-Eastesn direction, is located in the South-Easiern part of
the area, uplhmsiing with d-islocalion, directed to the East at the angle of 70" . The fault outlines
outcrops of the Tulkulin intrusion and the Eastern ftank of a copper-porphyritic body to the Westof
the Samarsky area. 'The Sarymsak-Tulkulin fault is located in the Central part of the area. It hasa
steep, almost vertical dip and isoutlined by dike-like bodies of granodiorite of Early Permian age and
coincides with oulcrops of granodiorite of the second intrusion phasc of the Karamendin complex.
Other numerous smaller faulls can be divided into two groups of tectonic cracks with Norih-Eastern
(younger age) and North-Westera strike. _

2-2  Mineralization and Alteration
2:2-1 Mineralization

Ore deposils and occurrences, located within the Samarsky survey area arc included in
copper-molybdenum-gold formation and are closely associated with Devonian volcanism, that has
resulied in formation of ore-containing Tulkulin volcanic-plutonic ‘structure. The structural
position of the Samarsky survey area resulled in develop'mém-of two types of mineralization:
copper-porphyritic and gold polymetallic.

{1) Porphyry copper type mineralization

Two comparatively large bodics of copper-porphyritic are occurin the Samarsky survey area.
They are located in the Northern part (No.1 body) and in the central part (No.2 body) of the area.
Both or¢ bodics are composed of metasomatic altered rocks of quariz diorite, granodiorile of the
Early Devonian,

Ore body No.2 is the object of geological ore reserve estimates in thisyear. 1t islocated atthe
above-intrusion zone of Tulkulin massive. The massive is composed of hydrothermally allered
rocks of beresite-sericitc composition. The ore body was delincated based on the cut-off grade of
copper 0f 0.2%; it has an isomeleic shape with irregular borders and a size of S00mx400m. Itis cut
by faulis, having Norsth-Eastera (Sarymsak-Tulkulin, Sarymsak) and meridional directions
(Tulkulin). Ore body No.2 is shaped like a cone and is located in the upper parls of the intrusive
massive. The bottom of this cone is close to oval shaped, with the size 2,000m x 1500m. The vertical
range of mineralization is over 500m.

Ore body No.1 has a similar character to No.2. The shape is like a cylinder with a slightly
stretched oval cross section approximately 400m x 250m in  plan view. Their major sulphide ores
are veintet-impregnated and impregnated-veinlet types.

(2) Gold-polymetallic type mineralization

This type of ore has been found in the "Western” section and ils Southern extension. Ore
minerfalized zones arc associated with the Zharsor Formation of Lower Devonian. Gold ore
mineralization is developed at the zone of crushing and hydrothermal alteration (sericite-bercsite
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nictasomatic alteration).

Orc and ore mineralized zones do not have clear géological borders. They have been
delineated by sampling and are represented by accumulations of gotd- ponmelalhc quartz, quartz-

carbonate, quartz-sulphide, sulphide veintets,. The mineralized zones have conformablg

oricatations with surroundmg ceushed zone of North- Eastern strike with the inclination of 35-55".
Analysis of ﬁpalnal distribution and structure of ore bodies shows, that all of them have zonal
structures. ‘The outer zone contains poor polymelalllc and gold mmerahzanon inner parts con!am
commercial mineralization (over 3 g/t Au).

Tour gold ore bodies have been discovered in a north to south line in the North-Western
Duamkorin section. In the two northern bodies gold prcva:ls overlead and zinc and in the southern
bodies lead and zinc prevail over gold. :

(3) Gold-bearing crusts of weathering.

Gold-bearing crusts of weathering are widely developed within the Dumkbrin tectonic block

(Zapadn) ~“Western" ':ecnon) and are localized in Neogene sediments. They have an average
thickness of 20m and average content of gold of 0.2 g/t Av. '

2-2.2 Mineral Composition

" Based on the resulis 6f micfoscopic observalion and others, general characteristics of selected
ores hasbeen studied for mineral composition in the Samarsky ore deposits area. Twomain types of
ore have been defined here: copper ore and lead-zinc ore with gold. Their characleristics are as
follows:

