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PREFACE

In response to the request of the Government of the Republic of Kazakhstan,
the Japanese Government determined to conduct a series of survey involving geological
survey, drilling survey and other surveys related to exploration of ore deposits, for the
purpose of examining the potentials of mineral resources in the Kokpetinskaya Area,
situated some 750 km northeast of Almaty, the Kazakhstan's ex-capital city, and
entrusted the survey to the Japan International Cooperation agency (JICA).

In view of the geological and mineralogical nature of the intended survey, the
JICA commissioned the Metal Mining Agency of Japan (MMAJ) to execute the survey.

During the second year (Phase II) of the survey commenced in the fiscal year
2001, the MMAJ organized and sent to the Republic of Kazakhstan a three-man survey
team for the period from June 30 to September 9, 2001. The field survey was
completed as scheduled, in close collaboration with the Kazakh government agencies
concerned and the Committee of Geology and Underground Resources Protection, the
Ministry of Energy and Mineral Resources of the Republic of Kazakhstan.

This Report summarizes the results of the Phase II survey and will form an
integral part of the final survey report to be elaborated.

We should like to take this opportunity to express our sincere gratefulness to
the Kazakh government agencies concerned for their valuable cooperation. We are also
thankful to the Japanese Ministry of Foreign Affairs, the Ministry of Economy and
Industry, the Embassy of Japan in Kazakhstan and persons concerned who have rendered
assistance and support for the survey.

March, 2002

M 14 ﬁl%

Takao Kawakami
President
Japan International Cooperation Agency

7@@%44;29\ 7M/r,u‘;ﬂ/
Naohiro Tashiro

President
Metal Mining Agency of Japan
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Fig.1 -2 Detailed Location Map of the Kokpetinskaya Area




PE3IOME

B HactosmeM Pe3tome BKpaTiie OMMCBIBAIOTCS PE3YAbTAThl UCCIEAOBAHUS HA BTOPOU rof,
MPOBEJECHHOTO B paMKax 3-leTHeil mporpammbl “OCHOBHOE TIeOI0ropa3BeJOYHOE HCCIEIOBaHUE IO
JMHUM OKa3aHMs COTPYJHHYECTBAa B OOJAcTH pa3paOOTKH NPHUPOJHBIX pecypcoB Ha KoKmeTHHCKOM
yuactke Pecriyonmnkm Kaszaxcran”, koropast ocymiecTBisieTcss Ha ocHOBaHMH “‘CornalnieHus mo oobeMy
reoJIoropa3BeJOYHbIX PaboT”, 3aKITIOUEHHOr0 MEXAy SIIMOHCKMM areHTCTBOM I10 MEXIYyHapOJHOMY
corpynaudectBy (JICA), SIMOHCKMM areHTCTBOM MeTaJLIonoObIBaroIeil mpoMeinuieHHOCTH (MMAJ),
KomuTeroM reomornm u oOxpaHbl Help MMHHUCTEpCTBA SHEPreTMKH W MUHEPAIBHBIX (OBIBIIETO

MuH#HCTepCTBa MIPUPOIHBIX PECYPCOB U OXPaHBI OKpyXaromie cpensl) Pecryonmuku Kasaxcran.

OCHOBHBIC eI OroBOPCHHOI'0 HMCCICHOBAHMUA 3aKIHOYAKOTCA B ONPCACICHUU TI'COJIOTHU WU
mponecca O6pa3OBaHI/I${ poccmneﬁ NIbMCHUTOBBIX MeCTOpO)KL[eHHfI " UX pacnpeacjiCHus Ha Ha3BaHHOM
y4JacTke, U, TEM CaMbIM, OKa34Tb Pecny6n1/11<e Kazaxcran cofieiicTBuE B pa3pa60T1<e 1 OCBOCHHU
OpUPOAHBIX PECYPCOB. Emé onHa ke Ienb MCCIENOBaHMUS 3aKI0YaeTcs B nepeaadye pa3jindHbIX
TEXHOJIOTUH COOTBECTCTBYIOIIIUM OpraHU3alusiIM PK B XO/IE COBMECTHOM pa6(m>1 B TCUCHHUC II€puoaa

OCYILECTBIIECHHS TAaHHOW MTPOTrPaMMBI.

B pamkax mccienoBaHus Ha TEKyIIUH (UHAHCOBBIN TOJ] OTHOCHTENFHO BCero KOKIEeTHHCKOTo
yuactka (oOmieil ruromaneio 256 KB. M) OBUIM OCYIIECTBICHBI COOp CYMIECTBYIOIIMX TEXHHYECKHUX
JTaHHBIX W WH(OpMAaIUK, WX aHaJW3 W TEONOTHYecKas pa3Benka (MpeaBapUTEIbHO-IIPEIIN3HOHHAS).
[Momumo 3TOTO0, OBUTO OCYIIECTBICHO pa3oypuBanue 20 ckBaXuH ¢ odmiel nyouHoi Oyperns 1033,0 m
B I0KHOU 4Yacté bekremupckoin pocceimu Nel, 25 ckBaxkuH ¢ o0miei rryouHoi Oypenust 903,5 M B
I0KHOW 4actu bekremupckoit pocceimrn Ne3 m 5 ckBaxwH ¢ obmieit riryomnoit Oypenus 335,0 M B

CeBEepHON YacTH bekremMupckoro paioHa.

OOmrast reonorusl Ha JaHHOM YYacTKe, B OCHOBHOM, COCTOWUT M3 IUIACTOB, OTHOCSIIHMXCS K
KaMEHHOYTOJIbHOMY TEpUOJy M BTOPTHYBIIMXCS B STH IUIACThl MHTPY3UBHBIX PA3IMUHBIX TPAaHUTHBIX
MOpOJ, a TaKXKe MOKPHIBAIOUIUXCS MEPBble ApalbCKUX CIIOEB TPETUYHOIO U YETBEPTHUHOIO MEPUOOB
KalfHO30MCKOW »pel. B Xome wccimemoBaHWs OBUIO BBIICHEHO, YTO TPAHHUTHBIE MOPONBI, IO HUX
XUMHUYECKOMY COCTaBY, pa3AelsioTCs Ha TPaHUT U MOHI[OHUT — JMOPHUT, a TakXKe YTO 3TH IOPOIBI
cozepKaT Hempo3padHble MUHEpaibl, Takue kak wibMeHHT (Ti 35%), TuTaHocomepkamuii MarHeTUT
(Ti 1,5 - 14%) u maraetut (Ti 0%), 1 9TO CpeAr MOHIIOHUTO — IUOPUTHBIX ITOPOJ TE TTOPOJHEIC TN
C HHU3KOH HAMAarHUYEHHOCTEIO COZIEpKaT OONbIe MIBMEHHT, YeM OCTajlbHbIC. [Ipemonaraem, 9to Takue
HEempo3pauHble MUHEPaJbl OTAEIMINCH MO BO3AEHCTBUEM XHMHUYECKOTO BHIBETPHUBAHUS B BIIAXKHBIX U
TEIUIBIX KIUMAaTHYEeCKUX YCIOBUSAX B KOHLE BepxHeMenoBoro mnepuoma (140 miuH. JeT Haszan) #
CKOHIIEHTPUPOBAJIHCh B TPOQWIBHBIX BIAJHHAX B TOPOJHOM OCHOBAHHHU (ITAJIEOTCOIOTHISCKUX

KaHaJlax ) Ipy OCaXJIEHUU ApalIbCKUX CIIOEB B HEOreHOBOM nieprof (40 MITH. JIeT Ha3am).
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PasBenka c pa3OypuBaHWMEM CKBaXHMH II0Ka3ajia, YTO MECTOPOXICHHE B FOXKHOW YacTH
Bexremupckoit pocceinu Nel umeer tonuuny 1,8 — 10,0 M, mmpuny e menee 1000 M, konuyecTBo
YBEIMYUCHHS PYAHBIX 3aacoB 6,5 MITH. Ky0. M, 3arachl WIIbMEHUTOBOW Pyabl 857 ThIC. TOHH CO CPEIHUM
ColepXKaHUeM 4HCTOoro mibMeHuTa 132 kr / Ky0. M, KodddunneHt Bckpeitus 8,3. Ha Bbexremupckoit
pocchin Ne3 pacrolioKeHHbIE MapajuleNbHO JpPYr JPYry JBa MECTOPOXKIEHHUS HMEIOT LIUPUHY
npumepHo 200 M, COOTBETCTBEHHO, U SBJISIFOTCS MEHBIIMMHU IO MaciuTaly, 4eM TO Ha pocchimb Nel.
TomnpHa JAHHOTO MECTOPOXKACHHUS cocTaBisaeT 1,5 — 4,4 M, 00beM MOTEHIIMAIbHBIX 3aI1acoB — 3,8 MITH.
Ky0. M, 00BbEM 3ar1acoB MIBMEHUTOBOH pyabl — 493 ThIC. TOHHBI CO cpenHUM conepskanneM 130 xr / kyO.
M, a ko3 urmenT BekpeiTas — 9,7. IlonpobHOE onpeneneHre o0beMa 3amacoB pyasl B CEBEPHON 4acTH

BeKTeMI/IpCKOﬁ POCCHIITN HE TPOBOAUJIOCH C YUCTOM HHU3KOI'O CPEAHETO COACPIKAHUS NIIbMECHUTA.

