{1) False color composite inlage . _
False color composile intages are frade up of threé bands in combination setected from
seven TM bands: Composite iniages are as follows;
Red, Green, Blue: band 4, band 3, band 2.
_ - Red, Green, Blue: band 5, band 7, band |
{2) Color ratio composﬂe image

- A rationing technique between bands is useful to enhance specific ‘characteristics and

- also to reduce topographic: eff_ects. Specira ~of - clay " minerals ' (kdolinite;: " illite - and
| montmorillorite} have an absorption feature at a=ane]én‘g’th' of approximately 2.2 micto.m
that coincides with band 7 of TM. Iron oxide minerals have characteristic spectéa in bands
of 1,2;3 4and 7. Gén'e‘rall)’( spectra of iron minerals have weak reflections in band 1, and
strong seflections -in band 3. It is possible to delincate areas where ifon oxide ﬂﬁﬁe’rals
‘spread on the -surface by meaas of rationing between bands. Composite images ‘are as
follows,; Coee e PR -

 Red, Green, Blue: 5 / 7,574,371,

(3) Ratio image with density slice (5/7 and 4/3) .

“Specita of clay minerals have weak reflectance in band 7, and .s(mng reflectance in band $.
The. ratio 5/7 therefore has high values for clay minerafs- fesulting in-bright:tones on the
density slice which are a551gncd red and yellow colors signifying the highest ratio values.
Bui the ratio 4/3 also has high vatues for vegetation; weak reflectance in band 3, and
slrong reftectance in band 4. After comparing both ratio irages individually, it is possnble

to distinguish the clay dominant areas frons vegelalion.

3 Results of analysis
3-1 Results of Photogeological mtcrprctauon _

- Satellite image used for a photogeotogical mterpretatiod'is shown in Figure 11-3-1-1.
* 3-1-1 Characteistics of topography and water system (Pliate 1-4-1-1) ‘

“The target area was classified into three topographic categories of desert, low plane and
low hill. For the interpretation, the T.P.C. (1'500 000) map was refeired to when necessary.
“The results of photogeological miespretah(‘m are as below: o
(!) Desert{Du) _ o '

“The desert area is located at the north-westem  part of the Zhaman-Albat tatget arca. It
shows yellowish brown in ¢olos in the satellite image. (Colors described here are in the '
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satellite image formed by combination of bands 5.4 and 1, false color).: In the desent, dunes
developed by the effect of wind are especially distinct in the northem and southern parts in
the image. In some places vegetation was detected but water coursé are sare, -

(2) Low pfane LP)

- .The low plane is distributed in the area surrounding the desert. lts topographic ¢haracter
is. siﬁiilar'to that of desert and at’ some places it is covered by sand. The vegetation is
distinctive and: commonty includes "praya" indicatihg the difference from the desert. The
- developnient of "praya” shows the concentrated region of water courses whzch in this case
are run ofF channels from the hill region. ' '
© (3) Smooth hitl (SH)

-Smooth hill topography is spread widely and generally it corresponds to altitudes above
the desert or low plane. Water courses are developed in the hilly areas but disappear at their
- margins where water flows into the low planes, and "praya” disappear. Smooth hills show
- very smooth texture in the image.

(4) Middie hill (MH)

- The middle hill topography extends between the smooth hill and rough hill topography.
Its altitude is also between that of the smooth and rough hills. Due to the hard resistant
property of its rocks and the developing degree of the stralification it shows a rather rough
texture. In geological classification they correspond to units C, D and E.

5) Roug_h htll (RH)

Rough hili topography is located al the central part of the target area, and according to
the highly resistant nature of the formations it shows rough texture. It is found at high
altitudes and forms a watershed (water divide) wilh ‘water courses flowing to north and
south. Geologically, rough hill areas corréspond to the unit of the axial part of the anticline

" stiiclure.

3-12 Geology :
1) Stratigraphy (Plate 11-3-1-2)

By the photogeological analysis the geological classification (COrrespondmg {o
strat;graphy) of the target area was distinguished as 10’ geological units and subumts divided
and alphabetically named in ascending order. '

Referring to - published geologic maps (Geologic Map of Kazakhistan, USSR, Scale
'1:500,000. and others), these geological units - correspond to Carboniferous, Penmian,
Cretaceous and Quaternary systems. The Catboniferous syslem described in the maps was
not however distinguished in the satellite image.

— 4] —



The distinguished stratigraphic geological units are shown-in Plate [1-3-1-2 and ‘the
table 1.3-1-1 the mterpretahon chart is listed in Table [-3-1:1. The characterlstlcs of each
geological unit are as follows: '

{1) Geologic unit A
- The geologlc unit A i is characteristically shown by the color of dark blne in the satelllte

image (the color is- from the image of false color by band combination of 5 A and 1.:The

following description is in -the same image). It displays a seml-parallel pattern ‘of water
cousses has’ rough " texture, is- hlghly resistant ‘and has well developed “stratification. It
consisis of the lowest geologic unit in the target area. '
(2) Geologic unit B
. The. geologic unit B shows: similar charactensucs to unit A However, it has sparse
-drainage, smooth texture, medivm' resistant rocks and the degree of stratification distinguish
it from that of unit A. Unit B overlaps unit A, and it is possible to consider that-it is a
sub-unit of unit A. .
" Unit B occurs in areas surrounding unit A which are widespread in the central part by
the area. Unit B is also located in the norlh eastemn pan in an arrangement tike a fenster.
(3) Geologic unit C . '

- Unit C is characterized - by -its white color and arborescent’ drainage pattern, rough
texture, medium resistant rocks and very welt developed siratification. Tt's color varies. from
white to orange, hazy bluish grey and in some parts mozaik texture is: observed.- Unit C
overlays unit B discordantly, |
4 Geologlc unit D

UnitD is characterized by its color of yellow‘ Its inclination can be distinguished by its
color, and in steeply inclined parts it often shows the topography of cuesta..
~ (5) Geologic unit E |
Unit E shows dark blue color, rotigh texture, medium resistant rocks and in some places
is well stratificd. It’s hue is similar to that of unit A but in the combined image of bancls 1,
5, 4 they are clearly different from each other. Unit E is \wdely spread in the area.
(6) Geolog:c unit F '
o Unit ¥ was divided mto two sub-tnits: Lower sub-unit F1 has a- characteristic bluish

grey, color flat topography, smooth texture and low resistant rocks-and differs from the -

upper unit F2 which shows dark grey and medium resistant rocks. The ¢olor tones of both
units are rather heterogeneous in all parts of the image; but other characteristic (parameter)
are almost the sane. These units overlap in many places discordantly.

_4'2_
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(7) Geologic unit G _

Unit G is considered to correspond to Quatemary, and the results of the analyrwis indicate
the sub-unit of Q1,Q2 and Q3. Sub-units Q1 and Q2 are dnfferent types of Wmd—formmg
strata {dune) and the unit Q3 is "praya”.

2) Geologic sinucture ,

The most importam geolog:c slruclure in the area is the anuclmal slruclure located in the
centedl part. Its axis has a disection of east-north-cast and phmges to west-south-wesl.
Anticlinal ‘structure is asymmetric. with the south wing being more gently sloped than the
notth wing. The conlmunty of the axis in the east-northeast: dlrecllon is cut and shified by
cross faults with north to south strike {dltectlon) Another small anticlinal structure of
- almost paraltel axis was detected to the northeast of this anticline (P]atc [-4-1-1).

On the conlrary faults with meridional strike were detectéd and they often cut the
anticlinal structure descnbed above. ' _

Lincaments have no pamcu!ar dominant direction, but in lhe nonh—wesi part of thé arca

lineaments with no:th-easl dtrectlon dommate

Two mcomplele circular slructurcs were also detected in the westcm part of the area

(PLate 11-3-1-1).

3-2 Results of digital image ;)rocesSiuag : _ _

" The ?haman-Aibat area” contains straliform copper dep(’)sits:‘ related to Vwcékly “altered
sedimentary rocks. In an attempt to ldenul‘y this type of mmerahzau-jn a spectral analysis
was carried out with all band ‘data; The method involved gencrahon of color compOSIle
images and color dcnsnly slice maps in order to dustmgmsh alteration zones. The i lmages and

maps are composcd of spectral or ratios of spectral bands.-

3-2-1 Alteratién zone. _ . _ _

"A color ratio composite image (R_GB , 577,514, :3 11} is3sh0\$}n as exlfaéted
alteration zones in Figire ]]-3-2-1'. Three_processed'colcsr afe,a’s are asso_‘ciatéd with the
Zhaman-Aibat horst anticline; a blue atea spreads é_s a triangle-form to “thcrw_est of the horst,
a re@diéh putple area susrounds the horst in a s‘er_nijéircle, and the rest of the area is
yellowvish green. A processed blue area corresponds 1o geologic umits A and B, that
conejspo_nd to red sandstone in Carﬁohifetous. ‘The blue area identifics irdn oxide and iron
hydrdxid_e that coincides "'m'th the "red sandstorie”. Acct»rding- to 'the'_f‘aét that the red
sandston¢ contains *ofés,' the area of blue in the image is 2’ valid target in peripheral
sedimentary rocks in the survey area. The reddish puiple area ¢orresponds to geologic unit

()
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Q3, which is made up of Quaternary sediments surrounding the Zhaman-Aibat horst
anficline. Some of the reddish parts correspond to group of lakes which expand their areas

during summer. It is difficult to make a judgement on the existence of clay minerals in the

reddish area (band .7/5) without sufficient ground truth information. The yellowish green

area corresponds to geologic units F1; F2 and Ql, which are widely distributed in- the

survey area. Thesé rocks represent weathered layers of Quaternary and of Cretaceous age. It

is believed that the yellowish color reflects alteration minerals in the weathered iayer mixed
with clay minerals and iron oxides. The color has some variability in lighiness; F1
corresponds to the dark part, and QI to the bright part. _

:ln_ next year’s study it is necessary to do a spectral analysis of rocks and to make a

ground truth in geologic unils.

3-2-2 Digital images and a geologic unit

| Digitat images are shown in Figure I1-3-2-2 to 11-3-2-5. These images were compared 10

geologic vnits from photographic geology. The result is shown below. ‘
An alteration zone was extracted as a color ratio composite of blue. This distribution

corresponds 1o geologic units A and B. A simifar alteration and rock chasacter are inferred

in the geologic units C and D. Unit D shows a characteristic color of yellow in faise color

~ images (RGB; 432 and 571). But the geological horizon of € and D are younger than the

orc bearing horizon of red sandstone. Next year these units must be checked by ground

truth survéys.



- List of digital images arid-gé'oldgic unit

Geologic|Photo, RGB|False, RGB- |{False, RGB' |False, RGB |Pseudo, RGB|Pseudo, RGB
wnit™ | 641 16/7,0/4,8/1) 7432 o} STL | s | 43
Q3 |white - P|reddish: ' |white ‘white - | very low | very low

| | vietet | (brown) © f(brown) ||
Q2 [light- - |reddish- - e - -
gray violet
) j; gray yellowish- | - - - - -
| R green R B o
"F2  [dark gray|ycllowish- grayish- yellowish-| middle niddle
_ © lgreen - |ereen - [brown- e I
Pt |bluish- |yellowish- |grayish- - |yellowish:| middle | middle
gray _ green’ - |green ° |byown SR
> dark blue orange :-; grayish- |dark - “high | niddle
o (white) ‘Igreen 'fbﬂﬁn_“; SR
D |yellow |~ lyellow - fyellow | high piddle |
¢ |white  |pink  [grayish- | - “high | niddle
_ (white) brown |
B [bluc  |dark blue |grayish- |dark blue | high niddle
| (orange) yellow _
A |dark blue dark blue grayishi_f blue high widdle
yellow
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"PART III ANALYSIS OF PREVIOUS SURVEY DATA

1 The Zhaman-Aibat area
1-1 Location, aécéss and topography
1-1-1 Location and access

The - Zhaman-Albat area is located in the south-western part -of Central Kazakhslan
approxnmalely 180km s(}ulheast of Zhezkazgan ‘The geographic ¢oordinates of ‘the four
coners of the Zhaman-Aibat survey aréa are (in clockwnse direction) Point i 46°40° 10N /
68°41° 3 0"E Point 2 46°55" 3 O“N / 68°34 00"E Poml 3; 47° 06 00"N ! 69° 18 40"E,
Polnt 4! 46°50 40N / 69° 26’ 00"E (Flgure 1:3-1- 1. '

The area is access:bte by dnvmg 90km from 7 hezkazgan on an allweather road {the
Kzyl-Orda road) to the junctron of the Sarysu Rrver bndge and then driving  eastward for
about 90km on a gravel road to reach Zhaman-Aibat area via the vallage of Jetykonur,

1-1-2 "Topo'g'raph)‘r' '

"The’ survéy area is located on the” castem ﬂank of the Zhezkazgan-Sarysu depression
formed during’the Carbomferous age The area niay physrographycally be divided into tivo
umls reflecting underlymg geology. The first umt has relatively moderate relief, low hills
with relativé herghts 10-30m and absotute heighis ranging l‘rom 300 to 320m altitude. The
second unit is of hrgh relief in the center of the area, where the Zhaman-Aibat horst
anticline is formed. The relative’ helght difference between the 2 units is approxnmately
60-80m. The dramage in the area is parﬂy mtegrated due to the dry corttinental chmatlc

condition.