~ Copper ore : According to the assemblage of cdpper minerals, copper dres are cla551fled inlo
chalcopyrite ore and chalcopyrite- molybdenite ore. Chalcopyrite mineralization is being regularly
replaced at depth by chalcapyrite-molybdenite mineralization. - Chaleopyrite ores are basically

composed of chalcopyrite, pyrite and accessory sphalerite, rutile and magnetite. Molybdenite-

chalcopyrité ores are mostly composed of a(.‘gessor) molybdenite, pynte and rutile. Hosting racks of
these ores have spotted textures. : :

Polymetaltic ore : Polymetallic ore is composed of lcad, zinc and in some cases gold is also
present. Their mineral compeosition is basically sphalerite, galena, pyrite, chalcopyrite and, as a
minor minerals, chalcocite, tetrahedrite, native gold, magnetite and rulile are also preseat in some
cases. The dominant texture is “impregnated” with some veinlet-like and veinletfointing lextures
also apparent. Gold is found in the veinlet type texture ore.
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- 2-2.3  Alteration

Intrusives and hosting volcanogenic rocks are affected by intensive hydrethermal altesation.
Distribution of hydrothermally-altered rocks is in the form of concentric zones (Fig.3-2-2).
Silicified rocks are located in the center, Moving outward, they are replaced by vast zones of
quartz-sericile composition, transforming into sericite, which is then replaced by quartz-tourmaline
and tourmaline. Flanks of the area are moslly occupied by propylite. Hosting rocks of copper-
porphyrilic deposits are géne:élly altered with various iménsi(y toberesite. In general, mineralized
zones of gotd are also associated with sericite-beresite metasomatic rocks.  Gold ore mineralization
is developed at the zone of crushing and hydrothermal alleral_ioh containing fine impregnation of
pyrite. The secondary élleralio_ris in the rocks of the Konyr Formation were expressed by
recrystallization of cement and they are presented mainly by the processes of chloritization,
carbonization and silicification. -' '
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Chapter 3 Geological Resources Estimation

In the Samarsky survey arca, (wo types of ore deposit have been discovered as mentioned below.
The Japanese survey team checked the geological ore reserve estimation for the Samarsky porphyry
copper depasit.

3-1 Data Base

The copper-bearing parl of the core sample was determined by semi-qualitative analysis of all
cores. Only samples with high copper contents were separated and analyzed in the
Karagandageologiya laboratory for copper, molybdenum, silver, gold and zinc. The analyzed
sample units are basically 2m long core section. ‘These analyzed data are put in the hand-written
chemical master file with their drill numbers and sampling depths. '

For the preparation of the data base of orc zeserves in Samarsky deposit, analylical results were
entered by the Japanese survey team using personal compulers with spread-sheet-lype software.
Becaunse of time limitation, dataonly inside the Samarsky porphyty copper orc body were considered.
The total number of driltholes entered is 30 holes and the total number of analyzed datais 2,197 sets.

3-2 Calculation Method
3-2.1 Calculation Method of the Kéragandageologya
The copper deposit block is delineated by the conditions listed below:

(1) The cut-off prade of copper deposit is 0.5%Cu on the basis of Sll.ldl;&S by the
Karagandageologiya on the engineering and economical conditions for the Samarsky deposit.  'The
rich ore is defined by the value of Cu equal to or higher than 1.0% .

(2) In the case where the ore is intersected in two distinct layers separated by a lengthof country
rock, the countiy rock and both intersection are considered to be one ore infersection provided: a) the
length of included country rock does not exceed 15m and b) the length weighted mean of grades
exceeds 0.5%Cu. H either of these conditions is not met then the intersections are considered
separately (i.e. two different ore bodies}).

(3) ¥f the ore intersection continues (o the bottom of a drillhote then the length of interscciion
was assumed to extend for an additional 100m. Asall the exploration drill holes are 600m deep, the
maximum depth of the calculated geological ore block is 700m (about 280m above sea level).

(4) The panelfsection method was used by Karagandageologiya to delineate the block ore body
in plan. Parallel panel sections were arranged at 100m intervals along an east-west axis. The section
view of the ore body on each panel was determined by the distribution of ore intersections in
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drillholes located in the plane of the section. The shape of the ore body in plan was determined by
interpolating between neighbouring section,

(5) In cases where the extent of the ore body was not defined in any panel to the north or south
an additional intersection of Om was assumed ata distance of 100m. In this manner the ore body was
closed in the north and south directions by wedges.