B OCHOBHOM,  WJIBMEHUTOBEIC  POCCBHITHBIE  MECTOPOXKICHUS  oOpasyercs B
MaJIeOreoNOrMYeCKuX KaHajlax B MOPOJHOM OCHOBaHUM Apanbckoro cios. ClieaoBaTeiabHO, MOXHO
CKa3aTh, YTO BBIJCICHUE MANICOreOIOrnIeCKUX KaHAIOB 00ECICYUT BOSMOKHOCTE OMPEIEIICHHS] HOBBIX
(Ipyrux) MecT, TIe C BBICOKOH BEPOSATHOCTBHIO 3apOXKAAIOTCS PyOHBIE MecTopoxkaeHus. [lo Oomee
BEPXHEMY MOTOKY HaXOAATCS AUOPUTHO — MOHIIOHUTHBIE TIOPOJIBI, KOTOPBIE XapaKTEPU3YIOTCs] BEICOKIM
CoflepIKAHMEM WIBMEHHTA, W OKH/IACTCS HAXOXKJICHHE TOPOJ ¢ HAMATHMYEHHOCTBIO He Gomee 1 x 10°

S.I.U. 1 HU3KUM COACPKKAHUEM MArH€TuTa WM TUTAHOCOACPKAIICTO MarHe€TUTa.

ToBops 00 oOmeM HampaBICHHSX HCCIENOBAaHUS HA TPETHH TOA, MBI CUHTaEM
[eNecoo0pa3HbIM POBECTH JIOTIOTHUTEIBHYIO pa3BenKy ¢ OypeHHeM CKBa)kMH (ITOAPOOHYIO Pa3BENKY)
B IOKHOH 4YacTH BeKTeMHpCKOro pocCCHITHOrO MecTopokiacHus Nel, KoTropoe, JOIKHO OBITh,
MPONIOJDKATHCS eIIE I0YKHEe, U B I0KHOM 4acTh bekreMHpCcKOro pocchlmHOro MectopoxaeHus: Ne3, or
KOTOPOrO MOXXHO OXHJaTh JOBOJBHO OONblIME MOTEHIMAJbHbIE pyAHblE 3amacbl. IloMUMO 3THX
MECTOPOXKICHUN, HEOOXOMUMBIM CUMTAEM IPOBEICHUE JOMOMHHUTEIFHON pa3BeIKH C OypeHueMm
CKBaXXMH B BOCTOYHOH 4yacTH bexkTeMHupcKoro pocchiHoro MectopoxiaeHuss Nel u ceBepHOil wactu
Bexremupckoro pocceiHoro mecropoxkaenust Ne2 (paiion benoe), rae mpeanonaraercss HaxOXISHUE

IaJICOrcoJIOrt4€CK1MX KaHalJloB.

B KapaorkensckoMm paiioHe HEOOXOIMMO B JalbHEHIIEM BBIICIUTH MOWMEHHBIE OONMoTa U
MaJeoreoNOrnueckue KaHallbl, HMEIOIIHME COOTBETCTBYIOIIME XApaKTEPUCTHUKU M, TEM CaMbIM,
00ecIIeyuTh BO3MOXKHOCTH IPOBECTH TEPEOICHKY YK€ pPa3BENAaHHBIX WIBMEHHUTOBBIX POCCHITHBIX
MecTopoxaeHnil. Kpome Toro, pexkomeHiyercsi MPOBECTH TMOUCKHM M IPEIBAPUTEIbHYIO OLIEHKY
pPa3MUYHBIX palioHOB 1O Bced Teppuropun PecrmyOonmku KazaxcraH, KOTOpbIE HMEIOT HCTOPHIO,
MOAOOHYI0 HCCIEMyeMBIM B paMKaxX Halleld TeKymed paOoThl, ¢ IENbl0, YTOOBI HAWTH JpyTHE

HNIJIIBMEHUTOBBIC POCCBIITHBIE MECTOPOXICHU .

(2)



SUMMARY

This survey was undertaken as a second-year survey in “Basic Resource Development
Cooperation Survey: Kokpetinskaya Area of Republic of Kazakhstan” that was started as a
three-year project in 2000 based on the Scope of Works concluded between the the
Committee of Geology and Underground Resources Protection of the Ministry of Energy and
Mineral Resources, Government of the Republic of Kazakhstan, and Japan International
Cooperation Agency/Metal Mining Agency of Japan.

The survey aims at analyzing geology in the survey area that contains ilmenite ore beds of
the drift sand type and ore bearing condition of the ore beds, to support resource
development by the Republic of Kazakhstan. The survey also aims at transferring
technology to the counterparts of Kazakhstan during the survey period.

In Phase II, public data of the entire areca of the Kokpetinskaya Area (256km?) was
collected and analyzed. A geological survey (semi-detailed survey) was conducted in the
area. Boring surveys were conducted in the southern flank of Bektimir Placer No. 1 (20
drill pits, 1033.0m in drilling length), southern flank of Bektimir Placer No. 3 (25 drill pits,
903.5m) and northern flank of Bektimir (5 drill pits, 335.0m).

This area consists of Carboniferous Period layers and granitic rocks that intrude into them,
as well as Aral Formation of the Tertiary Period in the Cainozoic Era and Quaternary-Period
layers that cover them. Based on chemical compositions, granitic rocks could be classified
into granite and monzonite - diorite. The surveys showed that the area contained ilmenite
(Ti 35%), titanic magnetite (Ti 1.5 to 14%), and magnetite (Ti 0%) as opaque minerals and
that more ilmenite was contained in rock bodies of monzonite - diorite that showed a low
magnetic susceptibility. It is estimated that opaque minerals were separated by chemical
weathering under wet and warm climate at the end of early Cretaceous Period (about 140
million years ago) and were thickened in furrows (palaeo-landform channels) of the bedrock
when the Aral Formation was deposited in the Neogene Period (about 40 million years ago).

The drilling surveys showed that the southern flank of Bektimir Placer No. 1 was 1.8 to
10.0m thick, more than 1000m in width, 6.5 million m® in ore reserves potential, 857,000t in
ilmenite ore reserves, 132kg/m3 in ilmenite content and 8.3 in stripping ratio. In the
southern flank of Bektimir Placer No. 3, the widths of two parallel ore deposits were about
200m and were narrow compared with that of Placer No. 1. Placer 2 was 1.5 to 4.4m thick,
3.8 million m’ in ore reserves potential, 493,000t in ilmenite ore reserves, 13Okg/m3 in

ilmenite content and 9.7 in stripping ratio. The grade of ilmenite-thickened seams in the



northern flank of Bektimir was low and ore reserves calculations of it were not made.

Ilmenite placer deposits are contained in palaeco-landform channels of the bedrock of the
Aral Formation. Seams with high possibilities for deposition of new ore deposits can
therefore be extracted by extracting palaeo-landform channels. When exploring such seams,
upstream areas of them should preferably be rock bodies of diorite - monzonite, containing a
high proportion of ilmenite but less magnetite and titanic magnetite. The magnetic
susceptibility of them should preferably be less than 1 x 107 S.I.U..

As a survey policy for Phase III surveys, additional drilling (detailed survey) of the
southern flank of Bektimir Placer No. 1, for which a further extension of ore deposits is
expected, and the southern flank of Bektimir Placer No. 3, where sufficient potentials are
expected, is desired. Palaeo-landform channels are anticipated in the eastern flank of
Bektimir Placer No. 1 and the northern flank of Bektimir Placer No. 2 (Beloe District) as

other potential districts. A drilling survey of these districts is deemed preferable.
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PART 1

GENERALITIES



Chapter 1 Introduction

1-1 Antecedents of the Survey

This survey was undertaken as a second-year survey in continuation of a mineral
resource survey conducted in the Kokpetinskaya area in 2000 based on the Scope of Works
concluded between the Governments of the Republic of Kazakhstan and Japan on June 6,
2000, at a request of the Government of the Republic of Kazakhstan.

The survey aims at analyzing geology that contains ilmenite drift-sand ore beds in the
survey area shown in Fig. I-1 and reserves of drift-sand ore beds, to support resource
development by the Republic of Kazakhstan. The survey also aims at transferring
technology to the Committee of Geology and Underground Resources Protection,
the Ministry of Energy and Mineral Resources and the East Kazakhstan Geology Bureau,
which are counterpart organizations in the Republic of Kazakhstan, during the survey
period.

The Republic of Kazakhstan is known for her rich subsurface resources and many of
her metallic resource reserves are very large by a world standard. Ten years after the
independence of the republic, the nonferrous metal industry of the country is registering a
prominent growth, mainly in gold, titanium (sponge titanium), zinc and copper ores through
technology transfer and introduction of new management techniques in conjunction with
investments by overseas corporations. A new chromium mine has started its operation. In
2001, the nonferrous metal industry registered a growth of 14% over the preceding year.
The republic has many other ore beds with a high future potentiality and the industry is
expected to register a further growth. Among these metals, the production of sponge
titanium increased 75% over the preceding year and ranked fourth in the world. The
Republic of Kazakhstan ranks sixth in the production of magnesium ore, which is a
by-product of sponge titanium, in the world.

Reserves potentials of titanium resources in the survey area have been regarded
promising from early on. A large-scale titanium refining kombinat with new electric
furnaces has been put into operation by Ust-Kamenogorsk Titanium Manganese Kombinat
(UKTMK) in Ust-Kamenogorsk, about 150km north of the survey area. In case reserves
that are high in commercial value are found in this area, ilmenite as a titanium raw material
can be supplied to the area and these reserves can be developed relatively easily. At
present, the kombinat imports ilmenite and other titanium raw materials from Russia and

other countries and is spending an effort in developing titanium resources in the republic,



which are more attractive in acquiring foreign currencies. This survey was requested under

these backdrops.

1-2 Outline of the Phase II Survey
1-2-1 Survey area

The Kokpetinskaya area is located in the Kokpetinskiy district, about 750km northeast
of the former capital Almaty and about 150km south of Ust-Kamenogorsk, which is the
provincial capital of East Kazakhstan Province. The Year-2 survey district is located in the
Bektimir district within the area. The area contains communities such as Beloe, Koitas and
Prebrazensky Villages (See Fig. I-1).

The landform of the survey area is hilly land about 500m in altitude and most of it is
almost flat, with gentle inclination only in some parts of it. The area is covered by
cultivated fields for wheat, sunflowers and other crops and meadows. Paved and partially

unpaved roads are developed, crossing flat hilly land.