1-2 Previous geologlcal, gcochemrcal and geophys:cal surveys
“1-2-1 Previous geological surveys '

Systematic geological works started in the 1920s. The first geological map of the
Zhezkazgan-Ulsan - area was made and the Taskura deposn located Skm wes! of the
Zhaman-Aibat deposit, was discovered at thrs tinte. ' ' ' '

' Kanysh L. Satpaev paid spec{al Attention o issues of metallogeny, strangraphy of the
Zhezkazgan Area. The works resulted in commercial estimation of the Zhezkazgan area in
the 1930s and this area was reoogmzed as one of the most important ‘mining areas in
Kazakhstan. In the 1940s several important exploration works were done by regular
geoIOgloa] mappmg ‘methods. In 1953 the Taskura deposrt was explored with drillings
which confirmed the rich mineralization located close to the surface. Since 1959, the



Zhezkazgan: Expedition Party has carried dn_l':ex;}lonitioh‘ drilling works for ét}p"pcf deposits
in the territory of the Zhezkazgan-Sarysu depression. During 1959-1964, the exploration

parties dritled in the Zhaman-Aibat area and confinmied copper. mmerahzatlon al the deplh of |
400-700m beneath the surface. Its thickness was estimated as 0.4-1 Om wnh copper grade of |

L16-1. 30%

Essenlta! explorahon l‘or copper was camed out dunng i981 1984 by the Lhezkazgan

Expedmon Party on the eastern flank of the Zhezkazgan Sarysu depressmn The works
esulted in the detcctlon of commermal grade copper. and ‘copper-lead mmerahzatmn at the
dcplh of 615m-700m. Dnllmg slausttcs from 1981 10 1994 are summanzec! in Tab]e
HI- i-2 1 and the previous geologxcal works’ are shown in Plate ll[ 1-2-1. .

Accordmg to Ihe drilling s!atlstlcs smce 1931 a total of 934 holcs haVe been dnlled
with a total dnl]mg length  of 619466 3m Of the 934 holes a total of 808 were for

exptoration purposes and l26 holes were drilled wnh large diameter and short length for.

sampling. These drillings are dividéd into five groups on the basis of exploration stages and
corselate to lhe followmg ore feserve Calegones That is, drilling for over all prospcctmg is
correlated to Pl and P2 categones Dnilmg for delalled prospecting, prellmmazy estimation
and prehmmary survey, are correlated 1o Gy, Gy, A and/or B categones rcspeclwely Beside
‘ these dnllmg for prospeclmg 1s categonzcd to be a kind of scout dnllmg in the ordlnary
exploral:on strategy. : ; . :
Of the 803 holes dnlled for exploratwn purposes 416 have penctrated the main ore honzon
4-1 and 146 holes conﬁnned the. other mmerahzed honzons Thus the total numbers of
driflings which penelraled mmerallzed honzons amount to 562 holes .

Final core diameter of each exploration drilling is 59mm and all minérali?ed cores have
been used for various kinds of chemical assay and melalloglcai testing. Only small pieces of

minesalized core of cach dril hole have been relamed as preserved samp]es

~2 2 Prewous geochemlcal surveys

 The ml‘omlahon on previous geochem:cal studies of the Zhaman-mbat area are gwcn in. -

Table INI- _-2 6 and the schematic map (PIa{e 1H-1-2- 2). Geochemisly of the area has been
syslemallcally sludled by &hezkazgan geologlcal expedlllon since 1981. 7 _
The geochemlcal SUIVEYS were done with the objective of discovering sccondary haToes
of the dlspersmn . o
Gcoohemtcai suweys (1981 to 1984 and 1937 to 1990) have resulted in delmealmg
mono element and complex haloes of scattenng of chcmlcal elements, fonmmg 4 big halo

_'58_
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areas, namety Taskura, Zhaman-Albat, Azat and Zhatyka.

The Taskura area {Cu is up to 0.8%,Ag is up to 0.0004%, Pb is up o 0 025%,Ba is up
to 8%) in its south-eastern pm exactly coincides with the Taskura copper depos:l localized
in thc Kengir sediment. Its nonh-weslem pan is probably shaped as scatlenng flow.” “The
Zhaman-Atbat area (Cu is up to 003% Ag is up 1o 0. 00015% Ba is up 10 0.2%, Pb i is'up
to 0.005%) is associated with the south-westem flank of Zhaman-Aibat dcposlt, however it
is niot d'ir’ec"tlly éésoi:iatéd with déépiy OCcufﬁtlg mineralization (it is possible ‘that haloes

were: mjectcd from undemealh along - the zone of sub-lahmdmal faulis, supposed to be

located here). The Azat halo zone is confined to the central pan of the Azat anticline. The
set of elements of this halo is different from that of the Taskura and Zhaman- Aibat haloes
(Ba s up to 5%, Sr is up to 0.02%; Pb is up to 0.01%, étc). '}lo‘;veirer it could be
characterized as a zone above ore and at least one prospectmg well IS recommended to be
diilled within the hmllS of this zone. The Zhatyka halo area (Ba is up to 1.5%, Ma is up to

0.6%, As is up to 0.008%) is not considered to be prospective for copper mineralization.

Table MI-1-2-6 List of the Prevmus Geochemical Surveys in the Zhaman-Anbat Area

lndex Olganlzatlon - | Survey year Scale f
. - Netw01k (n)
1 AGPhE Stroiteleva A 1954 1:200, 000 -
2| DGPhE, Skalskii B, 1959 1:50,000'
3 'DGPhE Skalskii N. 1960 - 1:50, 000
N = ~ 500x50
4 | DGPHE, Stefankevich Z. . 1961 1:50, 000
R ' N - _ . 500x50
5 ‘DGRE, Schuvatov T : 1981-1934 1:50, 000
T o . 500x50
6 DGRE, Scheripov A, 1987-1990 - | ~ 1:50,000
: 500x190

o BGPhE‘Zhezkazgan Geophysical Exploration Expedition
DGRE-Zhezkazgan Geological Exploration Expedition
AGPhE-Atasu Geophysical Expedition

1-2-3 Prewous geophysical surveys
The informalion on previous geophysical studies of the Zhaman-Alba% area are given in
the schemallc map (Plate H1-1-2-2). :
Geophysncal studies of the area have been camried out since the 1950's. Aenal magnenc
surveys have been compleled here in 1955 to 1960 at the scale of I: 50 000 (Table 11-1-2-2,

Report 3) and 1:100,000 (Table 11[-1-2-2, Report . 5). They have resulted in a general

_60_
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understanding of the magnenc field in the area, and have assisted in cvaluating prospects of
finding iron ore connected with ultrabasite bodies along deep seated faults.

- The first ground survey was carried out by the Atasu BExpedition (1954) in a small area
{6km?), located .in the western part- of the ‘area. The survey -utilized electric methods
(Electrical  profiling, VES; etc) and was targetted at. prospecting for underground water.
However; no positive results- were oblained. A 1:200,000 scale gravily survey was carried
out b},' Zhezkazgan Geophysical Expedition in 1957 (Table §11-1-2-3, Report 3). R spotted a
large positive anomaly in‘ the Zhaman-Aibat area. There were however no ‘geological
interpretations given at that tihe. A 1:200,000 scale gravity survey was made in the eastemn
part of the area in 1967 (Table 11-1-2-3, Report ' 9), in combination with- VES eélectric
surveys, in order to account for the influence of loose formations (Table 1i1-1-2:4 Reports ).

- Geophysical SUWGYS at 1:50,000 scale were canied out by the Zhezkazgan Geophysical
Expedmon in 1959 to 1960 ‘within the Zhaman-Aibal area. These surveys inctuded gravity
(Table II-1-2-3, Repost - 4), magneuc (Table Hi-1-2-2, Report 6), clectric sucvey of VES
method (Table -1-2-4; Report 2 and 3) and geochemical surveys. This work resulted in
delineating Zhaman-Aibat anticlinal structure (based on gravity and magnetic suivey), and
was handed over to the Zhezkazgan Geological Survey Expedition for further provmg of

ZHhezkazgan type copper mineralization by drilling. Test drilling of that structure was carried

out in 1962 to 1964. Drilling -however did not fully penetrate the stnicture {4-drillings,
1925m). That work resulted in detennining 0:4-1m intervals, by the drillings No. ¥-3; ¥-4
and Y-26, at the depths of 400-700m in grey sandstone within the productive rock muass,

with the content of copper 0.4-1,16%. However the authors concluded a negative assessment

of  copper in the studied area, Between 1964 and 1974, the: Zhezkazgan depression was
systematically studied by seismic survey MOV(Seismic - reflection), in order to study the

- structure of the Upper Paleozoic rock masses and to delineate prospective for ol and gas

stiugtutes. The south-eastern Rank of the depression has been studied by a network of lines,

with the spacing of 4 to 8km and al some spots using a spacing of 2km and léss. ‘At the
same time, in order to assist the interpretation of the seismic_survey, a 1:50,000 gravity
survey was canied out in part of the area The results of completed seismic survey in the
form of maps of isodepth of reflecting horizons have shown the increase in thickness of
Carboniferous scdiment in the eastern part of Zhezkazgan-Sarysu depression close to the
flanks (Taskura-Tasbulack trough). A number of anliclinal structures has been delineated

which are prospective for oil and gaé Seismic surveys also allowed more detailed

detineation of the Zhaman-Aibat anticline structure and the depth of the bottom of
sediments, productive for copper have also been estimated.



Based on analysis of both geophysical and geological data collected By the Zhé_zkaz:gz‘in
Geotogical Prospecting Expedition in 1980, a program of study and prospecting for copper
al Zhezkazgan-Sarysu depression’ was formulated. The Zhaman-'.iiibat anticline stru¢ture was
inicluded as a first priority structure, it was first found in 1959 by géophysical survey, and
later confirmed by geotogical - studies. ‘In compliance With . that ‘program- 1:50,000 - scale
géOphysiéal :sﬁweys were cafried out in the area of the Zhaman-Aibat staucture from 1981
fo 1984 and from 1987 10 1990. Susveys inclided gravity (Table 1-1-2-3, Repott 10 and
1), magnelic ‘(Table N1-1-2-2, Report 9. and. 10), electric of - VES, P "and ZSB(TEM)
“methods (Table 11I-1-2-4, Repoit 6 and 3), geochemlcai and ‘shallow scout drilling." From
1983 to. 1986, and 1990 1o 1992 detailed seismic MOGT(CDP) surveys (Table 111:1-2-5,
‘Report 2)- were: ¢onducted in combination .with eleclric surveys of -ZSB(TEM) (Table
111-1:2-5, Repori 7) with line spacing:of 0.8 to 2km. Results of these surveys, made it
possible to compile uniform myaps of geophysical and geochemical fields covering the ‘entire
 described area at the scales of 1:50,000 (split in pages) and 1:100,000 (ptan wiew) and to
obtain valuable information on the deep structure of the territory; the structural position of
the Zhamau-mbat deposn and - possible directions of fusther prOspectmg and exploralmn
work. R L . R

Borehole logging has been’ widely applied in the process of prospecting ‘with the
following . objectives: to- classify the  cross . section':-1ithologically,' to sélect intervals  of
mineratization and to estimate their thickness (IP, gamma ray) and to estimate the content of
“minerals (Roengeno-radiometric logging). - '

~Seismic surveys have been the pnnﬂpal source of useful: mfomlatlon (Plate 11-1-2-3).
‘Results of gravily surveys and othér geophysical methods (determining position of faults

and structures of different .importance, delineating zones -with inténsive hypergenic and

hydrothermal alteration of rocks, etc) supported - the “seismic surveys -in achieving these’

objeclives. .

. Three large. anticline structures with sub-latitudinal orientation have been found in the
- described territory by. geophysical methods (Zhaman-Aibat, Kulen and Zhatyktau); the
biggest and most interésting one from; the prospecting point of view,. is the Zhaman-Aibat
- strucfure. - S P : _ |

" The Z_hama.n‘Aiba{‘an(icline-struclure is shown as-a structural nose i the: 1:200,000
scale geological map. A number of local- positive gravily anomalios with 1 to' 2 mgls
amplitude as well as uplifis of the R2, R2’, Rs horizon® depth contours, outlining posilions
of subsidiary anticlines (Azal,’ Zhaman-Aibat) have been  delincated within the huge
structure. | '



uolpadi untinardyg mOITI0D NVOZVIZIHZ = FU00
WAHPIXT onriopEXg [EISANIODS NYORVYHZIHZ ~HudOU

- (5044, (EeAydodny ey = LON IS IRnelydeds wInsig = LO7
00x008 £02-4Hn W
uentpedx T vorresoldxx mrioean NVOZYHZIHZ - 3U0d £ /4]  000°05:1 Asauns puno.gl 0g-1F6L T Y A0d1Jayng "Jysg: §1
voIUpad vonRsofdx TIMALdOSS NYOZWIZIHZ 30400 _0eR00S (Ge-YNN [
. 4 0ng- 0 SY-ANS ] . 9 =/t oo.cla-o.m.:# A9AINS PUNCIH 436 ) CloAoieands '3yngl 6
5006 -/4 00045 ANZOING 0661-4001 | v aedisoyzs'Iyng i |1 Gix005 [ ~SHR ﬁ
- LN T $l-11 =741 00005k |- Aemins punoJn 87-9)61; s _teboy '3yng; ) ]
170 ~/+ $00 G [ TN/YD ¥R61-1961 TL o AOLBANYSSG ‘3UGG T 0L G5x005 . P ] ﬁ
IV ER B B A3 VL P . . S Fl-11 -/+ Q00051 ASains punosg 096!t TN MINSIENS 'IU450) 9
910 -/+% 000 06t Ld=3¥9 yl61-ELB1 ‘3 uedoy '3ung £ I GF-DSY "§I-NOSY
e LI . . S7 =/t 060700111 | g -diyoubewssoyl Q961 L_hvexsedieginy| ¢
2870 =/ 000007 1 | td-%¥D L9611 SA_AOUOIUY '3UgaQ - . T e01x008 Z-N  Aeaung
o L SET0%G 0 - RS : _ 7 L6 -/ 0000501 srasubewossy! |66 | 7 utAeyueslsIualgl ¥
00 =/+ 000051 LRI A 1961 Yo IABYUELEIS 344001 9 BY-H3Y A9ANg -
. . LT Nr-iyo S R Q€ /41 000-2006:1 srieuleucsay) 5661 T eaciefaez 107| §
A N A 00008 1 | WE-¥¥H 0861 'N_TIABI NS 4400 | § . 000X 000¢
S R ELN) TAFRYO _ : : 002%0001- Z-4 Aoaung
120 «/+ 0004551 RE-XYD 5561 CNCEIAsTeNs tANg0g | ¢ Sh=0% =/+f 000°002:1 siieybewoisy|  $861 T BAR (9110438 IUL0Y) T |
ixXP o ] . : ” ] Gy-N3Y Asaing |
0570 -/4 0000024 £=NS 1661 - Y ARLNNSOT INgHg | £ 62 -/+) CDO'D0ICL orytwbewolay 7561 cHouryny oz |
[ EELLE) (Wi)HIoM1uN. . E 1284 | _ Y ECYERL-EETH
ADRINIDY | 01908 CARLBWEAL G AGAING uorigzruebip _oz_ [ ASRJIMDDY _ o |R2S v Wo3isSAS reah uotieziuebiQ oN |
) BRIy JeqQry-ustaey7 oyl Ul ) o
sAoAINg AIARIO SOOI 31 JO 18T BAIY 1BQry-UBWEYZ SUt Ul AoAIng dRIUBeN Snomsld  Z-Z-1~IIJ 9198l