An ore body defined in this manner was used by Karagandageologiya to evaluate the gcologlcal
reserves by the following method. S

{1) Avea of ore in panels : A planimeter was used to determine the area of intersection of the
org body in the panels described above. The planimeter calculation waschecked by summmg the area
of triangles fitted to the area of intersection. ;

(2) Average grade ofpanels : Average ore grade of a dritlholes is calculated by the length-
weighted average of ¢ach analyzed sample. The panel_évelage grade is calculated by the length
weighted average of the average geade of drillhotes in each panel. The block average grade is
calculated by the area-weighted mean of the average grades of ali panels in a block.

(3) Volume calculation of 2 block : For volume estimation of ore; each block was calculated by
either prism-equation, truncated-pyramid-equation or wedgé -gquation. In cases where the
difference of ore area in the neighbouring panels was less than 40%, the prism-volume calculation
equation was adopled. If the difference was more than or equal to 40%, the truncated pyramid-

volume calculation equation was adopted. And in the case lhai ore extends bE) ond the last panel

section, the wedge-volume calculation équalion was adopled

(4) Weight of ore : In order to calculate the weight of ore reserves, Karagandageologiya utilized
the average measured copper ore density of 2.76 t/m’.

3-2-2 Caiculation Mclhod-of- t'lie_Jhpaheise'Silri"éy Team

The Japanese survey leam checked the accuracy of the Karagandageolognya eslimate by
n.pcalmg the calculahon using the same procedure.

In this operation the Japanese team adopied the same value of each analyzed sample, ore block
delineation, cut-off grade and delineation cendition used by Karagandageologiya. The panel area,
block volume, densily and average ore grade were caleulated, and using these values, the weight and
amount of melal in each block were determmed The subsequent summation of blocks gave the
finat geolog:cal ore resene esllmahon E\ccepl for the measuremeni and the catculahon of ore
block areas in panel sections, all other calculations were by personal computer using spread-sheel
type soflware. :
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3.3 Result of the Calculation

Comparing the geological ore reserves of Samarsky calcu!atcd by Karagandageologiya and the
Japanese survey team, similar values are observed, and are shown in Table 3-3-1.

The total arca of Samarsky ore block panels cafculated by the Japanese survey team is
378,838m’ (99.0% of 382,663m’ of Karagandageologiya). Then the volume of ore body is
41447469m* (101.8% of 40,729933m’). Multiplying the conventional value of densit);, 2,76
(same value) the total ore ceserve is calculated as 114,395,015t (101.8% of 112414,616t). The
average copper content is 1.28%Cu (102.8% of 1.24%Cu) and the copper metal amount is
1,458,777t {104.4% of 1,397,8061) as calculated by the Japanese survey team.

In these calculations of geological ore reserves some problems were identified. The most
important problem is that only 12 drillholes intersect the ore body-. From such a small number of
interscctions it is impossible to precisely delinéate the ore body. The continuity of the ore block is
therefore very uncertain at present.
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Table 3-3-1

Mo Deposit in the Samarsky Area

Summary of Geoibglcal Raesources Estimation ot the Gentrai Gu-

TEAM/Calc.| Japanese Survey Team | Karagandageologiya
- HEM - (159%) {1994} Nole
T Geological Ore Beservelieological Ore Reserve
Category of Estimation | {not Mining Reserve} | (not Mining Reserve)
Calculation Method | Panel/section Mettod | Panel/section Method
No._of Usod Drills EE e o
Mo, penetr.:ate Ore- l 2 ----------- ___1_ %______
Ratio{A)/(B)
Qutline of Estimation | {&) - {(B) (%)
[ Dinension teng {ENE) () 8 0 0 B 3 0_0 _ - _ —_
of Dep. Fidth(¥N0) (m} | £00¢max)- 500 dmag-s0 |
Pepth  [Min. m 8g 8% 1
of Dep. N’at B (n} __; 6.1 2_ . B A. E- I 2 o
Average Thickness (m) - -
Yolune my| 41.447,469 40,729,933 101.8
Ore Density 2.76 2.76 100. 0
Ore Weight (1Y]114,395,015 (112,414,616 101.8
T Tew m 1.28 1.24 102.8
OreGrade| Mo (M|  o.01 | rot caleulated | -
Ag @wo| z.46 | rot cateslated | -
Au @Wv| 0.48 | rot caleutated | -
“cu (]| 1,458,777 | 1,397.806 104. 4
oot [Mo 0| r0sre | memems |-
Amount - Ag ----- (ké) -------- 281709 - noi calculated . ) i-*
Au | 54,716 | not caleulated -
1) Ore body boundary delineated by the Karagandageologiya is adoped.
cicton | 1015 4 isetor of 11 et oo and st s
of |2) Block volune is calculated by either prisa or truncated pyranid
Catculatiog  depending on the defference of section area on end panel.
..Jn_the case of ore-pinch out, vedge volume calculation is adopted.
5 ho cutealt arado.is 0 8¥6a Interiaver in 1oss than 16n |
Results |1) There is no significant difference in the results.
2) The difference of values depends on area and grade differences.
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Part IV Conclusion and Recommendation
Chapter I Zhaman-Aibat Area