1-2-2 Contents of the survey
In Year 2, public geological information was collected and analyzed and a geological
survey was conducted in the survey area and an area 350km” north of the survey area. A
driling survey was also made in three districts in the survey area (Southern Flank of
Bektimir Placer No. 1, Southern Flank of Bektimir Placer No. 3 and Bektimir Northern
Flank). A total of 50 pits were drilled, totaling 2,271.0m in length.
1) Analysis of Public Geological Information
(1) Purpose of the analysis
The Year-1 survey showed that ilmenite drift-sand ore beds deposited under riverbeds
of old gorges and in flat land under lakes. The survey in Year 2 was undertaken to
understand the palaco-landform when the deposition was formed.
(2) Analysis method
A detailed subsurface contour map of the bedrock surface of the pre-Tertiary-Period
layer, which is the foot rock of ilmenite drift-sand ore beds, was prepared. A subsurface
contour map of the bedrock surface of a pre-Quaternary-Period layer was also prepared.
To prepare these maps, depth data of the bed rock of the Pre-Tertiary Period and depth
data of the Quaternary Period at about 1,600 points was collected from a collection of
driling geological cross sections prepared by the counterparts in Kazakhstan for

geochemical exploration of bed-rock weathered crusts near Bektimir ore beds in the



Kokpetinskaya area. Geological history bibliographies of paleoclimate, sedimentary
environment and other subjects of wide areas including the survey area were collected.
(Erofeyev, 1969, and others)
(3) Execution locations

The analysis was conducted in Kazakhstan and Japan.

2) Geological Survey

(1) Purpose of the survey

The survey was conducted to understand the geology and geological structure of
ilmenite-origin rock areas and ilmenite drift-sand ore beds and to analyze, based on
results of this survey, the outline and economical feasibility of the ore beds in the survey
area.
(2) Survey method

As pointed out in Year 1, ilmenite in the Bektimir ore bed was estimated to have
originated from granitic rocks of the Preobrazhenskiy intrusive rock body. Zonation of
granitic rocks with a high content of ilmenite became necessary. For this purpose,
magnetic susceptibility was measured at 512 points and a whole rock analysis and trace
component analysis of 25 rock were made. In a driling survey, the development status of

ilmenite ore bodies was surveyed in the Bektimir District 3.

The following geological reconnaissance survey was conducted in the entire

Kokpetinskaya area (256km?).

Table I -1-1 Outline of the Survey (1)
Survey Nature Survey Type and Survey Quantity

Geological survey (Semi-reconnaissance survey)
Survey Quantity Area: 256 km®
Reconnaissance length: 100 km
Geological Survey
Driling Survey (See Appendix 3.)
Total length: 2,271 m
(50 pits)

The reconnaissance survey was conducted using a topographic map on a scale of
1/25,000 and the survey results were plotted on a geological map on a scale of 1/25,000.
The driling result was plotted in a driling-core columnar section on a scale of 1/200.

The driling survey result was plotted on a geological section for each exploratory



traverse line.

Concurrently with the geological reconnaissance survey and driling survey,
laboratory tests were performed to the extent shown in Appendix 2-1, for reflection on
the analysis.

3) Driling Survey
(1) Purpose

The driling survey was conducted to capture and determine the development status of
ore bodies in the extended areas south of the Bektimir Placers No. 1 and 3, which are
known ore beds, and in north Bektimir.

(2) Driling Locations and Survey Quantities
The driling survey was conducted in the locations shown in Fig. 1I-3-1. The survey

quantities are shown on the following pages.

(3) Field survey
The drilling was performed by employing GEOINCENTRE, a local driling company.
After appraisal and photographing, cores were sampled in the quantities shown in
Appendix 2-1, followed by laboratory tests. The core appraisal results were plotted

on columnar sections in the scale of 1/200.



Table I -1-1

Outline of the Survey (2)

District Tesﬁ}?rlll Azimuth Inclination ]:l')Jrelrlllg,:?hg
MJBK-18 - -90° 30.0m

MJBK-19 B -90 44.0m

MIBK-20 - -90 37.0m

MJBK-21 - -90° 43.0m

MJBK-22 - -90° 65.0m

MJBK-23 - -90° 60.0m

MJBK-24 - -90° 58.0m

o MIBK-25 - -90° 43.0m
Bektimir MJBK-26 — -90° 50.0m
(Southern Flank of MJIBK-27 _ -90° 50.0m
Placer No. 1) MJBK-28 - -90° 54.0m
500m x 200m Grid MJBK-29 - -90° 58.0m
MIJBK-30 — -90° 60.0m

MJBK-31 — -90° 51.0m

MIJIBK-32 — -90° 58.0m

MIJBK-33 — -90° 53.0m

MIJBK-34 — -90° 60.0m

MJBK-35 — -90° 60.0m

MIJBK-36 - -90° 51.0m

MJBK-37 _ -90° 48.0m

Total 20 Pits 1,033.0m
MJBKS-1 B -90° 40.0m

MJBKS-2 B -90 40.5m

MIJBKS-3 B -90° 35.0m

MJBKS-4 - -90 31.0m

MIBKS-5 - -90 32.0m

MJBKS-6 - -90° 42.0m

MJBKS-7 - -90° 33.0m

MJBKS-8 - -90° 30.5m

MIBKS-9 - -90° 29.0m

MIBKS-10 - -90° 25.0m

Bektimir MIJBKS-11 — -90° 35.0m
(Southern Flank of | MIBKS-12 - -90° 39.0m
Placer No. 3) MIJBKS-13 — -90° 34.0m
MJBKS-14 — -90° 37.0m

400m Spacing MIJIBKS-15 — -90° 33.0m
MJBKS-16 — -90° 45.0m

MJBKS-17 — -90° 40.0m

MIJBKS-18 — -90° 40.5m

MIJBKS-19 — -90° 35.0m

MIJBKS-20 — -90° 43.0m

MJBKS-21 — -90° 37.0m

MIJBKS-22 — -90° 32.0m

MJBKS-23 _ -90° 40.0m

MJBKS-24 _ -90° 41.0m

MIJBKS-25 — -90° 34.0m

Total 25 Pits 903.5m
Bektimir MJBKN-1 — -90° 67.0m
(Northern Flank) MJBKN-2 — -90° 70.0m




MJBKN-3 — -90° 68.0m

1000m Spacing MJBKN-4 — -90° 60.0m
MJBKN-5 — -90° 70.0m

Total 5 pits 335.0m
Total 50 pits 2,271.5m

1-2-3 Organization of the survey team
Those who participated in planning, negotiations and field survey of this survey are as
follows:

1) Survey Planning and Negotiations

Japanese Members Kazakhstani Members
Name Organization Name Organization
C.G.U.R.P
Toshio Sakarasegawa Metal Mining M. Saiduakasv
(Team Leader, Coordination) Agency of Japan
Masayuki Chiba Japan International A. M. Zhylkaidarov C.G.U.R.P
(Work Supervision) Cooperation Agency
Keita Kanda Metal Mining S. B. Berikbolov C.G.U.R.P
(Geology) Agency of Japan
Hiroyoshi Okishima Same as above
(Mining Situation)

2) Field Survey Team

Japanese Members Kazakhstani Members
Name Organization Name Organization
Mitsui Mineral C.G.U.R.P
Atsushi Gomi Development M. Saiduakasv
(Team Leader) Engineering Co., Ltd (General)
Yoshiaki Ishizuka Same as above A. M. Zhylkaidarov C.G.U.R.P
(Driling) (General)
Toshio Inoue (Driling) Same as above Dmitrij Titov East Kazakhstan
(General) Geology Bureau
Same as above Ivan Vorontsov (General) Same as above
E. M. Selifonov (General) GEOINCENTRE
I. E. Selifonov (General) Same as above
E. G. Maksimov (Geology) Same as above
V. Y. Pashov (Geology) Same as above

C.G.U.R.P. Tthe Ministry of Energy and Mineral Resources and the East Kazakh,

The Committee of Geology and Underground Resources Protection

3) Field Work Supervision

Hiroyoshi Okishima Metal Mining Agency of Japan July 25 and 26, August 27 to
29,2001
Tadashi Ito Metal Mining Agency of Japan July 25 and 26, 2001



1-2-4 Period of the survey

Task 2001 2002
Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Dec. | Jan. | Feb. Period
Planning and _ June 29 -
Preparations 29 June 29

30

. June 30 -
Field Survey 9 Sept. 9
Test and
Analysis > Aug. 5 -
b Jan. 15
Report 10 Aug. 15 -
Compilation 30 Jan. 31




Chapter2 Geography of the Survey Area

2-1 Location and Access
The survey area is located in the Kokpektinskaya area, which was surveyed in Year
1, and administratively belongs to the Kokpektinskiy district of East
Kazakhstan Province (See Fig. 1-1-2). Table I-2-1 presents coordinates of
each angular point of the survey area.

Table I -2-1 Geographic Coordinates of the Survey Area

Angular Coordinates(WGS-84)
point
s of
Area’s Northern latitude Eastern longitude
cont
our
| 48°44°01.70” 82°58°58.29”
2 48°47°57.98” 82°49°13.42”
3 48°48°37.59” 83°03°14.25”
4 48°40°48.47” 82°55759.58”
5 48°50°52.91” 82°57°39.92”
6 48°46°16.81” 82°53°24.27”
7 48°44°44 49” 82°46°15.09”
9 48°46°02.53” 82°47°30.24”
10 48°53°56.77” 82°42°15.15”
11 48°47°15.17” 82°51°41.49”
12 48°55’09.59” 82°46°26.94”

The population density is high in Preobrazhenka Village in the west of the survey area
and Beloe Village in the northeast. Trekti and Koitas Communities are located near
Bektimir Placer No. 1, which is the major ore bed.

The survey team members stayed in Beloe Village during the survey. The village is
located northeast of the survey area and is connected to Ust-Kamenogorsk, the provincial
capital, through the Kokpekti/Samarskaya/Ust-Kamenogorsk Road (224km), which is the
major road on the eastern flank, and through the Kokpekti/Georgievka/Ust-Kamenogorsk
Road (200km) on the west. These roads can be used throughout the year, except for
sections of the roads in the mountainous areas that are closed due to snowstorms and
avalanches.