€217 91qe)

]



Stj’(il
[T} #\!
[7] -ﬁi\
53-92) x

nw.._ 34

Gf
§L<l5¢

it
—LFhiF
i

TR

3=on _

T oL=RE

vorupadxy votresopdyy rexSopdn Z(Q.N(.vﬁ.wxn = 340a
notpadxy vonemondxy jesAudosd NVDZVIZIHZ ~3Vd00

wonypadics (eaisiydodn aReny ~Judow .ZE.H rexsigdodn wiaystm = 1
] G gmeovds N3]
L2 . ob.ol.rﬂ. Lol Z=373A0 | 8861 >on_..ozqm.w.u.u|a g
. C=teowt) ‘K3 -
5.2 i 000081 _1 233949 98B LIN ¥a0V/ 1S ‘IYIG 4
371eBY '50 'Gme 'dliusipeJg £9-5dA
L xeu-gy m OX1*LX1"83A L Tl AolmAnyDS
2% 00000828 | - Zl-3¥ 861 “349¢ S |
G~ l=gy Zeozeds ‘g3p | . o - A ACUOLUY
g xed 200°00%-3 J=%83 1961 ud0g S
S BXYS3A | - 2 gv;ox:a.—oaw
9% xew 000602} 1=3%3 1561 “34424 h
. . R . L Xewagy (X7 XY $3A . U IEECIRET
© uonpadied vorreotdy s e Foiood NYOZYNZIHZ « 30U g xew 00000251 | - V-d3 0961 cCE LT £
: sorpadxa sonzodxs TEnsivdedd sy o AZEME ~F4d Yol=8Y "IXLIRG S3A | DEEEERAEE]
T JUl0g qi1e8Q. Uowws) u . o - S_Xxvw 0070013t 1-d3 65611 “Judd tA
Joon_ ~T661-0661 -2 w : dUSIN [T m .
( poylou :o_nuo:f o.._» ) ' 4 S oa:_r_um BULADR ‘dS ¥ eASioliQ41G) &)
AON__ 3.3 -6l I i S-£ 00000121 i-d3 6l TINIOY I
BRI {wyy xdomsoN ON
SIVOWRJISL] 1G04 Uoi118Z IURS)D "ON ADEJNDDY LILE _ IURWS INDY| Je0) wo1leZIued.ig | Xoput |
dohdw u.ﬂn.auﬁmﬁdﬁ o.ﬁ ut eIy Jeqly-uewrey7 @ Ul

mhotnm SRUSIS STOUSIE SR mo EA m.m. .H uBﬂ..

sASAIG [eDL00RIT STOAIG 9 JO YT #-Z-1-III 219RL

_64_



Three more focal anticline domes (western, Taskura, Ceniral and eastern’ ones) are

delineated within the Zhaman-Aibat anticline, associated with the Zhaman-Aibat deposit.
Based on both analysis of geophysical mapé and the locations ‘of discovered ere deposits

in the Zhaman-Aibat field and separate ore boreholes to the west, it has been concluded,

 that ore bodies and mineralization zones are tocated mostly on the flanks of local anticline

structures and somehow "frame™ them. This finding has made it possible to locate probable
positions of ore zones not yet penctrated or delincated by drifling within Zhaman-Aibat and
Azat structures and to place prospecting and exploration wells accordingly.

A 1:50,000 scale magnetic map nizkes it possible to conclude, that characteristics of the

:.magn'c'tic field are determined mostly by lithological irregularities in the ciystalline

basement.. Quite inténsive positive anomalies have been delineated in the eastern flank Zone
of the area, that"are associated with magnetite-containing - sandstone  of - Tasukuduk
Formation. The rocks of this Formation however, do not cause any considerable anomaly in
the Zhaman-Aibat deposit area, because they occur at considerable depths and laboratory
measurements did not show any appreciable increase in magnetic susceptibit'ily:of the
samples. : -

Based on analysis of the éleclri_c sucvey of TEM(Plate 111-1-2-4) data together with
gravity survey data, the Kazybek area has been delineated on the south-eastern flank of the

Zhaman-Aibat deposit (9km?), where 6 wells are recommended to be drilled.

1-2-2  Current situation . . .
In order to complete the 200m x 200m grid drilling pattern, core drilling by 4 rigs is
being camried out in the Zhaman-Aibat area (January 1995). Due to the changes in economic

conditions, no other geologicat and geophysical surveys or exploration are programmed.

1-3 Geology and mineralization
1-3-1  Geology - :

The ~Zhaman-Aibat copper deposit  is located at the eastern edge of the
Zhezkazgan-Sarysu depression. - The stratiform copper mineratization occurs exclusively in
the gray-color alluvial-deltaic sandstone facies within "Red Sandstone Formation” that
ranges in age from the middle to late Carboniferous and the early Pemian.: The absence of
igneous and intrusive activities and ‘significant thickness of sediments are characteristics of

the geology of the area.



1-3-1-1 . Stratigraphy
1) Paleozoic group (P2) -
(1) Carboniferous system (C)
Sediment of Carboniferous systent are widely distributed wﬂhm the survey area,
Carbonate .and ‘terrigenous compleéx -6f marine sediment is included in the lower series and
the complex of various ac)cﬁmulalions of continental origin in the middle and upper series.-
Serpukhov Stage (Cis) ,
Detsitus and pehtomorphlc limestone, red sandstone and aleurolite’ with - mlerlayers of

grey, green-grey and dark grey sandstone and. aleurofite dominate in the upper part of the
rock -miass. The number of tersigenous. rocks ' decreases at lower lévels where there are
~intestayers- of pehlomorphlc and organogenic clastic limestone in the horizons of calcaréous
aleurolite comammg sphencal concretlons Total thickness is approxlmaleiy 750m. -
Taskuduk Formation (Cats) _ : . '
 Sedinients of the Taskuduk Formation are deposﬂed conformably on- sediments of the

Serpukhov‘Fonnauon and are oveitaid (with'washout) by the rocks of the Zhezkazgan
Formation. They are outcropping at the anticlinal ‘stucture (Plate HI-1-3-1 and Plate
1i{-1:3.2). The ;upper border at - the ‘Zhezkazgan Formation goes along the horizon of
interformational c':onglomeréte. and the lower border‘,:"along’ the roof of limestone with fauna
(Figure lll-l-;.l-l). The Taskuduk Formation is formed by'unifonn red - sandstone and
aleurolite with intertayers of brown and grey sandstone and with one harizon of flint, It
confirms the erosion or overlaying that took place in the course of sedimentation. The
| commercial - grade copper mineralization is confined to grey-colored - sediment of the
Taskuduk Formation. : . . .
“According to data of drilling the thickness of sediment varies widely - (Figure 11l- £-3-2).
The thickness of the Taskuduk Formation at the Zhaman-Aibat horst anticline increases
from the west 1o the cast from 70m to 600m and more. The thickness of the Formation
gradually increases in the northem, southern and southeastern directions, where the
thickness of the Formation reaches:1000m. The decrease and complete. disappearance of
.grey sandstone with the increase of its thickness are characteristics of the cross section of
the Taskuduk Formation . - '
Zhezkazgan Fo,rmatio.n (C:-3dz)

The rocks of the Zhezkazgan Formation are widely distributed in the survey ‘area,
outcropping at the eastern flank of the depression -at the core of the anticlinal structures
-'(Plate HI-1-3-1). At the area of the deposit these sediments are penetrated by drillings to
the depth of 400-500m and outcrop in the eastern part of the Zhaman-Aibat horst
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anticline. The upper border is conventionally delineated along the roof of grey fine-grained
sandstone. ' '
Sediment of the Formation are represented by red, obliquely laminated sandstone,

aleurolite and grey sandstone; rarely aleurolife with interformational conglomerate with

‘interlayers of sedimentary breccia and intetformational conglomerate (Raimundo) at the

bottom (Plate 11I-1-3-3 and Plate 111-1-3-4), _
The increase of thickness of grey sandstorie at the bottom of the Zhezkazgan Fonnation
is typical for the ¢ross section of the Fémlaticn at the Zhaman-Aibat deposit;. where

commercial grades of copper, lead and zinc were delectcd as a resutt of prospcclmg (Figure

-1-3-2),

. The. thxcknéss‘*of -sediment of the Formation varies in the ‘same directions as ' the
thickness of the Taskuduk Formation, clearly detecting irregularity or warping and
difference in the speed of sedimentation. The thickness of the Zhezkazgan Formation at the
Zhaman-Aibat deposit is 150-300m. '
(2) Permian sjslenl @)

Sediment of Il_ie Zhidelisai and the Kengir Formations with  terrigenous ~and

~ terrigenous-casbonate compositions, ‘respectively, are defined within the Permian system

(Plate TH1-1-3-1).
Zhidelisai Formation (P1zd) -

The sediments of the Zhidelisai Formation are widely distributed in the area and form

~ the core and wings of anticlinal structures (Plate 111-1-3-1). Théy ate represeated by uniform

rock masses of red aleurolite, argillite, sandstone, similar to rocks of the Zhezkazgan
Formation.  Regular decrease of grain size from the top downwards is noticed. Among
propertics of rocks, it is impossible to observe 'the presence ‘of diffusive flakes  of
ferrugenous mica, veins and interayers of gypsum and, in depressions, thick salt bearing
sediment were observed 'in the south-western part of the survey area The thickness of
sediment is 400-550m.

Kengir Formation (P1-2kn)

Sediment of the Kengir Formation are widely spread throughout the atea. They are
deposited conformably on sediment of the Zhidelisai Formation and are unconformably

- overlaid_ by Mesozoic-Cenozoic sediment. The rock mass is represented mainly by marl,

limy aleurolite, sandstone with rare occursences of oolilic limestone and argillite. Rocks are
characterized by the presence of rhombic nests and veins of gypsum and calcite. The
thickness of sediment exceeds 1000m,
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2) Mesozoic group (Mz)
(1) Crelaceeus' system (K)
_Taskura Formation {Kats) - _ .
_ Sediment of the Upper Crétaceous afe deposited at the sharp unconl‘omuly angle on the

\vashed out surface of more ancient formations ‘and are overlapped by the Cenozeic

- sediment of various ages (Plate 11I-1-3:1). They are represented by altemation of grey and

green opoka-like ateurolite, clays, inequigranular sandstone, conglomerate and marl.: |
The thickness of sediment does not exceed 100m. )

Karakoin Formation(Kakr)

Sediment - of the Karakoin Formation are deposited unconformably on thosé of the
Taskura Formation and are unconformably -ovértaid by the Cenozoic sediment- ('Plale.
1i-1-3-1). . o |
Pebble to granule size conglomerate are observed at the bottom and altemation of eolian
and speckled clay correspond to the middle and the upper. - ' '
3) Cenozoic group {(Kz).

(1) Paleogene system (P) - _

The Paleocene-Focene sediment (P1-2) overlay the Paleozoic and the Mesozoic formalion
of different ages aﬁd are represented by lenticular interbedded clay of various :colofs,
aleurolite, sandstone with  separate lenses of quartz-like sandstone. The thickness ‘of
sediment is 20-30m and reaches 120m in depressions.

Beipak‘dalm Formation, (P3bt) :
Sediment of the Bétpakdalin Formation of the Oligocese age are Widely. distributed in

the survey area and are represented by red, red-brown, brown and green clay with gypsum
and manganese - oxide with interlayers of aleurolite of brown color and clayey sand. The
thickness of the sediment is 1-40m. .
(2) Quatemary system (Q) _
Quaternary system is répresented by formations of various genetic types.
The composition: _
@Middle-Upper-Quaternary (Qu- m) ¢olian sand and aleurohle with admixture of
gravel;
' L®Uppcr-Quatemary Contemporary {Qui-1v) proluvmm deluvium loam clayey
:sand, gravel; : ' ‘
@Contcmporary Qiv) "lakyr"-sals;ﬁes clay, aleurite.
Total thickness does not exceed 10m.
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1:3:1:2 -Tectonic Structure - -
~ The survey area covers the zone of intersection of the Chu-1li anticlinorium with the

| ¢astern 'edge of the Zhezkazgan-Sarysu depression (Plate 1-3-2-1). The Chu-lli anticlinorium

is represented by a linear-stretched folded stiucture, subsiding to the south-west unider the
cover of sedimentary focks, which form the Zhezkazgan-Sarysu depression. The border
between these two structures goes along the Bek;':i deep fault. According to the character of
folding and composition of fo’nﬁations, 4 stages ace defined within the. structuse; Early
Paleozoic geosyncling stage, Devonian orogenic stage, Carboniferous-Permian subplatform
stage and Mesozoic-Cenozoi¢ stage.