I-1 Conclusion
Geology and Mingra!izélion

{1) The stratiform copper mineralization occurs exclusively in the grey-colored alluvial-deltaic
sandstone faces within “ Red Sandstone Formation” of the Carbeniferous.

{2) More than 200 drill holes on 2 200m X 200m grid spacing confirin that there are three main
orebodies, namely, the Central, Northera and Eastern Orebodies. Thesc orcbodies are distributed in
an area with dimensions : 12.5km in the east-west direction and approximately 5 km in thé north-
south direction. The depth of the ore horizon is approximately 460m~480m in the castern arca
and the depth inceeases towards the west. At the western edge of the Central Orebody it reaches
650m in depth.

(3) The mineral assemblage of the ore is compasatively simple. The main minerals are
chalcocite, digenite and bornite. Galena, sphalerite, chalcopyrite and pyrile are in small amounts.
Major ore types are confined to the Copper Ore {Cu), Complex Ore (Co+Pb+Zn) and Lead-Zinc Ore
{Pb+Zn).

(4) The geological resources weze calculated as ;
Eastern Orebody: 116million tons (mainly Cu Ore: 1.3%Cu, 11g/tAg, 5.5m thick),
Central Orebody: 38million tons (Cu Ore: 1.9%Cu, 11g/iAg, 3.9m thick,
Complex Ore: 1.5%Cu, 1.8%Pb,0.3%Zn, 11g/tAg, 5.6m thick),
Northern Orebody 39rmlhon tons (mainty Cu Ore: 1.3%, 37g/t Ag, 6.6m thick),
Total: - 193million tons (1.4%Cuv, 0.3%Pb, 16g/tAg, 5.4m thick)

Drilling Survey

(l} For the puipose of éonﬁrming ore stratigraphy and occurrence, and of providing samples
for the ore dressing lests, fwo holes, MJK-1 and MIK-2 were drilled.

{2) MIK-1 (final depth: 650.5m,verli¢ai) was drilled in the Bastern Orebody in 1995 and the
copper mineralization (Ore Horizon 4- 1) could be observed between the depths of 598.0m and
605.8m.

(3) MJK-2 (final depth: 700.0m, ventical) wasdrilted in the Central Orebody in 1996. In this
drill hote, the copper and lead minesalization (Ore Horizon 4- 1) could be observed between the
depths of 605.4m and 619.7m, and weak copper mineralization (Ore Horizons 3-Vland 3-1I)
between the depths of 630.0m and 635.7m and between 688.9m and 692.5m respeclively.
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Ore Drcssfng Test
(1) The ore dressing tesls of the Copper Ore and of the Complex Ore were carried out.

(2) From the series of testresults, it is considered thatbulk differenllal flotation is adaptable fo
both the Copper Ore and to the Complex Ore,

(3) Test samples consisted of MIK-1 core mixed with some rock feom the hanging wall and foot
wall. The grade of the composite samples after preparation was 1.69%Cu, 0.51%Pb, 0.03%7n,
1.80%Fe, 1.01%S, <0.1gtAu, 12gAAg. By the bulk differential flotation process, a copper
concentrate of 39%Cu with copper recovery of 86% and a lead concentsate of 48%Pb with lead
recovery of 67% were obtained,

(4) Test samples of the Coomplex Ore were composed of MJK-2 core and ore samples which
had been oblained by the Kazakhstanteam. The grade of composite samples afller preparation was
1.70%Cu, 1.11%Pb, 0.03%Zn, 2.21%Fe¢, 1.00%S, <0.1gAAu, and 5gAAg. By the bulk differential
flotation process, a copper concentrate of 32%Cu with copper recovery of 92% and a lead
concentrate of 66%Pb with lead recovery of 78% were obtained.