A network of unpaved roadways is built connecting many communities in the survey area.

2-2 Topography and Drainage Systems
1) Landform



The landform of this area belongs to the northwestern edge of Basin Zaysanskaya.

The northwestern edge of Basin Zaysanskaya is flat land south of Podgornoye, Beloe
and Marinogorska Villages. The land is exposed with weathered residual hills of the
sedimentary rocks and pyroclastic rock of Carboniferous Period that were subjected to
contact metamorphism when they contacted Preobrazhenskiy and Karaotkelskiy
intrusive rock bodies in the Quaternary Period. The altitude of the area is 650m in
hilly land in the north and northwest parts and 450 to 480m in flat land in the south of
the driling survey area (Southern Flanks of Bektimir Placers No. 1 and No. 3 and
Northern Flank of Bektimir).

2) Drainage System

The survey area is situated on the left bank of the Irtysh River (currently Zaysan
Reservoir). The Tentek river flows the survey area from northwest to southeast
through Preobrajenka Village. The Espe river in the northeast of the Preobrazhenskiy
rock body flows from northwest to southeast through Beloe Village. The Bektimir
river in the southwest of the rock body flows from northwest to southeast through
Koitas Village.

The river-flooding season in the piedmont areas is April to June, while April and
May are the flooding season in the downstream. Beginning June, surface water no
longer flows. The rivers are frozen beginning end November - end December and ice

melts in April.

2-3 Climate, Fauna and Flora
1) Climate

The climate in the survey area is a mixture of Mongolian-type continental, Central
Asian step/semi-desert and west Siberian-type continental climates. Daily, seasonal
and annual variations of air temperature are prominent and the humidity is low.

Principal meteorological data is shown in Table I-2-2.

The weather in winter is generally fair. The coldest month is January, with
minimum air temperature reaching -36 to -45°C. Snowfall starts around October 20
and heavy snow falls beginning November. The surface soil freezes down to 1.5m in
depth and the ground is covered with snow to depths of 0.9 to 1.1m. Days with
continuous snow cover total 150 to 160 days per year. During winter, north winds and
east winds 4 to 7m/s in wind velocity blow many days. Snowstorms are frequent,

reaching 3 to 15 days per month (10 days on average). Snow begins to melt end

-10-



March to early April.

The weather in summer is generally fair. Air temperature during the day fluctuates
prominently. In July, when it is most warm, air temperature rises to 35 to 42°C. The
amount of rainfall during summer accounts for 30 to 40% of the annual amount of
rainfall. Rainfalls are mainly heavy rains that accompany thunders, but flood damage
is rare. The dry season from spring through summer runs one or two months.

April to mid-October is suitable for outdoor work.

2) Animals and Plant
(1) Plants

Vegetation is varied. In addition to natural vegetation, the ground is cultivated land,
forestation land, grassland and pastures.

Many thickets grown with sedges and rushes, marshes and cultivated land are found
along the rivers in the northwestern edge of Zaysanskaya Basin.

(2) Animals
Black grouses, hazel grouses, wild quails, wild pigeons, foxes, wolves and snake

inhabit in mountainous and low mountainous areas.

-11-
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Chapter 3 Existing Geological Data on the Survey Area

3-1 Outline of Previous Surveys
1) Geological Surveys

G. 1. Sokratov prepared a geological map for the M-44-XXIX sheet format in
1:200,000 in 1964 and sheet format descriptions in 1965 (Refer to Year-1 Report.).
In 1963, B. F. Baranov, et al., prepared a geological map for the M-44-XXX sheet
format. In 1961, N. N. Popova, et al., prepared a geological map (M-44-XXIX) sheet
format and sheet format descriptions.

In 1964 to 1968, an Altai geological and physical exploration unit conducted
magnetic exploration and electrical exploration in 1:50,000. Promising ore beds could
not be detected in these explorations. In 1969, V.S.Erofeyev compiled a geological
history of the Tertiary Period of South Altai including the survey area.

2) Ore Bed Surveys

In 1965 to 1967, a nonmetallic material geological unit drilled for coal beds and
found Karaotkel ilmenite and zircon ore beds. In 1972, initial exploration was
conducted. In 1983 to 1989, GIREDMET reassessed ore reserves. In 1990, the
National Ore Reserves Commission approved recalculated ore reserves. However,
development was not undertaken.

In 1988 to 1992, an Altai geological exploration unit conducted geochemical
exploration in the Karaotkel ore bed area and found Bektimir ilmenite placers in 1989.
In 1990 to 1995, ilmenite ore beds (Bektimir Placers No. 1, 2 and 3) were found near
the Preobrazhenskiy composite rock mass during driling.

In 1997 to 1998, the Bektimir Placer No. 1 was assayed, confirming 9,269,000m3 in
ore reserves, 1,634,000t in ilmenite and 176.3kg/m3 in average ilmenite content. In
1998 and 1999, 11,958,000m3 in ore reserves, 1,815,000t in ilmenite and 151.78kg/m3
in average ilmenite content were confirmed.

In 1999, a feasibility study for an ilmenite concentration plant project of the
Bektimir placers was conducted by UNIDO. In August 2001, the Titanium
Magnesium Kombinat built a pilot concentration plant in Kaznakovka, supplying

ilmenite ore from a test pit drilled 4km east of Koitas.

3-2 General Geology and Geologic Structure
1) General Geology

-13-



The order of stratification in the survey area consists of pre-granitic rocks (Carboniferous

Period stratum), granitic rocks intruded into them, Aral Formation of the Tertiary Period in

the Cainozoic Era covering them without conformity and Quaternary-Period layer that

covers all of them without conformity. Weathered crusts are widely developed in the bed

rock of Aral Formation of the Tertiary Period.

(1) Pre-granitic rocks

The geology in the area consists of sedimentary rocks (shale, sandstone and
conglomerate), pyroclastic rocks and lava (andesite and ¥ %5). From the bottom, the
layers are the lower Carboniferous Period Arkalyk layer (sedimentary rocks, pyroclastic
rocks and limestone), lower Carboniferous-Period Kokpekti layer (sedimentary rocks,
pyroclastic rocks and limestone), middle Carboniferous Period Bukon layer (conglomerate,
sandstone and shale - the upper seam is shale, coaly shale, sandstone and tuffaceous
sandstone), and middle-upper Maityab layer (andesitic ¥} %5 sandwiching tuff and
tuffaceous sandstone, andesite and, rarely, basaltic and diabasic ¥} %). The survey area
is distributed with Kokpekti, Bukon and Maityab layers.

(2) Granitic rocks

The area is distributed with Preobrazhenskiy composite rock mass, Karaotkelskiy
composite rock mass and dikes that intruded into a Palacozoic layer. These composite
rock masses are considered classifiable into Maksutskiy composite rock mass (early
Permian Period, late Triassic Period - gabbro, diorite and monzonite), Saikanskiy
composite rock mass (mid- to upper early Triassic Period - syenite, diorite and
monzonite) and Delbegeteyskiy composite rock mass (late to mid Jurassic Period, granite
and granitic syenite). Furthermore, granite porphyry, syenite porphyry, granodiorite and
aplite dike are intruded into the Palaeozoic layer and granitic rocks.

The survey area is distributed with Preobrazhenskiy composite rock mass. According
to geologic surveys and physical explorations, Preobrazhenskiy composite rock mass is in
the lopolith form. The exposed area on the ground surface of it is 164km? and it expands
to 340km” 3km underground. It is assumed to merge with the Karaotkel composite rock
mass, which is located next to it, into one rock mass.

Among granitic rocks, much TiO; is said contained in gabbro and monzonite, while
granite and syenite are said to contain much zircon.

(3) Bed-rock weathered crust
Bed-rock weathered crusts are kaolin, sericite and smectite clayey weathered remnants

developed on sedimentary rocks, volcanic rock and intrusive rock of the Carboniferous

-14 -



Period. Bedrock weathered crusts were formed by chemical weathering of moist and
warm climate at the end of early Cretaceous Period (about 140 million years ago).
(Erofeyev, 1969)
(4) Tertiary-Period Aral Formation

The Tertiary-Period Aral Formation covers pre-granitic rocks and intrusive rocks, as
well as their weathered crusts, without conformity. The layer consists of clay, sandy
clay and clayey sand comprising quartz, plagioclase, kaolin, smectite and sericite.
Ilmenite drift-sand ore beds are deposited in sandy clay to clayey sand that is located as
narrow seams in the bottom or seams near the bottom of this layer.
(5) Quaternary-Period layer

The Quaternary-Period layer consists of gravel, loam, clay and Recent riverbed
sediments that cover without conformity the Neogene-Period Aral Formation and directly

pre-granitic rocks and intrusive rock.

2) Geological Structure

The Kokpetinskaya area is located in an area where the Kazakhstani continent and the
old Gorny Altai continent collided. The collision took place during the latter part of the
Hercynian structure motion. The Baladzhalskiy Fault running in the WNW-ESE
direction passing Beloe Village in northeast of the survey area is part of this fracture zone
(See Fig. I-3-1.). The Lskiy Fault is considered a path of magma and the intrusion of the
Preobrazhenskiy and Karaotkelskiy composite rock masses is considered related to this
fracture zone.

The survey area is bordered by the Baladzhalskiy Fault on its northeastern flank and by
the South Terektinskiy Fault on the southwest flank. The Preobrazhenskiy composite
rock mass intruded into the Bektimirskaya ridge anticline situated in the middle of them.

The Bektemirskiy Fault and Espinskiy Fault, which are cracks running in the
NEN-SWS direction, are considered lateral faults or faults with less dislocation. These
faults cut the Carboniferous Period layer made up of the Preobrazhenskiy composite rock
mass and pre-granitic rocks. Palaco-landform channels deposited with some ilmenite
sand ore bodies were believed formed along these weak lines. These palaco-landform
channels change to the NW-SE direction near the Baladzhalskiy Fault running in the
WNW-ESE direction and the South Terektinskiy Fault because of dominant cracks in the
NW-SE direction.