-The early Paleozoic geosyncline structoral stage is ‘represented by sediment of the

* Vendian-Cambrian and the middle to upper Ordovician, which are folded into narrow lincar

folds in thi¢ northwestern direction. Folds are complicated by ruptuted dislocations (faults).
Sediment of ‘this - stractural “stage with - shacp wnconformity are- overlaid by - ofogenic
formation. Devénian orogenic structural  stage includes the volcanogenic rock mass of the
lower to middle Devonian. This rock mass is composed of rathér large overlaid anticlinal

structures. Catboniferous-Permian- subplatform stage is formed by temigenous carbonate

‘rocks” of the: upper Paleozoic. These sediment are- the: most widely spread and they

participate -in the formation of - the Zhezkazgan-Sarysu dépression. The sub-latitudinal

antictinal structures are developed on the eastern flank of the Taskura-Tasbulak trough,

which have the shape of a nose structure (Zhaman:Aibat etc.). The absence of intrusive

activity. and significant thickness of 's‘edi_men't are typical for this structural stage (Plate
N-1-3:1). - | |
Upper - (Mesozoic-Cenozoic) structural stage is formed by gently pitching, mainly

teragenous focks of ‘marine and ‘continental origin, ‘classified as Jurassic, Cretacious,

~ Paleogene and Quaternary period with a Mesozoic crust of erosion at the bottom. Sediment

of Mesozoi¢-Cenozoic are referred to typically as platform formations.

. 'The structure of the aréa is determinied by faults of northwestern and sub-longitudinal
strike. The faults of northwestern strike are the most ancient Caledonian ones. The Bekei
deep seated fault, separating the Chu-lli anticlinotium - from *the . Zhezkazgan-Sarysu
depression, is a typical representative of this type. Faults of sub-latitudinal strike are referred
to the other type of di's_loéali()ns.- They have younger age, cut faults of the first direction and
control and determine ‘orientation of local folded structures.. They are classified as
upthrusts-overtaps and have steep dislocators.
1-3-1-3 Magmatism

Intrusive activities are known only in the eastern part of the survey area, where they are



sepresented by the mlddle—Devoman subvolcamc liparite, -quartz -porphyry” and: porphyntc

(Plate 1-1-3- 1)

1-3-2 Mineralization . . - R S
1-3-2-1 Lithological propemes of ore containing format:ons
Serpukhov Stage (Cns)

Rocks are represented mainly by terrigenous grey: and ted sandstone, - aleurolite, argillite,

organogenic; detrital and clayey sandstone with fauna of brachiopod, pelécypod, rarely with
corals (Appendix 1). The rock masses have not been studied paleontologically so the upper
part of the boundary is defined conventionally based on the absence or presence of sttatum
of organogenic limestone. , - i

Ta_s}mduk Fomation (Czis) T T S NPy

~ Scdiments of the 'l‘askuduk Formation are represented by interbedded terrigenous rocks,

formed under conditions of coastal and'alluwal plains. They are represented by red and grey
fine-geained . sandstone,. aleurolite {(Appendix 1). Interlayers of c’cnglon’i’erat_t‘," with: partly

rounded gravels of red rock and carbonate inclusions often oceur. Cement is represented by |

brown, rarely by fine-grained: sandstone. Sediment of the Taskuduk Formation have not

been age-determined paleontologically. The thickness of the fonmation is not  constant. At
| the axial part at the west of the horst anlicline, it decreases to 60-70m. At the east, niorthem
wing and southern part it in¢reases o 480-540m and more. '
Zhezkazgan Formation (Cadz) ‘

Sediments of both the ?hezkazgan and the Taskuduk Fommations are represented by

rhythmical interbedding. of terigenous rocks formed under the condition of alluvial plain.
There are hthOIOglcal types of rocks of river bed-represented by residual gravel, river sandy

¢rust, tésulling - from intensive freshet at the bottom of sediments of the Zhezkazgan
Formation. Such sediment in the survey area of the Zhaman-Aibat deposit is typical only for

the first thythmical -sedimentation. Their total. thickness i$ equal.to dozens of metres. The
upper rthythmical Sedimenlali(‘)n ‘according to their intemal structure, variation of thickness
and composition, ate similar to sediment ‘of the Taskiuduk Formation. '

In general, rocks of-the Zhezkazgan Fonnation - are representcd by ‘red and grey
-~ sandstone, aleurolite, very farély by conglomerate (Appendm 1). The lower boundaty of the
formation goes albng the. soil of greéy sandstone with the interlayer of interformational
{"Raimundo™) conglomerate. The upper boundary is determined mostly based on lithology,
according to the first occurrence of grcy-colorod rock slratum in the thickest part of the
deposit. The thickness of sediment of the Zhezkazgan Formation in the area of the deposit is
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180-240m, on the flanks it is estimated to be 300m and more. -
Zhidelisai Formation (P1zd) .
Sediment of the Zhidelisai Formation are everywhere represented by obliquely laminated

red aleurolite and sandstone ‘with intedayers of brown (grey-red) fine-grained sandstone
(appendix 1). The presence of gypsum and anhydrite is typical ‘for the entire cross seétion
and rock salt is present at the flanks of the structure (at the southern and western parts). The
presénce'of”roék.sialt, anhydrite and gypsum among red rocks of the Zhidelisai Formation
makes it possible to include it in the evaporite complex of rocks, formed under conditions
of hot climate at flood plain and lake faces. The thickness of sediment at the westemn flank
is approximately :300m. Al the northem flank it is estimated to be $40m and more.

Kengir Formation (Pi-skn) '

. Sediments of the Kengir Formation are outcropping only at the weslemn part- of - the
steucture and are penetrated by a aumber of prospecting drillings. They'arc represented by
grey and dark: grey marts, oolitic horizontal-layered limestone. Large amounts of gypsum at
the lower part of the cross section of the formation is typical. The copper deposit in the
Taskura is represented both ‘by oxidized -and sulphide ores and occurs locally in the
sediment of the Kengir Formation. '

1-3-2-2  Lithofacies characteristics and ore stratigraphy. _

It is possible to consider that lithological composition of the Perntian-Carboniferous red
sediment-and petrography of rocks of the Zhaman-Aibat area do not greatly differ from that
of the Zhezkazgan area formations. However, lithologicat variations in the cross section,
their relations, the nature of rhythm of sediment and character of the sediment, have some
peculiarilies. :

The geological studies have shown that sediment of the upper part of the Taskuduk and
the fower part of thé-Z_heikazQ’an Formation have distinet rhythniic structure of alfuvial
nature.- Cyclothem of alluvial type are characlerized by complete and stable composition.
Elements-faces within cyclothem consequently change from: cohrée-grained size via sandy
river bed ones to clayey flood plain ones. Lithological grain differences are characterized by
large scale cross-bedding. )

The majorily of sedimenis at faces zone of a lacustrine-alluvial plain have been
accumulated under conditions of subaeration. Climatic conditions of sedimentation are
characterized by high aridity. Rocks with high carbonate content are characterized by
significant predominance of oxidized iron over ferrous iron, explaining the red color of
rocks. Sandstone is often grey in color. The total iron content in grey sandsione (2%) is half -
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of that in their red colored anatogues (4%) and clayey variations (4 and more %). Green nm
of greying is observed at contacts of grey sandstone and red aleuro-argillite, confirming the
s‘,e'cbndary character of grey. color of sandstone. '

- Subaqueous lithofacies are spatially- linked to lacustririe-alluvial faces subzorie-and are
developed within cross sections of both the Zhezkazgan and the Taskuduk Formations
(Fagurc'll[—l-fi_-z_).' They form comparatively large and -compound-formed lenses'in’ the
¢entral part’ of the area. At the eastem flank the lens¢ has maximum v'énical"range and
direcily adjoins grey- sediments of the Serpukhov Fb’nnation’.i To the west it shills upwards
atong thé cross section, coven‘ng only the lower part of the Zhezkazgan Fomation. The plan
“view of the lense of subaqueous lithofacies shows that it is siretched along the axis of the
Zhaman- Aibat' horst antictine. E ' .

Lacustrine faces, represenled by aleurolite and argiltite with horiZontally wavy “and
CrOSS-Wavy- lammatad or massive structures, predominate in the cross “seciion of the
Zhidelisai Formation. Thin interlayers of gypsum ‘and its inclusions are rather typical for the
rock mass. Partings and inctusions of rock salt (the wester flank of the Zh‘aman-Aibat area)
are rarely - described. Thin - partings - of ~unsorted - coarsé-grained - sandstone - and
mterfonnahonai gravelile are very seldom. The color of racks is exclusnvely red somelintes
with bright shades. The color of rocks and homogeneous sediment of sulphides and salt
indicate arid climatic conditions dufing Permian: age with sharp: predominance of
evaporation. The sediment of the Zhidelisai Formation -are: referred to as faces Zone of
shallow. Jakes (with sulpﬁale sedimentation) and weak river streams!' The boundary of that
faces zone and the lacustrine-alluvial subzone is rather unclear and characlerizes the

gradual change of landscape at the temitory.

Thus, the faces composition of red-cotored sediment of the Zhaman-Aibat area is

characterized by a- relatively wide ‘set - of faces types of. sedimént of continental and
subcontinental faces céﬁlpfexes and is in general similar to the comgosition of formations of

the area of the same ‘age. Unlike the Zhezkazgan ore field, only a part of the cross section |

of sediment of the Taskuduk and Zhezkazgan Formations has distinct and cyclic shythm of
alluvial character. RN S - .

Grey-colored rocks of two genetic types of color are develo;}ed ia the rock mass of
red-colored sediment. Grey sandstohe of epigenetic color occur -at both subzones of the
faces zone of the lacustrine-altuvial plain (Figure 111-1-3-3).- Grey-green and dark-colored
aleuro-argillite -and sandstone with syngenelic color ase developed more locally and are
linked to facustrine-alluvial faces subzones. Fragments of grey rocks probably of both types
of colors are described in the Serpukhov subcontinental sediment
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“as well In general, grey rocks form a large and cOmpoond'_'con'slimt‘ed multi-colored tens, its
boundaries are clearly delincated only at the eastern and southern flanks.

Copper mineratization is localized in intestayers of grej—co]_oi‘éd sandstone, gravelstone
and conglomerate, rarely aleuro-sandstone, aleuro-argillite. Commercial grade mineralization
is c‘on(':entratcd in’coarse- grained differences, which as a mlc have - secondary grey color
and arc composed of lower etements-faces of cyclothcm (rhythms) of a}luwal character.
Fine- gramed primaty  grey - subaqueous lnhofacws confain - poor  ores. In general
~ mineralization covers practically lhc whote cross section of the lens of mulhcolored rocks
forming a polystage stiicture. - _ _

As recog_mzed in the Zhezkazgan ore field, the cross section of productive sediments
~within the ofe field of the Zhaman:-Aibat deposit has been 'p}eﬁminaﬁ:y divided . into
ore-bearing horizons. | . : |
 The' availability of reliablé‘ho‘riion markers such as organogénic" liméstone ’of‘ the
Serpukhov stage, conglomerate and gravel ‘of Raimundo type and rclahve pcrsmtcnce of
mlcrlaycrs of grey sandstone makes such division appropriate. The m(emal structure of
ore-bcanng horizons is showii in’ Figure I11-1-3-4. In compliance wath lhls the Taskuduk
' Formauon contains 3 horizons and the Zhezkazgan Formatlon 7 herizons. Each horizon is
subdivided inlo bands. A band corresponds to cyclothem (rhythm) and usnally consists of
(wo strata. Thé lower grey, sandy slratum oﬂen with conglomerate (cong!omerale—hrecma) or
‘gravel at lhe f'ool the uppet slratum lS red alcuroargllhte ‘

Thc ﬁrst ore-beanng horizon in the cross section of the Taskuduk Fomatlon is located
at the subzone of lacustrine-alluvial faces. Its structure: is characterized- by unc!car cycles
' lack of ihlckncss and relatively poor pcrsustence ‘of sandy strafa. Two™ bands are
mnvenhonally deﬁned in it The second ore- bcanng horizon is linkéd 0 allmna'l faces
subzone. I‘lve bands are > defined within its COmPOSItlon In general, the second orc-beanng
honzOn is charactenzcd by the presence of interformational COnglomefatc at the foot of
bands and thc presence of thin interlayers of limestone w:lhout slgns of fauna (slightly
SlllClﬁéd) at its roof The uppei boundary of the second hotizon goes along the roof of the
last band with limestone, The thicd ore-bearing horizon is located at the alluvial faces
subzone and is characterized by a clear cyclic structure. Three bands with rather siable and
thick grey sirata at the foot are defined in it. Two bands are defined in the composition of
the forth horizon. The stratum of grey saf{dleneé including conglomerate (or gravel) of the
Raimundo type, is at the foot of the !ower band. The boundary between the Taskuduk and

the . thzkazgan Formations is outlined along the sediment of this band. Both bands, -

according to their structure, are typical alluvial cyclothem. The fifth ore-bearing horizon is
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included in atluvial facies subzone and is divided into three bands. 6, 7, 8,9 a'n(_l 10
ore-bearing horizons cover lacustrine-alluvial subzone anid are characterized by very unclear
cycles (thythm), tack of thickness and inﬁtabi'lity"of' sandstone strata. Thus, productive

sediment of the Zhaman-Aibat ore field (the Taskuduk and the Z hezkazgan Formauons) are

dissected into 10 ore-bearing’ honzons contammg 28 bands combmmg 56 strata (Figure

“11I-1-3-4). It must be noted that the structure of bands to some extent is _generahzed“.
1-3-2-1 Mineral compasition :

The mineral composition of the ores is comparalwely snnple The bulk of the copper is

concentrated in the three widely dtstqbuted mm_erals_, chalcacite, bornite and chalcopysite

(appendix 2).