Mining Technology in the Zhezkazgan Mine

- (1) The Zhezkazgan Mine is clearly morphologically and genetically analogous to the
Zhaman-Aibal Deposit. The investigation of the Zhezkazgan Mine confirmed that mining
technology being used in the mine is applicable to the exploitation of the Zhaman-Aibat copper
deposit.

(2) The orebody of the Zhezkazgan copper deposit is being mined by three kinds of the
underground mining method, namiely panel and pillar, room and pillar, and slicing meéthods. These
mining methods were chosen according to the morphology and properties of the ore deposits, such
as thickness(m), ore grade{%Cu}, inclination (degreé) and the character of the country rock and ore.
The mining recovery is quite sensitive to parameless, such as diameter of room pillars, width of rib
pillars and depth from the surface.

(3) By using formulae developed by the Giprotsvetmet Institute in Moscow, if the thickness of
ore is 6m, the mining recovery is calcvlaled as 87.3%, 86.3%, 84.4%, 83.3% with increasing depth of
200m, 300m, 400m and 500m respechvely ‘The Zhaman-Albat Deposit is located at greater depth
than the Zhezkazgan Mine, and mining recovery of 6m of ore thickness is estimated fo be as low as
75.3% and 73.7% at the depths of 600m and 700m respectively. :

Conceplual Design ol‘lhe Lhaman -Aibat Mme

(1) For the conceptual design and the cost calculation of the Zhaman-Aibat Mine development,
definition standards in several counlries, such as Avstralia and USA vwere used. ' And the mine

development and mining method were adopled based on verbal reporis on the Zhezkazgan Mine

whose deposit has analogies to the Zhaman-Aibat Deposit,
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{2) The panel and pillar mining method applied at the Zhezkazgan Mine was selected. The
mining ore recovery and ditution of ore wese determined as 75% and 5%, respectively.  The minable
ore reserves, metal amount, average ore grade and average ore thickness with the cutoff grade of 0.4%
Cu and with the minimum mining height of 3.0m were calculated. The results indicates that the
minable ore reserves were 118, 742 kilo tons and total metal amounts were eslimated to be as 1,375
kilo tens Cu, 195 kilo tons Pb, 35 kilo tons Zn, 1,019 tons Ag, tcspectwely Thus, the average metal
contents are 1.16%Cu, 0.16%Pb, 0. OB%Zn, 8. 59g!£Ag, respectively.

{3) The configuration of the Zhaman- Albat Mine by this concepiual design wasdrawn from the

following; The mine will be of medium size incorporating the underground mining method

supported by seve[al vertical shafts. A raitroad and paved road will be constructed between
Zhezkazgan Cily and the Mine site. Elcctricity will be supplied from a transformer station by a
220kV power line. An ore dressing plant wilt be constructed at the mine site and_the produced
copper concentrates will be transported to the proées.sing plant in Zhezkazgan City. Copper and
silver contained in the copper concentrates will be sold to the Zhezkazgan smelling plant,

(4) The annual production of the Zhaman-Aibat Deposit is estimaled as 5.6 million tons (mine
life : 22 years), that is set for the base case. From the results of the milling tests, the copper
concentrate recovered is expected lo be 35% Cu grade witha recovery of approximately 90%. The
amount of copper concentrate is 596 tons / day.

- (5) Itisestimated Irhral the total number of mine workers including management staft, wili be 930.
In detail, there will be 450 underground workers, 358 surface workers, 130 engincers and general /
administration staff.

{(6) Itis estimated that the operation cost willbe 15.92 $US/ton ore, 67 cent/Ib of Cuin the base
case. In defail, mining will be 35%, mine facilities 13%, ore dressing 27%, administration 6%,
concenirate lransport 2% and camp management 17%.

(7) The capital cost was estimated as 492 million $USin the basecae  within which 471 million
$US are for construction cosl and 21 million SUS are for working capital. Of the estimated 492
niillion $US, 347 million $US will be needed for primary investment and 156 million SUS for
additional investment.

(8) The discount cash flow/ internal rate of return (hercinalter DCF /IRR} was estimated as
5.40% in the base case, under the conditions of ere dressing recovery of 90% and 98%, respectively,
trealment charge /refining charge (hereinafler TC /RC) is 20 cent/ Ib Cu, and metal prices 2,5008US
fton for Cu and 4.0 US /TRCZ for Ag. [t should be noted that capital cosis and taxes are not taken
inte account inthis DCR /IRR. Considering a tax rate of 30%, and assuming an IRR of 3%, an IRR
(before paying tax and interest) of at least 12% will be necessary.