The Tertiary-Period Aral Formation is a generally flat stratum and covers
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Preobrazhenskiy composite rock mass and pre-granitic rocks.

The Quaternary-Period layers are also generally flat strata and cover the
Tertiary-Period Aral Formation. Recent rivers are located in locations that relatively
well overlap with palaeo-landform channels of the Tertiary-Period Aral Formation bed

rock.
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Chapter 4 Overall Review of the Survey Findings

4-1 Geology and Geologic Structure

The survey in Year 1 led to the assumption that ilmenite was probably originated from
gabbro and monzonite among granitic rocks that comprise the Preobrazhenskiy composite
rock mass, which is exposed in the upstream.

The TiO; content of rocks is decided by amounts of titanium ores such as ilmenite that are
contained in rocks. It could be ascertained that monzonite - diorite containing more than
1% of TiO, and granite containing less than 1% of TiO; can be clearly segregated by rock
compositions (main components, norm minerals and trace components). Generally, TiO; of
rocks in magmatic differentiation is smaller more advanced magmatic differentiation of
rocks is.

It could be ascertained that opaque minerals contained in granitic rocks contained
ilmenite (Ti 35%), magnetite (Ti 0%) and titanic magnetite (Ti 1.5 - 14%). Origin rocks of
titanium drift-sand ore beds should preferably contain only ilmenite. Mixture of magnetite
or titanic magnetite may lower the Ti content of ore beds. Much ilmenite is contained in
the southeastern flank of the Preobrazhenskiy composite rock mass, while the proportions of
magnetite and titanic magnetite are high in the northwestern flank. The southeastern flank
is considered more promising as an ore bed of origin rock.

Granitic rocks with high proportions of magnetite and titanic magnetite are believed to
show high magnetic susceptibilities on the ground surface. Therefore, granitic rocks higher
than 1107 (S.I.U.) in magnetic susceptibility distributed in the northwestern flank of the
Preobrazhenskiy composite rock mass are believed to overlap with rock mass that contains
much magnetite or titanic magnetite. Speaking of components of iron sand produced in
Japan, acidic iron sand derived from granite contain less titanic minerals, while basic iron
sand contain much titanic components. Residual iron sand remaining at sites especially
contained titanic minerals in high proportions (Miyamoto, 1960).

A subsurface tectonic line map of the palaco-landform of the foot rock under the ore beds
was prepared. Through this map, many channels of palaco-landform that originate in areas
distributed with granitic rocks could be extracted. Gorges of them were formed about 40 to
50 million years ago when old climate repeated high-temperature moist and dry climate.
At that time, rocks became clayey due to weathering along structurally weak lines. During
floods, water carried ilmenite sand and eroded land to form the gorges. All known ilmenite

drift-sand ore beds are deposited in these palaeo-landform channels. An analysis of
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distribution of ilmenite grain size shows that coarse ilmenite is concentrated in the centers
of the gorges of the palaco-landform channels, whereas ilmenite is distributed mainly around
the gorges, supporting the existence of palaeo-landform channels.

As main weak lines in the survey area, the Baladzhalskiy Fault runs in the northeastern
flank of the area in the WNW-ESE direction and the South Terektinskiy Fault, on the
southwestern flank. Between these two faults, a crack in the NEN-SWS direction cuts the
Carboniferous Period layer made up of the Preobrazhenskiy composite rock mass and
pre-granitic rocks. The palaco-landform channels that were assumed formed along these
weak lines are believed dominant in hills in the NEN-SWS direction. However, they are
estimated to change in the NW-SE direction in plains as they approach the Baladzhalskiy
Fault and South Terektinskiy Fault. This indicates that a rapid change of palaeo-landform
channels in the NW-SE direction should be taken into consideration when surveying
ilmenite drift-sand ore beds in plains.

The foregoing survey results would infer the following conditions for existence of
promising ilmenite drift-sand ore beds:

(1) Origin rocks such as monzonite, diorite and gabbro, which are not advanced in
crystallization differentiation, are distributed in the upstream.

(2) In some areas the magnetic susceptibility is below 1X 107 S.I.U.

(3) Palaeo-landform channels.

Several areas meeting these conditions can be extracted from an area northeast to east of
the Preobrazhenskiy composite rock mass.

The survey of the Bektimir area has resulted in acquiring a technique that would enable
extracting promising ilmenite sand-drift ore beds by extracting hinterland with appropriate
properties and palaco-landform channels. Therefore, this technique can be applied to the
Karaotkel district to reassess ilmenite sand-drift ore beds.

The other areas of the Republic of Kazakhstan have possibilities for deposition of
intrusive rocks with chemical compositions similar to those of the Preobrazhenskiy
composite rock mass. Preliminary assessment should preferably be undertaken in areas
that have a similar geological history as that of the survey area to explore possibilities for

deposition of new ilmenite sand-drift ore beds.

4-2 Ore Deposits and Heavy Minerals
1) Economical Efficiency of Ore Deposits

The Republic of Kazakhstan has an index (a former Soviet Union standard) to gauge
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whether or not an ore body can be economically mined by open-cut mining. This index
shows that mining of only the ore bed found in Year 2 in the Southern Flank of Bektimir
Placer No. 1 will not be economical.

Table I1-4-1 Ilmenite Content and Maximum Economical Stripping Ratio

Average content of ilmenite Maximum economical stripping ratio
kg/m3 m’/m’
100 2.58
110 3.90
120 5.21
130 6.56
131.93 8.25
140 7.87
150 9.21

Ilmenite grains produced in Bektimir Placer No. 1 showed alteration along external edges
and cracks inside grains. Compared with unaltered seams, altered seams contained less Fe,
but more Ti. In powder X-ray diffraction analysis of ilmenite, diffraction lines that were
considered to be rutiles with a low crystallinity could be found in ilmenite. Judging from
these, it was estimated that ilmenite was oxidized while it was separated from granitic rocks
by weathering and was deposited and thickened. During this process, Fe would have been
leached and Ti would have been enriched. Based on this assumption, it would indicate that
ilmenite was separated from granitic rocks by weathering of the Bektimir Placer No. 1 and
that ilmenite was oxidized while it was deposited and thickened. Fe would have been
leached and Ti would have been enriched so that the TiO, content would be higher in this
ore bed, toward the downstream. Based on this, it will be necessary to calculate ore
reserves again after conducting a driling survey of the extensions of the parts where the
content would be high.

2) Quality of Ilmenite Concentrates

The quantity of ilmenite in the survey area is shown below. While the quality does not
meet the International Trading Standard, it meets the manufacturing requirements for sponge
titanium and titanium oxides in the Republic of Kazakhstan. (Japan International
Cooperation Agency and Metal Mining Agency of Japan, 2001) Compared with ilmenite
produced in Russia, ilmenite concentrates produced from Bektimir Placer No. 1 contain
more FeO, but less TiO,. However, they are almost equal in quality compared with

ilmenite produced in Capel, West Australia.
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El t TiOz FeO SlOz PZOS CI'203 V205
emen (%) (%) (%) (%) (%) (%)
Assay result 48.48~51.25 7.98~26.52 1.41~2.24 0.01~0.025 0.02~0.038 0.185~0.242
Average 50.31 18.01 1.80 0.02 0.03 0.21

International
Trading =54 28~32 =1.5 =0.05 =0.05 =0.1
Standard

4-3 Potentials as Ore Deposits

The foregoing survey results obtained in Years 1 and 2 would imply the following
conditions for existence of promising ilmenite drift-sand ore beds:

(1) Origin rocks such as monzonite, diorite and gabbro, which are not advanced in

crystallization differentiation, are distributed in the upstream.

(2) In some areas the magnetic susceptibility is below 1107 S.I.U.

(3) Palaeo-landform channels.

It is also important that prominent weathering took place in the geological history and
that denudation did not occur after ilmenite drift-sand ore beds sedimented.

The survey policies for each district in Year 3 are as follows:
1) Bektimir District

(1) Southern Flank of Bektimir Placer No. 1

The southern extension of Bektimir Placer No. 1 expands more than 1000m in ore bed

width and the extension direction of palaco-landform channels changes from NEN-SWS to

NW-SE with the result that the ore bed boundaries in the eastern direction of the portion

with a high content cannot be confirmed yet. It is possible that the TiO, content may
enhance toward the downstream from the upstream because Fe would leach and Ti would
enrich because ilmenite oxidizes as it separates from granitic rocks by weathering and
deposits and thickens. For this reason, additional driling should be conducted (a detailed
survey) and ore reserves must be reassessed. Adjacent to the eastern flank of
palaeo-landform channels where a driling survey was undertaken, other channels may
exist and an additional driling survey including this area is considered necessary.
(2) Southern Flank of Bektimir Placer No. 3

The driling survey in this year found ore beds in six of 25 pits and these ore beds were
found narrow seams. However, two pits were channeled in palaco-landform and
sufficiently high potentials can be anticipated.

Interpolation of the inferred two

palaeo-landform channels and survey of the upstream have not been undertaken yet. An
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additional driling survey for them is therefore deemed necessary.
2) North Bektimir District

According to the driling survey undertaken this year, the potential ore bearing depth of
this district is deep, more than 60m underground. Prominent thickening of ilmenite
could not be found. The granitic rocks in the hinterland showed a high magnetic
susceptibility. It appears that supply of quality ilmenite cannot be expected from this
district.

3) Other Districts
(1) Eastern Flank of Bektimir Placer No. 1

An analysis of public data in Year 2 shows that about two palaco-landform channels are
expected to exist in the area. A driling survey (reconnaissance survey) of these channels
will be necessary.