A vertical zonation in dlstnbuuon of these mmerals has been obServcd in the depostt In

upper horizons of the deposit, the pnnmpal fole is played by cha!copynte but deeper down,
borite predominates, and finally in the lower honzons chatéocite predommales The lead
mineralization consists of galena and the zinc mmerahzatlon of sphaieme
Silver is present in the ores in the form of |_ndepen§lem minerals iacluding native silver
or is involved in the fonn of isomom.hoﬁs additives in the lattice of the sulfides.
* The most widely distributed ore types in the deposit are' segregated :type. Ore minerals
teplace the matrx of sandstone and conglomé;ate and less frequently the feldspars. The ore

fabsic is often banded being defined by the features of the country rocks. In lhg weakly

mineralized rocks, ore miﬂe"rais are concentrated mainly in the coarse grained seams. In the
richest ore, when ore minerals comprise a srgmﬁcant pomon of the volume of the rocks, the
fabric of the ores shows the masswe state. In the conglomerates mineralization s
concentrated in the malrix. The vein type of mmerahzauon is also noticed in the ore, which
is widely distributed, but appears to be small in :value. Thc mineral composition of the vein
ores is, in general, the same as that of the banded and segregated ores..

1-4 Ore reserve estimation
1-4-1. Dnll data ' .

Extensive dnllmg explorauon is being camed out in the Zhaman-Aibat copper
~ deposits - by Zhezkazgangeologlya as aforemenhoned The lotal amount of drifling has
seached 934 holes with a total length of 619,466.3 m. The dnllmg work which has been
completed to date is summarized in Table 1I-1-2-1,

The drill holes are generally located on a 2001 x 200m (category C1) or a 400m x
400m (category C2) grid basis. On some of the grid lines, holes are spaced at 100m to
provide more delailed information. In addition to the exploratory drilf holes, some holes
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have been drilled to coilect samples for me!allurglcal tesling. Locations of all the drilt holes

are indicated in Figure I11-1-4- 1, togelher wuh outlines of individual ore bodies.

Core samples are fisst seml quanhlauvely analyzcd for major e!ements such as Cu,
Pb, Zn and Ag’ Acoordmg to the' results of the semi-quantitative analysus samples are
selected for quanmauve analysm at the laboratory of Zhezkazgangeologaya Unit core
fenpgths for the: analysns range from 0.5m fo 1.0m in gencral Composite samples are
prepared combining several pulvcnzed samples and are analyzed for minor eléements such as
Re, Os, Cd, P, Sb, v, Hg and Se, as “ell as total and sulphtde sulphur. The analytical data

are recorded on hand wiilten chemlcal analy51s data sheets labelled with drill hole numbers,

depth of samples_and other-pamcula_rs.

“The Japanese Survey Teain started preparing a computer data base with spread-sheet
software for the ore reserve estimation of the - Zhaman-Aibat deposils. Due to time
limitation, however, only the data- base of the copper results for the Eastern Osebody was
completed in the first year's - operation. The data-base - includes approximately 2,862

~ analyfical data from 305 drill holes.

The hand written- data sheets are often incomplete,- duphcated or confused in their
formats. Therefore it is necessary to review all lhe dala sheets and to reassemble them in a
systematic manner before data-base entry. The dala-base once completed should be

carefully managed and progresswely up-dated.

1-4-2 Veﬂﬁcatlon of analytical data.

In order to confirm validity of the analyllcal data, some of the pulvenzed samples
were selected and re—analyzed in a Japanese faboratory. The selected S0 samples are listed
in Table III-1-4-2 and the analytical results are shown in Table II-1-4-3.. Comparing the
analytical sesults obtained by the ?hézkazgangeologiya: lab(')ratory with those by the

Japanese laboratory, the former is stgmﬁcamly higher in copper contents, with an average

‘difference of +7. 6% (excluding 2 samples which indicated extsaordinary differences). Of all

the compared samples, 16 (32%) mdlcaled that the results of the Zhezkazgangeotoguya
taboratory are positively biased by more than 10% in compatison with those of the Japanese
laboratory. Further, 5 (10%) of the results obtained by the Zhezkazgangeologiya were more
than 20% hqgher than those by the Japanese laboratory. The discrepancy between the two
laboratories is so sngmﬁcant that a. thorough verification will be required for the existing
analytical data. No correction has been made for- the ‘existing analytical data in the ore

reserve eslimation in this year’s study.
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Table lll-l 4-2  Samples for Check Anaiysss of Ore from

the Zhaman-Albat Copper Dep()snl

Ser. _Samplc Lme Brlll Sampling Deplh (l)
- No.o | No.. | Moo | Ro. “Prém” Te
1 30262 | 191 |, 268 605.7 . | 606.9.
2 | d0264 | 191 | 268 | 607.3 | 607.9
"3 ] s0e8s o191 | 268 | 607:9 | 608.9
41 30266 | 190 | 268 | 608.9 | 610.0
5. | 30267 [ 181 | 268 | 610.0 | 610.75
6 | 30268 191|288 61075 ] 611
C7-| 80210 |19l | 268 | 602.2 612.7
8 30271 | 191 | 268 | 612,71 | 613.4
o9 6042 |95 11T ] 8131 614.7
,,,,, 10 |...6043 | 195 | 117 ) 6847 ] 615.7
il 6044 195 |17 615.7 616.3
12 5735 | 195 | 117 | -616.3 | 616.9
18 5736 195 17 | 616.9 617.6
14 5737 195 | 117 | 616 618.3
L 103478 .| 207 .1 535 | 561.6 | 562.2 .
16 109480 207 535 | 562, 7 563. 2
11 109809 207 { -535 | '563.2 563.1
18 108510 207 535 | 563.17 564, 45
19 | 109511 207 { 535 | 564.45 | 564.95
- 20 | 109513 ] 207 | . 535 | 665.5 | 566.0
2 109517, 7207 | 535 | 567.95 ] 568.8
22 | 109518 207 535 | 568.8 569. 4
S 23 0 17109519 | 207 535 | 569.4 569.9
24 1 109520 207 | 535 | 569.9 570. 4
...25 f 109%23 | 207 | 585 | 57i.5 | 572.1 |
26 100524 207 535 | 572.1 572.6
27 109525 201 535 | 572.6 573. 1
28 { 111038 213 553 | 549.5 550. 1
29 | 111039 218 | 553 | 550.1 550. 6
-1 11043 | 213 | 593 | .55L.6 | ! 552.65
3i 111644 203 | 5537|554 15 {55505
32 | 111046 | 213 5653 | 555.95 | 556.8
33 | 111047 213 553 | 556.8 557. 4
34 | 111048 | 283 | 553 | '557.4 558. 05
o35 | 111495 ) 2t9 |.-.561.) S27.4 | §21.9 .
36 111496 1 209 | 561 | 527.9 528.6
© 87 ) o11497 | 219 | -56% {-528.7 - | 529.1
© 38 111498 219 [. 561 | 529.1 529. 9
39 | 111499 219 561 { 529.9 530. 65
o400 111500 ) 219 | 561 1°530.65]:531.35
AL | Hs 219 561 - 531,35 | 531.85
42 | 111502 219 561 | 581.85 | 532.5
43 | 11t503 | o219 | 561 | 5325 533.3
44 | 1ns0s | o219 | 561 | 533.3 | 534.15
A5 118505 ) 209 | 561 )| §34.15 | 53495
L4 | L1E506- | 219 |- 561 | 534.95 | 535.85
47 111507 219 561 | 535.85 | 536.35
48 111508 219 561 | 536.35 | 536.85
49 (11509 219 | 561 | 536.85 | 531.35
50 111519 218 561 | 537.35 | 531.85

()
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Table m-1-4-3 Result of Check Analy31s of Ore Samples
ﬁ‘cm the Zhaman-Aibat Copper Depostt
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1-4-3 Resull of ore feser\re esumallon

‘The Zhaman-mbat ore dep051ts are categonzed mlo four types of ores according to |

‘their relative differences i in major ore niineral conténts, They are 1) copper ore comprising
‘mainly chatcocite and bomite with mmor chalcopynte 2) complex ores; mamly chalcocite,
~ bomite, galena and - sphaterite wnth mmor chalcOpyme 3) lead-zmc ores, mamly galena
sphaleiite, chalc()cnte and. bormte and 4) ‘sitver ores mamly chalcocne bomite and native
silver, with mmor chalcopynte The cut- oiT grades of these ore (ypes are sel at 0.4% Cu for
the copper “orés, 0.8%Pb+Zn and 03%Cu for the complex ores L. lO%Pb+Zn for the

ledd-zinc ores and Sg/t for the s;lver ores. . .

Block A of the horizon 4- I of the Eastern orebody was’ selected for the ore reserve
estimation in thls year's study beeause lts size and grade are superior to other parls of the
Zhaman-Aibat or¢ deposits. The ofe feserve esllman_o_n‘was carried out with the following
procedure; : ' _ |

Step 1. A 3m or longer secnon in each dnll hole with an average grade equal to or greater
than the cut-off 0.4%Cu forms a unit ore section. The average grad_e of the unit ore section

is a length weighted average of the grades of the analytlcal units,
~ Step 2. A 4m, or shorler, seclion with an average grade lower than: the cut-off is
lncorporated wnlh the 1mmedlately upper and lower unit ore sections formmg a pan of a
single unit ore section. The average grade is re—estlmated taking account of the average
grade and the length of the low grade section. Where the fe- eshmated aVerage grade is
lower than the cut- off, either of the upper 0r lower unlt ore seetlon is adopted in the process
of Step 3. : . -

Step 3. The unit ore sections in mdw:dual drifl holes afe strallgraphlcally correlated, taking
account of their chemical, mmeralegical ar}d other_ characteristics, and are diffesentiated into
~specific ofe horizons. " o | | A _

Step 4. The unit ore sections C()rrelaled to ore honzon 4- I are selected 1o cutllne block A.
The average_ grade and length of horizon 4-1 ore section in each hole are pnncnpally applied
" 1o the polygon formed by the i:ierpendji'eu_la'r bisectors of Ihe lmes jeinieg the hole to

neighbouring holes. : o .

The lateral limit of block A is defined by Imes conneelmg (1) the mldpomts between
pairs of the dnll holes spannmg ‘the ore boundary « or (2) points 100m oitside the outemlost
hole where no drill hole exisis beyn.‘md this hole. |

The shapes of the penpheral polygons are oversidden by the limit of the block as
defined above. _ -

Step 5. The volume of each polygon is estimated. by mulnplymg the Iength of the ore
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section (thickness) by the area of the polygon measused on the ore block plan. The tonnage
is estimated by mulliplying the volume by the specnﬁc gravity 2.6 g/cm® (2.60 Um?).

Step 6. The * average “grade’ of block A is eéstimated by averagmg all polygon grades
weighted by their tonriagé. The s of polygen tonnage gives the total tonnage of block A.

The above procedure is pnnclpally the same as lhat of the Zhezkazgangeologlya
except fof the use of a polygon method for the tonnage and average grade estimation of the
entire block A’ The Zhezkazgangeologiya estimmate the total tonnage by multiplying the
arithmetic nican of thickness (lengths) of the ore secllons in individual holes by the total
area of block A which has been measured on a map using a ‘p!animeler. The average grade
is a thickness-weighted mean of the average grades of the ore sections. Therefore, cach hole
is considered lo represent the same area regardless of the pattem of drill hole distribution.

In the course of this year's study, specific gtawly measurements were madc for some
selected copper ore samples. The results ‘of the measurements have led to the following
correlation between the ore specific gravity and the copper content in percent;

'$.G.= 2.63+0.016xCu+0. OOOZXCuxCu (Cuin %)

‘According to this equation, the average specific gravity of the copper ore is estlmated
at approximately 2.66. However, the specific gravity of 2.60, which is the same figure used
by the Zhezkazgengee!o‘gi)?a:,' has been adopted by the Japanese Survey Team for the ore
reserve estimation. ' ' _

The results of the ere reseive estimation of block A of the Eastern ore body obtained
by lhe Japanese Survey Team are shown in Table 11-1-4-1, together with the ore reserves of
the same block as of January 10,1994 for comparison. The difference between the iwo
reserves is reasonably small, wuh stightly greater (onnage (47.7 million t versus 46.4 million
t) and hlgher avetage grade (1. 84%Cu Versus IBO%Cu) ebtamed by the Japanese Survey
Team, '
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Tab!'e'lll-lid-l Summary Table of Ore Reserve Estimanon on Block—A .
o | Orebody of the Zhaman-Aibat Copper Deposu
_ ' ‘f§AM/Calc. | Japanese Survey Team | ZhezkazgangeOIOgiya : i
C1TEM o R s | vote

Géological Oré Reserve
‘(Not'Mining Reserve)

Geological Ore Reserve |

‘Category of Estimatlion

CalculatiQavMéthéd

Polygon Method

- (Not’ Mining Reserve)

" Section Method -

doofprins | 207 |2t
No. penetrate Ore IIIIIII 116 1156
Outline of Estisatiod s ‘| Ratio(%)
Area (sa.m) 3,366,326 3,447,426 “96
binension tﬁ“s-._.('ﬂ‘ﬁ[:‘-).@_ .......... s.800 | 4,600 - |
of Dep. Jdth(RN) (0} | . 1,500(nax)- 500 | | 1, 500 (max)- 500 |
Ure [Min, @) 193.50 f . 493.80 ) .
forizon |Max. () 632.20 | 63z.20 | L
Average Thickness - (m) 5.46 56.18 105.2
~ - Noluie Cfeub.m) | 18,346,112 '17 867,668 102.1
. Ore Denslty . : 2,600 "2.600 | 100.0
Ore Weight (O] 47,699,892 | 46,429,800 102.7
Ore Gradg Cu (M) - 1.88 | 1.80 102.1
ae ol e B B i1
Cdetal | Cu (| 876,883 | 836,700 | 104.8
Mot | Ag ()| 438,645 411,800 106. 5

1 Condition

3y Cut-off grade is 0. 4XCu.