(9) A sensitivity analysi for the rate of return was performed by varying the parameters of
copper price, TC / RC, capital costs and investiment costs from the standard model (annval
production :5.6 million tons, copper price :2,5008US /ton Cu, TC /RC :28 ceat/1b Cu). In thecase
of 30% reduction of the operating cost, the IRR willincrease 10 7.77%, on the other hand a savingin
capital cost of 30% will improve the IRR to 4.99%
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1-2 Recommendation

(1) Although present development of the Zhaman-Aibat Deposil is considered economically
marginal, the deposit satisfics essential criteria for successful future mmmg and ithasaclear potenhal
for exploitation, It isexpected thal an increase of salesrevenue resullmg from rising copper prices
in the mlemahonal market and decreasing mining costs associated with the mltoduchon of more
efficient mining technologies will impact beneficially on the economics of the project. Conlinuous
review and re-assessment of the economics of the Zhaman-Aibat Depdsil is therefore strongly
recommenided.

(2) In order to realize the profitable development of the Zhaman-Aibat Mine, the government
shotud actively support infrastructure construction such as railcoads, roads, electricity and water
supplies. Further supporl from the government shoutd include exemptions from taxes, sales duties
and xmpoﬂ duties.

(3) By the results of this year’s geostatistical assessment, the accuracy of the ore reserve
estimation is adequate fos pre-FS stage. Adgditional drilling to confirm the grade distribution of
high Cu and Ag in each orebody and Ihe dctalled dlstnbutlon of Pb and Zn grades in the Cenlral
Orebody should be undestaken.

(4) The construction of a highty reliable data base and management of the data base are essential
for the ore reserve evaluation and economic study. The intreduction of a computer sysiem,
computer data base and an appropnate ore 1eserve evaluation methods which meel the requirement
of a market economy sysfem are urgenlly requlrcd
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Chapter 2 Samarsky Area

2-1 Conclusion

(1) It is confirmed that there are two types of orérdeposil, poiphyry type toﬁper-molybdénum
deposit and gold-bearing polymetallic deposit. These deposits show zonal disteibutions centered on
copper-molybdenum zones. ) o

(2) The porphyry type copper-moliybdenum mineralization occurs in breccia pipes which were
formed within the intrusive bodies of quarizdiorite at an carly stage and in the granodiorite porphyry
at a laterstage. The oxidized zone isconfirmed to the depth of 30m - 50m and the primary sulfide
zone starts from this depth and continuves to greater depths.  Secondary enrichment zones have not
been reported. _ Do

(3) The high grade zone of greater than 1.0%Cu is excl’usi\'e-ly found within the breccia pipes
mentioned above. Thus, the shape of the high grade copper orebody is represented by that of the
breccia pipes.  The actval shape of the orebody shows an increasing diameter towards greater depth.

(4) Gold-bearing polymetaltic deposits are distributed in the sheared zone of the hanging wall
side of thrusts ruaning in the north-south directlion in the north-westesn to western part of the survey
area. The previous survey confirmed that there is one main vein and three branch veins. These
veins  strike in the north-south direction and dip 35" - 50" to the west.  The average thickness and
ore grade is estimated to be respectively 5.6m and 3.82 g/t Auand 20g/tAg. Itis confirmed that the
ore zone confinues approximalely 800m along the strike dicection and 1,000m along the dip
direction, which means that mineralization is confirmed to a depth of 350m below the sufface.

(5) The veins consist of mainly quartz accompanicd by galena, sphalerite, chalcopyrite.  Gold
occurs as nalive gold in quarlz veins and some in galena, chalcopyrite and pyrite.

(6) The geological resources inside the Central Samarsky Copper Deposit were calculated by the
japanese survey team. The resulis indicates that the ore reserves were 114,395 kilo tons, total melal
amounls },459 kilo tons Cu, the average metal contents 1.28%Cu, rerespectively.
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2-2 Recommendation

(1) In the Samarsky copper-molybdeaum deposit, it is confirmed that the high grade copper
mineratized zone is tocaled deep beneath the surface.  Considecing the reality of the actual mining
operation, some difficultics associated with the depth of mining arc expected. Thus, the future
exploration should focus on surveys for finding new copper- moly bdenuvm mineratization at
shallower depths. It is recommended that the following works be carsied out in future campaigns:

* the eastern marginal area of the quarlz diorite intrusive body
* in the areas surrounding the breccia pipe located, about 1km southeasl of the knm\ n orebody
* in the area between the known orebody and the Tulkulin Fault.