(2) Northern Flank of Bektimir Placer No. 2 (Beloe District)

An analysis of public data in Year 2 shows that two palaco-landform channels can be
expected to exist in the area. The downstream part of one of these two channels was
drilled as part of Bektimir Placer No. 2. Diorite - monzonite distribute in the hinterland
of the ore bed and there are some areas where the magnetic susceptibility is low. For
these reasons, existence of two palaeco-landform channels originating in this ore bed is
forecasted. A driling survey of these channels is considered promising.

(3) Karaotkel District

Ilmenite was found in the Karaotkel district in an early stage and ore reserves of it were
calculated in 1972 after driling exploration. However, the grade was low (ore reserves
147,579,000m3, ilmenite content 23.3kg/m3) and development was not undertaken.

However, a technique was shown with possibilities to find promising ilmenite
drift-sand ore beds in the survey of the Bektimir district by extracting a hinterland and
palaeo-landform channels that show suitable properties. It is desired that this technique
should be applied additionally to the Karaotkel district to reassess ilmenite drift-sand ore
beds, to extract deposits with a high content.

(4) Granitic rock in wide areas

There are possibilities that intrusive rock masses having chemical components similar
to those of Preobrazhenskiy composite rock mass exist in the Republic of Kazakhstan.
This means that there re possibilities for finding new ilmenite drift-sand ore beds in areas
that have had a similar geological history as that of the survey area.

It will be possible to expand application of the technique to other ore kinds that
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accompany granitic rocks, such as tin, tantalum, tungsten and rare earths. A assessment
can be undertaken through an analysis of literature and regional prediction surveys
(sampling, age measurement, analysis of trace components, laboratory tests of rocks and

minerals and other analyses and tests).
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Fig. I-4-1 Schematic Geological Map
of the Kokpetinskaya Area
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Chapter S Conclusion and Recommendations for the
Future

5-1 Conclusions
5-1-1 Geological survey
1) Geology
The order of stratification of this area consists of pre-granitic rocks (Carboniferous Period
layers), granitic rocks intruded into pre-granitic rocks, Aral Formation of the Tertiary Period
in the Cainozoic Era covering them without conformity and Quaternary-Period layers that
cover all of them without conformity. Weathered crusts are widely developed in the bed
rock of Aral Formation of the Tertiary Period.
(1) Pre-granitic rocks
The geology in the area consists of sedimentary rocks (shale, sandstone and
conglomerate), pyroclastic rocks and lava (andesite and porphyrite) of the

Carboniferous Period. The solidification indexes of pyroclastic rocks and lava are

18 or higher, while differentiation indexes of them are 50 or lower. Magnetite is

contained more than 1% as an opaque mineral.

(2) Granitic rocks

The area is distributed with Preobrazhenskiy composite rock mass, believed to have
intruded from the early Permian Period to the mid-Jurassic Period. The composite
rock mass is ilmenite-series granitoids. Granitic rocks that contain only less than 1%
of TiO; are close to Type S. Granitic rocks containing more than 1% of TiO, fall into
Type 1.

Granite is the bulk of the Preobrazhenskiy composite rock mass. It has a high alkali
content, but is lean in mafic. The solidification index is below 3, while the
differentiation index is 80 or higher. It contains less than 1% of TiO,. Monzonite -
diorite partially distribute near the center of the Preobrazhenskiy rock mass. They
conversely are lean in alkali, but are rich in mafic elements. The solidification
indexes of them are higher than 10, while the differentiation indexes are 60 or less.
They contain more than 1% of TiO,. It can be said that TiO, becomes lean higher the
magma crystallization differentiation is. Granite - diorite are clearly classified as

trace components also.
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Opaque-mineral modal ratios of granitic rocks are 0.7% or less with granite and 1%
or more with monzonite - diorite. Opaque minerals are ilmenite (Ti 35%), titanic
magnetite (Ti 1.5 to 14%), and magnetite (Ti 0%). More magnetite and titanic
magnetite than ilmenite are contained in granitic rocks that show a magnetic
susceptibility of 1 X 10° S.L.U. or higher. Rock masses showing a magnetic
susceptibility of 1 X107 S.I.U. or higher are distributed in the northwestern flank of the
Preobrazhenskiy composite rock mass.

(3) Bed-rock weathered crust

Bed-rock weathered crusts are clayey weathered remnants developed 10 to 20m in
thickness on sedimentary rocks, volcanic rock and intrusive rock of the Carboniferous
Period. They are covered by the Aral Formation of the Neogene Period and on the
Quaternary-Period layers. They are prominently influenced by kaolin, sericite and
smectite. Bed-rock weathered crusts were formed by chemical weathering of moist
and warm climate at the end of early Cretaceous Period (about 140 million years ago).

(4) Tertiary-Period Aral Formation

The Tertiary-Period Aral Formation covers pre-granitic rocks and intrusive rocks, as
well as their weathered crusts, without conformity. The layer is covered by the
Quaternary-Period layer without conformity and is 20 to 50m in thickness. The layer
consists of clay, sandy clay and clayey sand comprising quartz, kaolin, smectite and a
small amount of sericite. It rarely contains a gravel layer of a thin thickness.
Ilmenite drift-sand ore beds are deposited in sandy clay to clayey sand that is located as
narrow seams in the bottom or parts near the bottom of this layer.

(5) Quaternary-Period layer

The Quaternary-Period layer consists of gravel, loam and clay of the Diluvium 5 to
10m in thickness and Recent riverbed sediments that cover without conformity the
Neogene-Period Aral Formation and directly pre-granitic rocks and intrusive rock.

2) Geological Structure
The survey area is bordered by the Baladzhalskiy Fault running in the WNW-ESE
direction on its northeastern flank and by the South Terektinskiy Fault on the
southwestern flank. The Preobrazhenskiy composite rock mass intruded into the
Bektimirskaya ridge anticline situated in the middle of them.

Cracks in the NEN-SWS direction cut the Carboniferous Period layers made up of the

-32-



Preobrazhenskiy composite rock mass and pre-granitic rocks. Palaeo-landform channels
deposited with some ilmenite sand ore bodies were believed formed along these weak
lines. These palaeo-landform channels change to the NW-SE direction near the
Baladzhalskiy Fault running in the WNW-ESE direction and the South Terektinskiy Fault
because of dominant cracks in the NW-SE direction. Known ilmenite drift-sand ore beds
are contained inside palaco-landform channels.

The Tertiary-Period Aral Formation is a generally horizontal stratum and covers
Preobrazhenskiy composite rock mass and pre-granitic rocks.

The Quaternary-Period layers are generally horizontal strata and cover the
Tertiary-Period Aral Formation. Recent rivers are located in locations that relatively
well overlap with palaeo-landform channels of the Tertiary-Period Aral Formation bed
rock.

3) Ore Beds

Ore deposits are ilmenite drift-sand ore beds that contain a very small amount of zircon
about 1/60 that of ilmenite in weight ratio.

Ilmenite drift-sand ore beds are contained in sandy clay and clayey sand in
palaeo-landform channels in the lower layer of the Aral Formation of the Tertiary Period.
[lmenite in the Bektimir ore beds (Bektimir Placers No. 1, 2 and 3) is assumed derived
from monzonite - diorite, which are not advanced in magma crystallization differentiation,
and from rock mass low in magnetic susceptibility, among granitic rocks of the
Preobrazhenskiy composite rock mass. Ilmenite grains showed leaching of FeO and
enrichment of TiO, along external edges and cracks of the grains in the weathering,

leaching and thickening process.

5-1-2 Driling survey
1) Southern Flank of Bektimir Placer No. 1  (Detailed Survey District)

Driling was conducted in 20 pits along six traverse lines in a grid of 500 X200m over
2.5km on the southern flank of the confirmed III-C, Ore Reserves Block of Bektimir
Placer No. 1. The driling lengths totaled 1,033.0m.

The ore bed is contained in a wide palaeco-landform channel in the Aral Formation bed
rock in the NEN-SWS direction. The eastern flank of the ore bed is deposited directly

on the bedrock. Part of the western seam of the ore bed is contained in the bottom of the
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Aral Formation as narrow seams. The ore bed captured in driling measured 1.8 to 10.0m

in thickness. The ilmenite content was 94 to 216kg/m’>. The overburden on the ore bed
was 25 to 53m in thickness.

The thickness of the ore bed tended to slightly decrease toward the south. The
thickness of overburden increased, but the width of the ore bed increased to 1,000m, to
increase the volume. The lateral boundaries remain unconfirmed. The extension
direction especially changed from NEN-SWS to NW-SE and the ore bed boundaries
toward the eastern flank are unconfirmed.

When cut-off conditions were set 70kg/m3 or more for the upper seam of an ore bed,
100kg/m® or more for the lower seam, or 2.0m X 100kg/m’ or more, ore reserves
calculations showed the following ore reserves increases corresponding to Category C,
(Ore reserves 6.5 million m’, ilmenite reserves 857,000 tons, average ilmenite content
132kg/m3, and stripping ratio 8.3).

The III-C, ore reserves confirmed in Year 1 and the total increase in Year 2 (Ore

Reserves Block No.. III+1V-C,) are shown below (Ore reserves 11.3 million m3, ilmenite

reserves 1,472,000 tons, average ilmenite content 13 1kg/m3, and stripping ratio 7.26) .

Table I-5-1 Ore Reserves Calculation of Category C, for the Southern Flank of

Placer No.1

Block No Block Ore bed Ore sands Ilmenite Ilmenite Overburden Overburden Stripping
area thickness reserves content, reserves thickness volume ratio,
10°m? m. 10°m? kg/m* 10%t m 10°m? m’/m’
III-C, 909.0 5.51 5,008.59 123.95 620.81 29.64 26,942.8 5.4
1V-C, 1364.0 4.76 6,492.6 131.93 856.57 39.3 53,605.2 8.3
III+IV-C, 2,273.0 4.95 11,251.35 130.84 1,472.13 35.94 81,691.6 7.3
2) Southern Flank of Bektimir Placer No. 3 (Reconnaissance Survey District)
Driling was conducted in 25 pits at 400m spacing totaling 903.5m in length. In six of

the 25 pits, thickened ilmenite seams higher than the cut-off grade of 100kg/m® could be
confirmed.