1) Ore body boundary delineated by Thezkazgangeologiya was adopted.
It is the bisector of pairs of neighouring dills in vhich one of
of ‘the pair penctrated the ore body and the other did not.

Laleulation 2) Gaps. inside border and polygon are assigned to mearest polygons.

!nterlayer is less than 4 .

Results

Estimation

of 2) Differences of values are related to lhose of thickness and area.

“The difference of average thickness depends on the gap betveen
siple mean and block area welghted mean.




2 The Samarsky area
2-1 Location, access and topography
2-1- 1 Location and access ‘ : _

. The Samarsky survey area is located in the Telmansky district of the Karaganda
tegion 35km to the north of Karaganda and 10km to the north of ‘Fermitau. Geographic
coordinates of the comers of the Samarsky survey are (in clockwise direction) Point 1; 50°
11725 N/712°52° 45"E; Pomt 2; 50° ]6 45“N/73 00 00"E, Point 3;-50°09'38"N/73° 10°50"E,
Point 4; 50°04°18"N/ TIPATE (Figute 1-2 1-2)

. The area is accessesible from Karaganda by: the Karaganda-Temirtau-Tsclinograd
all-weather road (Route 36) for approﬁimétély"jokm route 194 toward the town of Akutau
from_ ‘the Jlmcuon ‘Skm north of Temirtau fot approxlmately Skm; a paved road headmg to
the somheast to the Samarsky Sana!onum on the notth shore of a water reservoir (approx.
Skm); a gravet road from the Sanatorium heading to north {approx. Skm).

The nearest railway stations are the Akutau station; 10km to the north-east of the area,

and the Tokarevka station, 15km to the east of the area.

2-1-2 Topography .

The topography of the Samarsky survey area belongs to "stage of old age"
classiftcation and it is characterized by low hills. Hill and valtey fornt of relief prevails in
the area. The altitude:vanes from 500m to 600m. The relief is' compticated by shallow
seasonal river beds of small nameless rivers, run-off dells and small amﬁmal waler storage
arcas and open pits (quames) “The hrghest elevation in the area of the deposit is 594.2m
and the lowest point is 489.3m. -

2-2 Previous geologlcal geochemical and geophyswal surveys
2-2-1 Previous geological surveys (Flgun, 111-2-2-1)
The first recorded prospectmg 1n the "Sarymsak" area_ dates to 1935, when the

' prospeclmg for tourmalized secondary quarizue of Salymsak mountain was carried out. The

main target of this work was raw boron mmerals

Gold mmerahzatlon was first detected in 1953 and was nanied "Nurin deposit”. At the
same fime some small clongated zonés with malachllc and azurite were revealed among
light colored (secondary quartzite) rocks.

In 1954 the Sarymsak area was studied again as a p0531ble deposnt of raw boron
materials. A number of trenches and explonng shafts were driven and & geotog{cai map at
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the scale 1:2,000 was compiled with ge‘nefal characteristics of secondary ‘quartzites.

- From 1956 to 1959 the area became the object of systemalic investigations under. the
name "Nurin ‘deposit” as a representative ‘of tourmaline formation. Attention was drawn to
the possible connection between tourmatinized rocks and gotd and copper mineralization
and a dfil_l_ing survey for gold and copper was carried out (4 boreholes).- Copper dispersion

~ haloes (0.1-0.4% in epicentres) and molybdenum haloes (0.02%) associated with secondary

quartzite were found in the vicinity of the Sarymsak hill but eould not confirm: any ore
deposil. R S

‘Geological studies of this teritory at the scale of 1:200,000 were completed by 1959. At
the same time a large-scale geological survey began and a geological map at the scale
1:50,000 was‘preparcd.-duri_ng the period from 1956 to 1958. These works resulted in an
understanding  of  the stratigraphy, tectonic and - metallogenic -zoning  with - the
recommendation to conduct detailed prospecting for copper-porphyric deposits in secondary
quatizites, ‘ :

As the Sarymsak secondary quarizite massive was c¢onsideied to be very prospective
from the standpoint of copper-porphyric type deposits, a geological survey has carried out in
1962 together with geophysical susveys at the scale of 1:10,000, covering the area of
15.75km?. To ex‘plbre the revealed anomalous zones and geochemical haloes, shallow
drilling and exploratory. workings were camied out (shafls 8.5m, trenches 35m?; boreholes
770m) . _ S :

During 1966-1972 the Samarsky ore field including areas (ore occurrences) Samarsky
Sevemy, Zapadny, Tsentralny and Yuzhny was studied and the following surveys were
carried out: gravity (22.1km?), sampling and analysis for gold (6km), trenches (5,204.3m?),

“shafts (163.8 m.) and boreholes (2,398.5m). The results have confirmed, that the area is

prospective for gold and copper-porphyric mineralization. Certain recommendations ‘on
conducting further exploratory work were made. -

- Afier summarizing all past data by the Karagandageologiya (Karaganda Expedition), in

1989, the area was again targetted for intensive exploration drilling. To complete  the

geologic map of the cenlral Samarsky copper deposit ‘and surrounding - area, mapping
drillings (shaﬂow driflings penetrating sediment cover to the bed rock) were carried out.
Since 1990 exploration drilling has delineated the ore body of the "Central® Samarsky
co_ppef deposit and the "Western" Samarsky gold-polymeiallic deposit.
A total of 76 exploration holes have been drilled.



2-2-2 Previous geochemlcal surveys (Figure 111-2-2:2) -

“ From the beginning of the systematic prospecting of orés in the Samarsky area in the
1950’s; geochemical survey methods were adopted and played an important role in outlining
the target area. Since 1957, lithological and géochemical prospecting of secondary haloes
have been carried out in the area. Over 30,000 samples have been taken. Sampling has been
carried in a netWork of 100m % 20m or 100m x 25m." R :

-Spectral analysis niakes it possible to determine the followmg contents of 23 elements:
Mo, Ag, Pb, Cu, Co, Bj, Sn, Cd, Ge, V, Be, Sr, Ni, Sb, W, Li, Ti, Mn, As, B, Zn, Ba and

Au. This work has resufted in conipiling maps of secondary haloes of 13" elements which

express the influence of mineratization in the area : Cu; Mo, Sn, W, Ag, Bi, Au, Ba; B, Ge,
Pb, Zn and As. They charactenize geochemical propemes of geo!oglcal structure of the area
and make it possible to evaluate its prospects. : ' '

“ At the Ceniral and Northem parts of the area copper haloes outling an intrusive -
 massive, hosting copper molybdenum deposit. Series of small linear haloes are associated
~ with zones of gold and polymetallic mineralization: A hato with an intensity of 0.01:0.1%
outlines the Central ore field of impregnated copper ore. It has ring shape. Richer and closei
to surface zones of copper mineratization are outlined within it by the most intensivé
anomalies from 0.03'10 0.1%. - Lo o S :

‘Haloos * of  W(0:003-0.03%), - $n(0.0002-0.0005%) ~ and - Mo(0.0003-0.01%) ~are
morphologically close to each other, have ring shape, apparently determmed by morpho?ogy
of a younger intrusion, breaking through monzodiorite. oy

Summarized halo ‘of Cu, Mo, W and Sn is outlinés the area of copper mmerahzahon
Tourmalinization zones mapped by B(boron) haloes are also interesting from the standpoint
of gold. Au(gold) halo is morphologlcal]y clOSe to the pro;ecnon of ore zone to the surface
and is well correlated with copper. : ' '

" Haloes of Ag, Pb, Zn, As and Bi are located at the flanks of the Cu halo and

characterize. zones of hydrothermally - altered volcanicas; ‘with zornes of polymétallic

mineralization. . .

‘Verlical geochemical zonation of the primary haloes has been analyzed on the Liné 34
at the cross-section of 11 exploration dnllmgs Haloes of Cu, Mo, Sn, W B, Ge, S5, Ni, Bi,
Co, Pb and Zn have beén studied there, - ° R o
 Cross-seclions clearly define morphology of mineratization zones, which has ihhén'.ted
“the anticline structure of the ore field. The ore zone is arc-shaped with its Western limb
dipping steeply more than the Eastern one.

* Axial zonation of the ore body has been studied at the Westem limb. The following

i)
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above—ore elements ate clearly defined here G, Bo and Sn. The ore body is charactenzcd
by haloes of Mo, Au and Pb. Lower parts of ore body are characlenzed by Zn and Mo;
below-ore, low-productive levels are charactensh(: for Bi and Cr.

~ The geochemlcal intérpretation map is compﬂed in Plate IT1-2-2- l with secondary haloes
and takmg into ac<20unt zonation have beer used for compiling mineralization in the area.

2-2 3 Previous geophys:cal surveys _ _

: The infomtation on previous geophyswal studles of the Samarsky area are given in the
Hist of previous geophysical surveys (Table 111-2-2-2) and ‘in the schematlc map (anure
II[-2-2-3). Systematic study of the Samarsky ore ﬁeld started in 1960 with a combination of

""g'eéiogic'al and gedﬁh)rsicél surveys at'a scale of 1:50, 000. In 1961 while checking a -

* géochemical anomaly’ an area, 0.5km x 1.6km in size, was Seiected ‘for detasled geophyswal
survey. An eleclncal potenual anomaly with 50mV was obtamed by the electrical method of
SP (Plate ll162 2-3) BaSed on. the posntlve results of that work, an area of‘ 15 75km? was
covered by a ) 10, 000 scale survey in 1962, The foll(‘)wmg geolog:cal geophyswai meihods
have been applied: magncllc survey (Plate I1I- 2—2—1) and metallometdic Surveys in a nemork
of lOOm X 20m (15 ?Skmz), Ip, $P electric surveys (7km?). The area has been regarded as

: prospcctlve for gold and silver as well as for copper- porphynhc and polymeta!lzc ores and it

was recommended for detailed study The "Samarsky Zapadny" section was surveyed within
its limits and was subsequently deﬁned as prospectwe for polymela!s Anomal:es of Induced
Polanzahén with intensity 6 to 8% were detecied in the course of an electnc survey by IP
method at the background value of 2%. A band ‘of mineralized rocks with width of 100m,
stretching for 400m in the rorth- west direction was delmeated :

The quality of geophysrcai and gec:chemwal surveys carried out in 1961 1962 does not
corrcspond to current requ:remenls Besuies that, anomalncs at Lines 16 to 20 cast doubt on
the accuracy of the surveys. According to V.P. VYDRIN the total prospective area is
40km .

: Since 1966 the Samarsky ore field has been studied by the A!éxandrovskaya group of
'CGPE {Central Geophysical Expedmon). A gravity survey in a network 200m X 100m
(22 1km?), magnetic survey in a network 100m x 20m (7km'~’)"and geochenji'cal sufveys in
a networks of 100m x 20m and 100m x 100m’ (6km’) were applied. '
Based on the prospecting results obtained from 1965 to 1972 (Grankin and others)

" Thematic party (1989) recommended further prospecung work in this area. The Samarsky

‘area was cotisidered to be’ prospective for gold and po‘lymelals which justified further
prospectmg at the scale 1:10,000 in this area.

__.90_.
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Table HI-2-2-2 List of the previous geophysical survey in the Samarsky area

~ |Report

- after BOOK1, 1992 )

Year Author Kethod , scale . Ketwork, spacing
148 [1950 {Khonchenko P. I. [Ns - 1:100, 000 1 500x100m
Zinchenko 0. V. ‘1, 000x100m
CKSD, CGPE _ 1, 000x50, 500x50a
1:10; 000 100x20n
Geh- 1:50, 000 500x50m
1:25, 000 250x50m
Es - 1:25,000 '
161  [1961 [Pak V.P. Ms - 1:100, 000 height 40n
: |Kaz | : -
164 |1961 [Xhomchenko P. 1. |Ms - 1:10, 000 100x20
Vydrin V. P, Geh- 1:10, 000 100x20
CKSD, CGPE Es(VES)- distance 2, 000m
| _ pitch 500m
{EsCipy - 200x200n
400x200n
| o - 100x20n
196  [1962 |Khonchenko . T. |Ms - 1:10, 000(15.75)| 100x20m
Belousov A. 1. |Geh-1:10, 000 100x20m
“|cxsp, copE Bs - 1:10,000 () | 200x40n
| N (SP, 1P) - -
494  |1965 |Opravhat V.A.  [Gr - 1:25,000 (22.1)] 200x100n ]
- |Pacholyuk Y.P. [¥s - 1:10,000 (4) | 160x20m
1972 {CKTSD, CGPE Geh- 1:10, 000 (6) 100x20n, 100x100m
950 |1983 |Mageramova . A. [Ms - 1:10,000 | 100x25 m
CKTSD, KSPE - |Es - 1:10, 000 200x50n
Geophysical (SP)- -~ pitch 25 m
party o

'Gr:Gravil?)}:Eviﬁs?:E'l'éc-tric, Ms:Metallometric, Geh:Geochemical
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..~ Geophysical analysis ulitized data obtained by the Batembai paity and the gravity map

‘at the scalé of 1:10,000 from the report of the Rybinskaia geophysical party.