(2) The exploration works for the southérn extensmn and the dceper mmerahzauon of the
known gold- beanng polymelalhc deposit are requied

(3) Following explorations are recommended for the future campaigns.
* Remote-sensing data analysis and ground trath checking of the Samarsky Area
* Electric survey (charged potenhal methoad) in the Cu-Mo deposit, in order to defect subsurface
conductive bodies of copper-molybdenum deposits
* drilting surveys of the intrusives and the breccia pipes refated to the copper- molybdenum déposits
at shallower depth . I
* Seismic exploration (reflection wave method) to study geological structures at the vicinity of
gold-bearing polymetallic deposit : :
* drilling surveys of the southern extension and the deepesr mmerahzahon of the gold-bearing
polymetallic deposit. :
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Appendix 2 Assay Results of Samples from the Zhaman-Aibat Qre Deposit,

Pd

in

[ Serial [ Sample Au Ag Cu _
No. No. (g/1) (g/t) (V) V) (V)
BT 16 2.09 0. 01 0. 01
2 3 13 4.82 | <0.01 | <0.01
3 4 8 3.2 0.01 <0. 01
4 5 2.62 <0. 01 <0. 04
5 6 <0. 1 19 5.16 0.01 | <0.01
6 10 5 1.56 | <0.01 0. 01
7 13 22 1.28 0. 02 0. 01
8 14 80 8. 99 0.03 | <0.01
9 17 24 6.24 | <0.01 | <0.01
19 19 1 2.43 0. 05 <0. 01
1 21 <0. 1 26 5. 49 0.1 <0. 01
12 22 25 5.28 | <0.01 <0. 01
13 23 15 3.2 | 0.16 | «0.01
4 24 8 1. 62 1.4 <0. 01
15 23 14 .04 | 0.01 <0.01
16 30 4 .56 | <0.01 | <0.01
17 33 11 0.96 | <0.01 | <0.01
18 34 14 0.92 | <0.01 | 0.0l
19 35 8 142 | <000 | <0.01
20 36 <0. 1 <1 0.78 | w01 | <0.01
21 41 <0. 1 a 2.88 0.01 | <0.01
22 42 3 1.43 | <0.01 | <001
23 13 10 2. 49 0.26 | <0.01
24 44 10 2. 24 0.81 <0. 01
25 15 67 12.1 0.03 | <0.01
26 46 0.1 26 6.24 | <0.01 | <0.01
27 4T 24 6. 32 <0. 01 0.01
28 18 5 .43 0.13 | <0.01
29 49 13 3.8 0.04 | <0.01
30 50 17 4.02 <6. 91 0. 01




AppendIx 2  Assay Results of Samples from the Zhaman-Aibat Ore Deposilt,

{continued)
F_éér ial Sampie e Ag R Cu Fd 72_51
No. Yo. (/0 | (g7 'Y (V) (V)
! | <ot 2 0.25 | 0.38 | 0.01
i} 2 ( q 0.23 | <00l 0. 01
3 8 : 2 0.5 <0. 01 0. 01
4 9 2 0. 63 0. 06 0. 02
5 11 a1 1 <0. 0! <0.01 0.01
6 12 14 | ose | <001 0. 01
7 i5 1 0. 35 <0. 01 <0. 01
8 % <0. 1 2 0. 37 0.5 0. 07
9 18 2 0. 43 <0. 01 <0. 01
10 20 < 0.39 0. 09 0. 01
(" 25 <1 0.19 0. 02 <0. 01
12 26 0.1 « 0. 34 0.8 <0. 01
13 21 <1 0. 24 0. 04 <0. 01
t4 29 <1 0. 46 <0. 0! <0.01
l 15 31 <0. 1 2 0.59 <0. 01 <0. 01
) 16 32 298 0. 09 <0. 01 . 01
17 37 0. 07 0. 01 0. 16
18 38 0. 64 0. 01 0.3
19 39 0. 07 0. 06 0. 39
20 40 0.15 0.17 0. 07
L)
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