The ore bed is deposited directly above two parallel palaco-landform channels in the
The width of the ore bed was

Aral Formation bed rock running in the N30°E direction.

about 200m and was small compared with that of Bektimir Placer No. 1. The ore bed




thickness captured by driling was 1.5 - 4.4m and the ilmenite content was 111 to
181kg/m’. Overburden on the ore bed was 23 to 30m in thickness and tended to increase
toward south.

Only six pits showed contents higher than 100kg/m’ and were not sufficient for ore
reserves calculations. However, the following calculation data can be obtained by
designating an area 100m in radius centering on a driling pit as a block.

Table I-5-2 Ore Reserves Calculation of Category P, for the Southern Flank of

Placer No.3

Block Block Ore bed Ore sands Ilmenite Ilmenite Overburden Overburden Stripping
No area thickness reserves content, reserves thickness, volume ratio,
10°m? m. 10°m? kg/m’ 103t M 10°m? m’/m’
P, 188.4 2.76 512.0 130.05 67.6 26.7 5,011.4 9.7

Potential calculations in a very bold fashion assuming that the driling pits in the

palaeo-landform channels that hit an ore bed were continuous produce the following

results: Ore reserves 3.8 million m’, ilmenite reserves 493,000 tons, average ilmenite

content 130kg/m3, and stripping ratio 9.7.

Table I-5-2 Ore Reserves Calculation of Category P, for the Southern Flank of

Placer No.3

Block Block Ore bed Ore sands Ilmenite Ilmenite Overburden Overburden Stripping
No area thickness reserves content, reserves thickness, volume ratio,
10°m? m. 10°m? kg/m’ 103t m 10°m? m’/m’
I-P, 680.5 3.03 2,061.9 117.76 242.8 26.6 18,101.3 8.8
11-P, 690.1 2.50 1,725.2 144.76 249.7 26.8 18,494.7 10.7
Total | 1,370.6 2.76 3,787.1 130.05 492.5 26.7 36,596.0 9.7
3) Bektimir Northern Placer (Reconnaissance Survey District)
Driling was conducted in five pits along one traverse line at a spacing of 800m. The

driling lengths totaled 335.0m.

Thickened ilmenite seam was deposited in the Aral Formation directly above the

bedrock and in cracks of weathered crusts of the bedrock.

The driling survey showed

that the content of thickened ilmenite seam was low and the expanse of the ore bed could

not be captured.

Ore reserves were, therefore, not calculated.
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5-1-3 Geophysical Properties

The resistivity and magnetic susceptibility of each geological unit in the survey area were

measured for use as basic data for airborne electromagnetic survey and analysis.

magnetic susceptibilities of the bed rocks were measured.

Preobrazhenskiy composite rock mass were classified quantitatively.

The

Granitic rocks of the

The resistivity, magnetic susceptibility and radioactive intensity of each geological unit in

the survey area were measured (See Table 1-5-3.).

Table I-5-3 Geophysical Properties of geological units

RESISTVILITY MAGNETIC SUSCEPTIBILITY RADIOACTIVITY
GEOLOGICAL UNIT LOCATION (Qm) (x107%S.1.U.) (XuSV/h)
HIGH|LOW|AVERAGE HIGH|LOW|AVERAGE HIGH|LOW|AVERAGE
PRE-GRANITOIDS VOLCANICS
OUTCROP NOT MEASURED 59.3 10.26 8.3 0.04 |10.01 0.02
(CARBONIFEROUS)
PRE-GRANITOIDS SANDSTONE
OUTCROP NOT MEASURED 0.40 |10.21 0.33 NOT MEASURED
(CARBONIFEROUS)
WEATHERED CRUST BORING CORE |101.3] 9.7 38.7 0.27 10.06 0.18 0.07 {0.01 0.03
GRANITOIDS OUTCROP 12400| 596 6498 31.510.02 2.44 0.09 |10.01 0.04
TMK TEST PIT 3 2 2.5 0.25] 0.2 0.22 0.02 |0.02 0.02
JARAL FORMATION
BORING CORE 599 | 4.3 50.5 0.33 10.05 0.15 0.04] 0 0.02
[ARAL FORMATION TMK TEST PIT NOT MEASURED 0.61 10.21 0.40 NOT MEASURED
WITH ILMENITE LAYERS BORING CORE 27 5.3 9.3 0.90 10.26 0.48 0.04 0 0.02
TMK TESTPIT 286 | 17 80 1.04 10.17 0.71 0.02 {0.02 0.02
QUARTERNARY
BORING CORE NOT MEASURED NOT MEASURED NOT MEASURED

1) The resistivities of the driling cores 39 and 51 Q@ m for weathered crusts and

Tertiary-Period Aral Formation were and did not vary greatly. This may be explained by
the groundwater surface, which was located almost directly above the unconformity plane
between the Tertiary-Period Aral Formation and Quaternary-Period layers, and by the
moist state of the formation and layer by groundwater which contained electrolytes. The
minerals comprising the formation and layer were the same and a clear lithofacies
boundary could not be found between the two. The resistivity of the thickened ilmenite
seams in the Tertiary-Period Aral Formation slightly increased.

The resistivities of the Tertiary-Period Aral Formation and Quaternary-Period layer of

51 and 80€ m showed a difference. The Tertiary-Period Aral Formation was moist and
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the Quaternary-Period layer, semi-dry. This difference seems to have produced a
difference in the resistivity.

2) The magnetic susceptibility of thickened ilmenite seams was 0.4 x 107 S.I.U. and was
high compared with that of a stratum that did not contain a thickened ilmenite seam of 0.2

X107 S.I.U.

5-2 Recommendations for Phase III Survey
5-2-1 Recommendations for survey area

The survey in Year 2 provided the following guidelines for ore bed exploration:

1) The known ilmenite drift-sand ore beds are deposited in palaeo-landform furrows
(palaco-landform channels) of the Tertiary-Period Aral Formation. Locations with
high potentials for deposition of new ore beds can be identified by extracting
palaeo-landform channels.

2) Diorite - monzonite, rather than granite, and rock mass with a magnetic
susceptibility of less than 1X 107 S.L.U., which is believed to contain a large
proportion of ilmenite as an opaque mineral contained, are preferred as granitic rocks

in the hinterland.

The survey policies for each district in Year 3 are as follows:
1) Bektimir District
(1) Eastern Flank of Bektimir Placer No. 1
The southern extension of Bektimir Placer No. 1 expands more than 1000m in ore bed
width and the extension direction changes from NEN-SWS to NW-SE with the result
that the ore bed boundaries in the eastern direction of the area with a high content
cannot be confirmed yet. Additional driling should be conducted (a detailed survey)
and ore reserves must be reassessed. Adjacent to the eastern flank of palaco-landform
channels where a driling survey was undertaken, other channels may exist and an
additional driling survey including this area is considered desirable. However, the
depth of the ore bed becomes deeper toward south and overburden becomes thicker. A
survey must therefore be undertaken by discerning the relationship between an
economically feasible depth and ore grade.

(2) Southern Flank of Bektimir Placer No. 3
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The driling survey in this year found ore beds to be narrow seams. However,
sufficiently high potentials can be anticipated. Interpolation of the inferred
palaeo-landform channels and a survey of the upstream have not been undertaken yet.
An additional driling survey (detailed survey) for them is deemed preferable.

2) North Bektimir District
According to the driling survey undertaken this year, the potential ore bearing depth of
this district is deep, more than 60m underground. Prominent thickening of ilmenite
could not be found. The granitic rocks in the hinterland showed a high magnetic
susceptibility. It appears that supply of quality ilmenite cannot be expected from this
district. Surveys of this district should be terminated after this year.
3) Other Districts
(1) Eastern Flank of Bektimir Placer No. 1
An analysis of public data in Year 2 shows that about two palaco-landform channels are
expected to exist in the area. A driling survey (reconnaissance survey) of these channels
is deemed preferable.
(2) Northern Flank of Bektimir Placer No. 2 (Beloe District)
An analysis of public data in Year 2 shows that diorite - monzonite distribute in the
hinterland and that there are areas where the magnetic susceptibility is low. Two
palaeo-landform channels originating from these areas are expected to exist. A driling

survey of these channels is deemed preferable.
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PART II

SPECIFIC INFORMATION



Chapter 1 Analysis of Existing Data

1-1 Purpose of the Survey

The survey in Year 2 was conducted to collect, resort and analyze existing public
geological data on bearing of ores in known ore beds in the survey area and on depths of the
bedrocks of the Tertiary and Quaternary Periods to understand geology and geological

structure of an ilmenite-origin rock area and following the survey undertaken in Year 1.

1-2 Analysis

A large volume of driling data for the survey area exists. The driling projects
undertaken in the past in the survey area include geochemical exploration driling by an Altai
geological exploration unit between 1988 and 1992 and ilmenite drift-sand ore beds from
1990 to the present. The geochemical exploration driling project undertaken from 1988 to
1992 especially reached bedrock weathered crusts at spacing of 200m along a traverse line
and recovered samples of bedrock weathered crusts. The rock samples of the weathered
crusts were used in rock geochemical exploration. Through these efforts, depth data to the
bedrocks of the Tertiary-Period Aral Formation and Quaternary-Period layer is now
available. Nevertheless, under the regime of the former Soviet Union, this data was used
only for preparing cross sections for each traverse line and was not compiled.

In Year 2, this depth data was compiled to prepare subsurface contour maps (subsurface
structure diagrams) of the bedrock surface of the Tertiary-Period layer (unconformity plane
between Tertiary-Period Aral Formation and bed-rock weathered crusts) and
Quaternary-Period bedrock (unconformity plane between Quaternary-Period layer and
Tertiary-Period Aral Formation). The subsurface structure of the bed rock of the Tertiary
Period showed palaco-landform when the Aral Formation of the Tertiary Period was started
to deposit (about 40 million years ago), defining palaeo-landform channels, in which
ilmenite drift-sand ore beds are deposited (PL. II-2-3 - 4).