~Data from the gravity survey of 1972 cartied out on the Samarsky ‘deposit area show the
complicated gravity field. Most’ probably.it is connected with the wide developmienty, in the

atea, of various genesis of magmatic rocks and their intensive hydrothermal altetation down

to more than 500m. The southem part of the anticlinal Tulkulin volcano plutonic’ circular

 structuse on the gravily map is clearly marked by a considerable increase of the gravity field
~and in the northern part, by lower values. The border between them coincides with a zone

of steep gradicnit on which the Sarymsak-Tulkulin fault is mapped. According to the data of
the magnetic survey at the scale of 1:10,000 (Plate I11-2-2-2) the studied area is clearly
divided into two different .:parls according ‘to the natue of the struclure of - the magnetic
field. The region of positive magnetic field is formed with metasomatically * changed
granitoids and volcanic rocks of the Zharsor Formation. In plan it coincides with the ceatral
[S_an-:‘of the Tulkulin structire and has mainly longitudinal orienfation of changes of the

magnetic field.  The region of negative magnetic field - encircles the outcrops of

 conglomerate-sandstone. mass of the Kagyr Formation on the ‘sides of this structure. The

region of positive magnetic field has a complicated structure expressed with a large number

of anomalies of various amplitude, strikes and dimensions.

‘The magnetic anomalies can be conventionally divided into 4 parts;

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

- the outcrops of monzodiorite containing copper porphyric bodies

- the area of development of gold polymetal mineralization in the western area
- the outcrops of volcanic rocks of Zhatsor Formation {south-eastem part).
(1) The anomalics of intrusives and dikes - _
~‘The anomaly zone_locéted.‘\vilhin Line 28 (stations 200 to 350) is a series of smali

anomalies. Spatially the described zone coincides with the area of development of

* andesite-basalt and monzodiorite containing a large number of small intrusives and dikes of
~ subalkaline gabbro-diorite and dolerite of the Late Permian Manybay complex. It ought to

- be .noted that singling out volcanogenic and intmisive formations according to magnetic

survey data is quite complicated here because of widely expressed protesses of
metasomatism, |

(2)'The .anomalies of monzodiorite

- An anomalous zone of magnetic field forms to 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 hi gh
(500 to 1,000 nT) and low anomalies {200 to 300 nT). Spatially the zone coincides with
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outcrops of the Tulkulin small intrusive of altered monzodiorite of the first: and second

phases of Kukkudukutubin complex containing bodies of copper porphyric ores.: According
o lh'e‘dﬁlling data, the intrusive on-the depth increases significantly. Dipping of its roof in
the south-eastem direction at the angle of 30 deg i is observed.- PR

It should be hoted that within ofe bodies’ granitoid ‘and volcanic rocks of Devonian- are
everywhere changed metasomatically to - facies of beresite* ! and ‘propylite and ‘in less
changed shape are preéeivéd'only.in small areas. Within this zone outcrops of beresite and
beresiﬁied.‘quénz mon'zodidrite_éf the second ‘phaséi of intrusion form a broken half-ring,
which in the western part coincides in plan ‘with the miost intensive half-ring magnetic
zinomaly According’ to resolts of determination ‘of “physical propeﬂies of less changed
' _samples of quariz monzodiorite they have avérage magnetic susceptibilities as hlgh as
1 6317(106—5 S : '

* However, - the drilling' determined “that - sometimes- ore and “ore - (:omain'ing" beresite
developed in monzodiorite of the first stage of infrusion have high magnetic ‘susceptibility.
In borehole NoS8 in samples taken from subore-and * supraore-beresite, “high magnetic
susceplibitity of “these -rocks “(3,000 to 5,500 x lOé—SSI) wasjmea'suredfsimilar high
magnetic ore beresite were intersected in bdfeh'olesj No 48 ‘and 49 at the depth of 100m to
312m, where the average magnetic susceptibility varies: from 308 tfo 3,182 % 10-3SI
reaching maximum values of 6,000 to 9,000 x 10e-5 SI. Taking into account ail this data
and the complex geological structure it can be coicluded that- ihé“des’éﬂ'bed “half-ring
magnelic anomaly is most. probably conditioned with not only quartz monzodiorite of the
second pﬁase"but-al'sd with ‘ore containing and hematite and magaetite coritaining beresite
developed mainly in monzodiorite of the first phase of Kukkudukutubin complex. This zone
of the magnelic field is characterized by the presence of secondary afeas of dispersion of
molybdenum copper, gold, silver. Caleutated anomaly. grades ‘appear to be equa! and the
strike of secondary areas agrees with the strike of pnmary structures.

ﬁccordmg to data from the report of the Dalrienskaia geophys;cal party (1962) which
carried out the electric survey works  in this atea(Plate 1I- 2-2-3), the Samaisky copper
porphyry mineralization is marked with IP anomalies- with intensity 6 to 10% on a
background of 3%. . '

* Ieresite: An aplitic hypabyssal Tock alteied fo'a matéria) redembling greisen, containing quarnz and often

pyrite. Betesite was originally describod as bcmg predonunani!y feldspar, was later determinod 1o be free of

feldspar, and was still later described as a quartz porphysy (Johannsen, 1939, p.243)

()



In the south-western part df the area a positive magnelic an'omal.y is defined in Lines 12
to 26 (stalions 16 to 220). This large anomaly is asometnc in plan and is stretched in
tongitudinal direction’ with intensities up to 900-1 OOOnT It corresponds to the zone where
the 'I‘ulkulm fault adjoins small mtmsnons of quartz monzodiorite of Early Permian Vishnev
complex and homfels.

{3) The anomaly of Au-po]ymelal mmerahzahon
The anomalous ?one covers the north-western part of the study area. In & gravity map the
area of the relative grawly rcpresents a decrease of values of gravity force, associated with

the massive of granitoids tocated at depth. The character of the magnetic field within this

- zone is marked by refatively decreased values (from -50 0 +100nT). Spatially it coincides

with the area of development of sandstone of the Konyrskaia Formation and
metasomatically changed tufiites, tuffoconglomerate breccia and “large- fragmenlal tuff
andesite of the Upper Zharsor Subformalion. Magnetic anomahes of small dmtensnon are
conditioned with small unexposed dike-tike bodies of quartz monzodiorite of Ear!y Permian.

Small exposures of these rocks are marked in many places within this zone and they were

- ideatified in many exploration wetls. Within Lines 52'to 57 (stations 150 to 120} weakly

positive’ or negative anomalies correlate with anomalous zones of suppesed polanization
associated with hydrothermal aclivity. Three maximums of intensity of 7 to 8% confined to
lourmaline—s’cri'sitg-quartz sulphide zones are defined within this anomalous zone. Secondary
aréas of d_is'persion of tead, zinc, gold and, more setdom copper, are’ confined to
tousmaline-sericite-quarlz metasomaticatly altered rock. According to drilling data all large
bodies of gdld¥polynjetal ofes and zones of minératization are localized within this zone.
{4) The amninalies of the south-eastem part . _

The soulh eastermn part of the area, (Lmes 0 to 30), is characlerized by a magnetic field of

small intensity 100 16 300nT. In plan this zone coincides wnh outcrops of volcanic rocks of

“the Zharsor Formation. Spatially it coincides with the aréa of development of Middle

Devonian terrigenous rocks of the Konyr Formation.

- 224 Current situation

In the Samarsky survey area (including the "Central,Cu" and the "North-west,Au™)
exploration dnllmg of 32,156.2m in total has been compleled Each drillhole was
apprommately 600m deep for copper exploration and 300m decp for gold exploration (Table
11-2-2-1). Smce_ the autumn of 1994 an additional three driltings were commenced by
deepening old drillholes or by new dﬁlling at the eastern limb of the “Samarsky Central Cu
depoéit". They will be completed in the summer 1995 and are aimed at checking the deeper
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geologic structure and confirming the mineralization’ at lower levels.

No geophysical surveys aré programmed in the deposit area except for borehole logging
accompanying‘drilling‘. In May 1995 a report on the geophysical data will be presented for
 the region surrounding the Samarsky deposit by the Central RGE as "Result of regional
geophysiéal work of 1:50,000". This report may identify interesting regions for further

exploration.

2-3 Geology and mineralization
2-3-1 Geology
2-3-1-1 - Stratigraphy

The Samarsky area is located at the marginal Devonian volcanic belt at the junction of
large caledonide stuctures, Eremientay-Nyazsky anticlinorium, Semizbugin and Shokshan
synclinoria (Plate 1-3-2-2).
~ The structural position of the area results in wide development of volcanic, inteusive and
v’olcanogenic-s’edimentéry formations of Devonian age. - -

The stratified divisions of sedimentary formations and intrusive formations have been

defined as desciibed below:

1) Sedimeﬁlary formation
(l) Devonian system(D) -

- Dévonian’ system - deposits are widely spread through the temitory of the area. They
compose basically the wings of a Tulkulin ring votcanic-plutonic structure and are divided
inte Early-Devonian Zharsor ttift"oge_neous volcanogenic and Middle-Devonian Konyr
volcanogénic sedimentary Formations. The former is: subdivided in turn into Lower and
Upper Subformations.

@ Early-Devonian Zharsor Formation
"According to petrochemical and lithologic data the Formation is divided into

Low;vér(l)nzn) and Upper{Dizr;) Subformations mainly composed of volcani¢s of basalt,

- andesite and dacite compositions respectively.

- Lower Subfonmation S T o . E

" ‘The Lower Subformation of Zharsor Formation (D1zf1) is most widely spread in the
:South-Western and Nerth-Bastern parts of the Samarsky ore field. The Subformation
discordantly overlaps the Siluran and Ordovician deposits and it is concordantly
overlapped by the rocks of the Upper Subformation within the area. The thickness of the
Lower Subformation is not less than 545m.



The formation is mainly composed of agglomerate tuff. Lower Subformation voleanics

“in the Zapadny iatea are metasomahcalty -altered “ to - fully- mamfesled beresite ith
abundant pynte.’- : '

Upper Subformation

~The Upper’ Subformation -of Zhatsor Formation (Dizr2) is concordantly over]apped by
volcanogenic-sedimentary deposits of the -Middle Devonian Konyr Forma_hon.-‘-'l‘he
described deposits are most widely. developed in the South-Fastern and North-Western
parts. of ‘the site dipping at angles of 20-30". It coristitutes limds ‘of the Tulkulin
“volcano-plutonic structure. o
It is composed of coarse-fragmental pyroclastic tuﬂ‘ and sometimes Iava of andesmc
- dacite and andesite. ‘The thickness of the Upper Subformation is more than 510m.
‘Subvoleanic formations - |

Subvolcanic formations of the Early Devonian (o 8  Di) related to the vol¢anism of
- Zharsor lime’ are widely spread at the Lower Subfomiation;- It is mainly. composed of

leucocratic basaltic, andesitic basaltic rocks. -

-(® Middi¢ Devonian Konyr Formation (Dxka)

Deposits of this Formation in the Zhivet stage widely occur in Northern and Western

patts of the Samarsky area. Konyr Formaﬁon ‘with washout and angular unconformity

overlaps the volcamc rocks of lower and upper members of the Zharsor Formation and it
is in tum ovedapped by Neogcne clay. The formation is composed mainly of red-colored
tuffaceous inequigranular sandstone, - conglomerate. The incomplete thickness of the

formation is less than 250m.

(2) Neogene system -

- The deposits vf Neogene age are represented by - Kalbaman (N,? 3k1), middle to late
Miocene and Paviodar(N,*-N,'pv) late Miocene-early Pliocene formations composed
‘mainly of clay and formations of redeposited disintegrated weathering crust with lenses of
sand and pebble. | : ' |
(@ Middle-late Miocene, Kalkaman Formation (N12 3kt).

The deposits occurring widely in the area overlap the rocks of Paleozoic and they are
overlapped by the formations of Pavlodar series. The Kalkaman Formation is composed
niainly'- of lacustrine, alluvialJacustrine and diluvial-proluvial grey-green fat: clay and
- redepositéd weathering crust. The thickness of the Formation varies from a few meters up

1o 50m.
(@ Late Miocéne-Barly Paleocene. Pavlodar Formation (N13-Ny! pv)
The deposits of this formation have wider areal occurvence in comparison with those of
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the Kalkaman Formation, The largest areas in which their bediocks are found are in the
northern :and north-éastetn parts of the site. They overtap the Kalkaman Formation® and
Paleozoi¢ rdcks and they ar¢ covered by Quatemary formations. The  formation is
~ composed  mainly - by - red-brown, ' more rarely by speckled, -washed lacustrine,
- lacostrine-alluvial sandy clays. The formation thickness varies from a few meters up to 22
and 35m.

(3) Quaternary sj,‘@teme)

“The lower layer in the Quatemary system is Lacustriné-attuvial deposits (la Q1) that
occur most often in the western part of the area. They are reptesented by lacustrine-alfuvial
and ‘ alluvial brownish-beige loam, clay and polymictic fine-middle grained sand. The
thickness of_the rock mass is less than Sm. ' ' S

' Middte-Upper layers: are Proluvial-diluvial deposits (pd Quan).’ They are represented by
carbonaceous sandy loam with the debris. The thickness of these deposits does not usually
exceed 1-2m. '

Recent layer is Proluvial (pQ:v) and lacustrine (LQiv) deposits composed of proluvial
loams, sandy loamis and sands occur miost widely in this layer. The thickness of such
deposits is not more than im.

The weathering crust has two types buried weathering crust is up to 6.5m in thickness
and occurs in the Zharsor and Konyr Formations. Redeposited weathering crust varies from
5m up to 20-30m compose the deepest parts of Neogene deposit sections which overlap
with wash-out the rocks of Paleozoic.

2} Intrusive formations

- Intrusive formations in the Samarsky area are slrongly variable de;iending on the time of
their intrusion, petrochemical propesties and structural position. All of them are closely
connected with Devonian volcanism, which resulted in the formation of ore containing
Tulkulin ~ volcanic-plutonic  structure and  with Permian - stage “of Epicaledonian

tectonic-magmatic activation. The following comptexes have been conventionally defined.

- (1) Early Devonian Karamendin complex -

- Barly Devonian Karamendin complex of quartz-diorite(q & 1Dikm), associated with the

first phase of ‘intrusion ‘and granodiorite porphyiy(y & z 221km) of the second phase of

infrusion constitute the Tulkulin intrusion, which is outcropping in the central part of the
volcanic-plutonic structure in the Samarsky area.
Both major phases are accompanied by sib-phase intrusive activities.

The former sub-phase is composed of the associated metasomatic formations of
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medium-fine grained (g6 1), miéfb’dioﬁte’ ‘and" quariz-diorite-porphyry of exocontact facies
(1¢q81), betesite - (bny), potassiom’ feldspar facies’ (kLn) propylue(pi) ‘and secondary
quarizite{vki). .

~The latter sub-phase, ‘conlinuing to the second phase-fonhed assotiated ir\tr’tiéives and
“dikes  that coincid'e in 'p!aces -They --are : composed = by - quartz-dlonle-porphyry
biotite-plagioclase-like (q & 72?), éruptive breccia of granodiorite-porphyry
(g & n2), beresite (br2) and potassium feldspar facies (kh). '

- This complex .is most widely: spread w:lhm the Devonian volcanic be!t and:is closely -

ccnnected with Devonian volcanics. Lo

* During all: of these activities some parts of the inlrusive bodies were brecciated “and

formed so-cal!ed breccia pipés in the central part of the ‘massive. The breccia pipes include
‘many kinds of clastic fragments of: early stages ‘and- hoslmg rocks “of Early Devonian
Formations. These breccia pipes played an important role in the hydrothermal alterauon and
coppec-poiphyiitic and gold polymetallic mineratization in the second phase intrusion of the
complex (Figure H1-2-3-1). Ce ‘ _

Plan view of Tulkulin massive shows - that it has an ‘oval shape, and is appareatly
represented by a stock-shaped body, 6x3km in size. At the Westein part of the aréa the

" intrusion is cut off by the Western-Tulkulin upthrust-overlap. - '
Almost everywhere rocks of this complex are almost completely altered by metasomatism

“to beresite. . ' '

(2) Lower Permian Vishnev complex of quariz monZodiorile (qué Pw) -

Lower Permian Vishnev complex of .qu'ar(z'monzbdioﬁte (Y7 SPlv), less fréqtlentiy
monzodiorite (z & Pw) and granodiorite (¢ §Piv) has been conventionally defined within
the Samarsky complex. This compléx consists of minor- intrusions and - dikes, mostly located
in peripheral parfs of Tulkulin volcanic-plutonic structure and zones of faul'ts Most of them
are parily or completely overlaid by Neogene clays or aré not uncovered by erosion at the

~ sandstone of the Konyr Formation. .

The niost wndely spread rocks are represented in the complex: by quartz monzodiorite,
consfituting the majority of dikes and mtrussve bodies.
(3) Upper Permian Manybay complex ‘

Thé complex of sub-alkalinie dolerite (¢ Bszn) gabbro (& yPamn) and gabbro diorite

{& y 6Pimn) has been conventionally “defined in the surveyed territory. This complex _

includes groups of dikes and minor intrusions, tocated mostly at axial parts of the Tulklin
volcanic-plutonic structure. Most often gramtonds of this complex oceur in the Southern part
of the temitory.
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(4) Upper Permian Koitas complex :

. The Koitas coﬁmple# of rhyodaci!e -porphysy (A ¢ makt), thyolite-porphyry (2 rakt)
‘and gramte-poq)hyry {7y mkt) is defined conventionally. This complex includes group of
dikes and less frequenliy, minor inlrusions, mainly located at lhe penpheral part of Tuikutm
'vol(‘,amc-plulomc Ang slmcture - '

T2:3.12 Teclomc structure

" The temtory of the Sarnarsky area is located within margmal Devoman volcanic belt; at
‘the Juncllon of latge Caledonian s!mctures—Erementay-Nyaz anhclm(‘mum Senuzbllgm and
" ‘Shokshan synclinorium, adjacent to the junction Zone of Caledoman and [Iarly Hercyman
“structures of Central Kazakhstan, thus detemnmng is compllcaled teclomc siructure.

There are two structural stages and five stmclural and intrusive complexes deﬂned based
~on the type of prevailing folding and fault tectonics are on the magmati¢ and sedlmemary
formations within the area. The main structural element of the Samarsky area is the Tulkulm
volcanic-plutonic ring structure. :
 The first and the second structural stages are defined within the orogemc stage of
.dcvelopment '

1) Firsi structurat slage : . .
 The first structural stage is composed of conlmemal andesitic basalt- dacue Lower
;Devoman formation of ‘Zharsor Formation and Early Devoman orogenic  intrusive
?Karamendm complex of dioriles. '

| . By the begmmng of Lower Devoman age the area had undergone significant tectonic
| restruclunng by Caledonian tectonic movement and the Tulkulin ore-contammg
'volcamc-p!utomc ring structure with minor intrusions was formed. '

Above-intrusion roof of Tutkulin minor intrusions is oornposed of \.olcamcs of andesitic
o basaTt dacite formation in the Western and Eastern part. _

" The central part of the volcamc-p!utomc structure is complicated by numerous faults and
. minor i intrusive and dike bodies of the Pennian age. These are mostly granod:onle of Early
:Devonran Karamendm complex. They form the Tulkulin intrusion, - cont__ammg
Egold-polymetailic and copper;pofﬁhyritic mineralization. It has a dome s'tmctufe_" {fith its
‘nircleus composed of hydrothermally altered granodiorite of Farly Devonian Kéramendin
- complex. ' ' |
2} Second structural stage
. The second structural stage is composed of continental-marine Middie Devonian molasse
rock associated with the Konyr Formation, constituting overlaying Samarkand syncline, The
syncline forms the structure of the Northern, Western and Eastern limbs of the Tulkulin
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volcanic-plutonic structure.

- 3) Stage of developing Epicaledonian activity

. Epicaledonian aclivity is répresented by minor bodies and dikes of alkahne and acidic

' :compos_liton of Barly and Late Permian Vishnev, Manybay and Koitas -complexes.: The

described folding'arid intrusive complexes are complicated by numerous faults; that are

characterized as having important téctonic and ore-détermining roles.

4} Faults

. Faults are ‘widely spread - and play an imporant role in' the geology of the -arca,
determining prevalence of small blocks in ii$ structure. - '
- The major faults are” the Tulkulin, West-and East-Tulkulin, Sarymsak-Tulkulin: and
Sarymsak faults. & :
-The largest fault is the Tulkulin deep séated fault which is assumed to have a ‘steep
Western dip- (60-85), meridional - strik¢ and is stretching from the South to the ‘North
through ‘all the Western part of the territory of the area. In the Westem part of the area it

*limits placement of mostly copper-porphyritic mineralization of the Samassky deposit; and

" its . outlining - tectonic cracks are responsible for ~placement of gold-polymetallic

mineralization.

The East-Tulkulin fault, whlch has a North-Eastem direction, is located in the
South-Eastern part of the area, upthrusting with dislocation, directed to the Fast at the angle
of 70°. The faﬁlt-outlines=0utcr‘ops of the Tulkulin intrusion and the Eastern flank of a
copper-porphyritic body to the West of the Santarsky area..

 The Sarymsak-Tulkulin fault is located in the Central part of the area.
It has a steep, alm_o’st-vedkal;dip and is outtined by dikelike bodies of granodiorite of

" Early Permian age and coincides with outcrops of granodiorite of the second intrusion phase

‘of the Karamendin complex.

Other numerous smaller faults can be divided: into two groups of tectonic cracks with
North-Eastern {younger age) and North-Wester strike. '

2-3-2 Miﬁeraliia!ibn_ and alteration .. -

'2-3.2-1 Mineralization - - -

Ore deposits and occurrences, located within the Samarsky survey area are included in

copper-molybdenum-gold formation and are closely associated with Devonian volcanism,

“that has resulted in formation of ore-containing Tulkulin volcanic-plutonic structure.

The structural p(’)sitioh of the Samarsky survey area resulted in development of two

_types of mineralization: copper-porphytitic and gold polymetallic.
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1) Porphyry copper type mineralization

Two comparalwely large bodies of copper-porphyritic. ore occuf in the Samarsky survey
area. They are lOcated in the Nonhem part (No.1 body) and in the central part (N02 body)
- of the area. Both ore bodies are composed of metasomatic altered rocks of quanz dionite,

granodiorite of the Rarly Devonian.- _ o : o

Ore body No.2 is the object of geolbgiéal "ore"résewe estimates in this year. It is located
at’ the above-inirusion zone of Tulkulin massive. The massive is’ composed * of
hydrothermally altered rocks of beresite-sesicite composition. The ore’ body was detiveated
based on the cut-off grade of copper of 0.2%; it -has an’ isometric shape with' irregular
borders -and a - size of 500m5-:40(}m It is cot by faults, having - Nonh-Eastem
(Sarymsak-’[‘ulkuhn Sarymsak) and mendwnal directions (Tulkulm) SO
- Ore body. No.2 is shaped like a ‘cone and is located in the uppet part.s of the intrusive
-massive. The bottom of this cone is close to oval shapéd, with the size 2,000m x- ISOOm
The vertical range of mineralization is over S00m. - Lol

Ore body No.l has a similar character to No.2: The shape is like a cylinder with a
: slighny stretched oval cross section approximately 400m x 350m in plan view. :

Their major sulphide ores are vemlet-lmprcgnaled and 1mpregnated-vemlet lypes
2) Gold-polymetaliic type mineratization - o : :

“This type of ‘ore has been found in the:"Westerm" section and ifsSouthemn extension.
Ore mineratized zones are associated with the Zharsor Formation of Lower Dévonian.

Gold ore mineralization is developéd at the zone of ¢rushing and hydro’lhenml altération
(sericite-beresite mefésomatié alteration). Ore and ore mineralized zones do not- have clear
-geo!ogmal borders. They have ‘been delineated by sampling :and are represented: by
accumulatlons of gold- polymetalhc - quartz, - quariz-carbonate,  quartz-sulphide, - sulphide
veinlets. The mineralized zones have conformable orientations with surrounding: crushed
zone of Notth-Eastern strike with the inctination of 35-55°, -~

Analysis of spatiat distribulion and ‘structure of ore bodies shows; that all of them have
- zonal structures. The outer Zone conlains poor polymelalhc and gold mineralization, inner
parts contain commercial mineralization (over 3 g/t Au). '

Four gold ore bodics have been discovered in a north to south line in the North-Western
Durmkorin- section. -In the two northern bodies gold prevails over lead and zine and in the
southem bodies lead and zirc pre\}ail over gold. '

3) Gold-bearing crusts of weathering, _

Gold-bearing ciusts of weathering are widely developed within ‘the Dumkorin tectonic

block (Zapadny-"Western" section) and are localized in Neogene sediments. They have an
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average thickness'of 20m and ay%rage'eoment of gold of 0.2 gt Au. :
2-3-2-2 Mineral composition '\

Based on lhe results of mlcroswp;c observation and others, general characteristics of
selected ores has been sludled for mmeral composition in the Samarsky ore deposils area.
Two main types of ore. have been defmed here: copper ore and lead-zin¢ ore ‘with gold.

Their eharacteushcs are as follows

- 1) Copper ore

According to the assemblage of copper mmerals copper ores are classificd into
chalcopyrite ore and chalcopynte—molybdem{e oré. Chalcopyrlte ‘mineralization is being
regularly replaced -at depth by chalcopynte molybdemte mmerahzahon Chalcopyrite ores
are basically composed of ehalcopyme pynte and acoessow sphalenle nutife and magnetite.
Molybdenite-chatcopyrite ores are mostly composed of aceesso:y molybdemte pyiite and
rutile. Hosting rocks of these ores have spotted textures. '

2) Polyme!alllc ore

Polymetalllc ore is composed of lead, zinc and i in some cases- gold is aiso present. Thear

“mineral composition is baSIcally sphaleme galena pynite, chalcopyrite and, as a minor

ntinerals, chaleoute telrahednte nanve gold magneme and rutile are also present in some
cases. The dominant texture is . "1mpregnated" w:lh some veinlet-tike and vemlelfjomtmg

textures also apparem Gold is found in the veinlet type texture ore.

- 2-3-2-3 Allerahon (Flgure 11123 -2)

Intrusives “and hostmg vo]canogemc rocks are aftected by intensive hydrothenmal
alteration. Dlslnbutlon of hydrolhennally altered rocks is m lhe form of concentric zones.
Silicified vdcks are located in the center. Movmg outward, ‘they -are replaced by vast zones
of quaﬂz—sencne composu:on transforming mlo serlcde whlch is then replaced by
quarlz-tourmaline and tourmalme Flanks of the area are mostly occupled by propylite.
Hosting rocks of - copper-porphynlrc depos:ts are genefally altefed ‘with various intensity to
beresite. In. genera!, minera_l;;e__d zones of gold are also assoc[ated with sericite-beresite
metasomatic rocks. Gold’ore:'mineralizalion is de\feloped at tile zone of crushing and
hydrothennal alteration conlammg ﬁne lmpregnalion of pyrite. The secondary alterations in
the rocks of the Konyr Fonnallon were expressed by recrystaillzahon of cement and they

are presented mamly by the p;ocesses of chloritization, ¢arbonization and snllmﬁcanon.
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Figure 111-2-3-2 Géneralized Alteration Map

of the Samarsky Copper-Molybdenum Deposit Area
Originally Prepared by Atexander V. Pokusaev (1955)
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