1-2-1 Subsurface structure of Tertiary-Period bed rock

Subsurface contours of the Tertiary-Period bed rock are rich in relief. The gorges seem
to represent weak lines of edges, faults and cracks in the Preobrazhenskiy composite rock
mass (PL. 1I-2-3).

An oval furrow, which is considered to show the contour of the Preobrazhenskiy
composite rock mass, measures 17km in major axis and 5km in minor axis. The contour of

the southwestern flank is not clear, but the contour from the north to the northeastern flank

-39-



is clear. This furrow is estimated formed along the periphery of the rock mass due to a
difference in erosion between the Carboniferous Period layer, which had a weak resistance,
compared with rocks in the northern to northeastern flank of the rock mass that were
relatively hard and resistant to weathering and erosion. An arc-shaped furrow could be
found in the southeastern flank of the rock mass. This land too was estimated to show the
outer edge of the rock mass. The upstream part of Bektimir Placer No. 1 is contained in
this land.

Another arc-shaped furrow in the farther inner side of the arc-shaped furrow in the
southeastern flank, which is supposed to form the outer edge of the Preobrazhenskiy rock
mass, contains Bektimir Placer No. 3. This furrow is estimated to be a NE-SW fault and is
called the Bektimirskiy Fault. (Japan International Cooperation Agency, Metal Mining
Agency of Japan 2001) It is possible that this land shows the southeastern edge of granitic
rock mass high in magnetic susceptibility.

The NE-SW furrow is estimated to have been formed by erosion after the Palaecocene
Epoch along a weak line of a NE-SW crack formed after the intrusion of the
Preobrazhenskiy intrusive rock mass.

The NW-SE furrow coincides with the strike direction of the Carboniferous Period layer

and is estimated to be a structural strike gorge.

1-2-2 Subsurface structure of Quaternary-Period bed rock

The groundwater surface was located directly above the unconformity plane between the
Tertiary-Period Aral Formation and Quaternary-Period layer. This suggests a possibility of
the subsurface contour of the Quaternary-Period bedrock generally showing the groundwater
surface (PL. 1I-2.4).

Compared with the subsurface contour of the Tertiary-Period bedrock, the subsurface
contour of the Quaternary-Period bedrock lacks relief and is generally flat. Fairly
substantial portions of the landform furrows overlap with palaco-landform furrows of the
bedrock in the Aral Formation of the Tertiary Period. Many of them also overlap with
Recent rivers and gorges. This suggests that, generally speaking, gorges have always been

gorges through the geological generations with less landform changes.
1-2-3 Geological history of Cenozoic Era

According to the geological history of South Altai in the Cenozoic Era authored by V. S.

Erofeyev (1969), the geological history of the survey area can be summarized as follows.
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End of the early Cretaceous Period (Denmark Age, about 140 million years ago): The
Zaysan Furrow, which forms a gentle inclination, started to sink. Chemical weathering of
the bed rock started to deposit a formation of a clayey layer mainly consisting of
montmorillonite and a red bed composed of iron hydroxide. Sedimentary basins were lakes,
marshes and lowlands along rivers with a slow flow speed. These basins were clayey
layers forming diagonal bedding sandwiching sand layers. The southwestern part of
Zaysan Furrow was a moist plain facing a coast and the southeastern and eastern flanks of it
were dry areas. The climate of the sedimentary basins was a repetition of high-temperature,
high-humidity climate and dry climate. The amount of rainfall was high during the wet
season and rivers were flooded. Lowlands became lakes and marshes. During the dry
season, leaves of deciduous trees fell and sediments were cracked. Surface water and
humus soil permeated and reacted with basement rock. Iron was eluded and red beds
composed of iron hydroxide were formed. In some places, ceramic materials, bauxite,
titanium sand ore beds were formed. As animals, dinosaurs and water turtles inhabited,
while woods and forests of hemp palms, seqouias, araucarias, magnolias, chestnuts,
gingkoes, coniferous trees, metasequoias, sycamores, maples and other species spread in the
south.

Mid- to early Eocene Epoch (Turangin Age, about 45 to 40 million years ago): During this
age, middle Altai started to uplift, thereby changing river flow. Sedimentation of clay and
red beds stopped around the Zaysan Furrow and sedimentation of coal increased, starting
deposition of pyrite and calcareous clay. Soluble salts such as sulfates and chlorides were
contained in clay. Woods and forest plains of lowland spread near the survey area, and
denuded clastics were moved to the Zaysan Furrow.

Early Eocene Period - Late Oligocene Epoch (Tyzkabak Age, about 40 to 30 million years
ago) Exposed to land breezes and rainfalls during the monsoon and rainy season, moss,
woods and forests spread in marshes and swamps along rivers in plains. As a result,
silt-like clayey beds green or greenish brown in color deposited in drainage areas, while
brown silt containing iron deposited in plains.

Mid- to early Pliocene Epoch (Ashtas Age, 30 to 26 million years ago): The Narym
structural motion started in the mid-Pliocene Epoch, causing uplift motion and starting
deposition of carbonates, coal and pyrite in some areas. Thick calcarcous clay beds were
characteristically formed. In the middle of the Pliocene Epoch, the climate changed to dry,
cold climate and subtropical plants disappeared. The drainage systems denuded weathered

rocks and continued sedimentation. The survey area continued to be low woods and forest
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plains and denuded clastics were moved to the Zayzan Furrow in southeast.

Late to Mid-Miocene Epoch (Aral Age: 26 to 15 million years ago): The cold and dry
climate that started in the early Palacocene Epoch further intensified and the land profile
greatly changed in the late to mid-Miocene, changing to steps. Woods and forests were
limited to areas near rivers, lakes and marshes and soil changed to brown or light brown soil
of fine grains, mainly composted of montmorillonite. Gypsum and carbonates were formed
by occasional rainfalls in a semi-dry climate. Sulfates were formed only in small amounts.
Salts were developed only when evaporation was intense during dry climate. Weathered
clastics were eroded in new drainage systems and were deposited again in them, forming
light green sediments containing carbonates and sulfates.

Early Miocene Epoch - Pliocene Epoch (Pavlodar and Vtorushinsk Ages, about 25 to 5
million years ago): Structural motion called Tarbagatayskaya Tectonics took place in this
age and sedimentation of sediments stopped. The climate returned to tropical climate and
new sediments started to cover again. The lowland in the survey area was engulfed in the

rims of sedimentary basins and new sediments from nearby areas started to deposit.
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Chapter 2 Geological Survey

2-1 Purpose of the Survey
To determine the relationship between geology and drift-sand ore beds in the survey area.

1) To quantitatively classify granitic rocks of the Preobrazhenskiy rock mass, which was
designated in the survey in Year 1 as a hinterland of drift-sand ore beds, and to determine
rocks promising as origin rocks of ilmenite and their distributions.

2) To measure magnetic susceptibilities of basement rocks and to determine their values and

distributions for use in Task 1) above.

2-2 Method of Survey

In the survey of the survey area in Year 2, a semi-detailed survey was conducted to the
extent shown in Table I-1-1. A former kindergarten building in Beloe Village was used as
the base camp after repairing the inside of it.

In the geological survey, locations of outcrops were confirmed using a topographical map
1:25,000 in scale and GPS (manufactured by Magellan model GPS320). At each outcrop,
the field name, grain size, texture, stratification, fissure system and other items of the rock
were observed and were entered in a field note, to prepare a field route map. Results of
these surveys were summarized in surface geological maps and cross sections 1:25,000 in
scale (PL. II-2-1) and in basement-rock geological maps of the pre-Tertiary Period in a scale
of 1:25,000 (PL. 1I-2-2).

Concurrently with the geological survey, magnetic susceptibilities of the rocks at the
outcrops were measured and recorded (See Appendix 2-21.). The magnetic susceptibilities
were measured on fresh, flat and smooth rock outcrops at 509 geological outcrops using a
portable magnetic susceptibility meter (Micro KAPPA, model KT-5¢). Ten measurements
were taken at each outcrop and mathematical averages of them were plotted on a
magnetic-susceptibility distribution diagram 1:50,000 in scale (PL. II-2-2). At some
outcrops, the dose-equivalent rates were measured using a radioactivity meter equipped with
a GM tube (manufactured by Calcite, model CS-201), to examine the feasibility of
differentiating rock masses based on a difference in content of radioactive zircon in rocks.

At the same time when the geological survey was conducted, rocks were sampled in
positions shown in Fig. II-2-1. Whole rock analysis and trace component analysis was
performed with 26 of these samples. Based on the results of the whole rock analysis, CIPW

norm calculations were made and rocks were named in accordance with Streckeisen (1967).



AFM and other diagrams were prepared using the results of the whole rock analysis. REE
pattern and other diagrams were prepared based on the results of the trace component
analysis. The analysis was made to quantitatively classify rocks of the Preobrazhenskiy
rock mass. Seven rock thin sections and 12 polished sections were prepared for use in
laboratory tests from the 26 samples used in the whole rock and trace component analysis.
These sections were used in microscope observation and mode measurement of opaque
minerals. The modes of the opaque minerals were measured using a point counter
manufactured by James Swift & Son, model F, by measuring 2,000 intersections on 1/5X
1/6mm section paper. A total of 53 opaque mineral grains found on nine of polished
sections were analyzed for semi-quantitative analysis using EDX (manufactured by JEOL,
model JSM-5310), to determine mineral species and Ti contents. To examine mineralogical
composition of ilmenite, one ilmenite concentrate sampled from the TMK test pit in Bektimir
No. 1 Placer was subjected to the following analyses: One powder X-ray diffraction
analysis, one polished section was prepared, eight semi-quantitative analyses by EDX, linear
analysis by EPMA (manufactured by JEOL, model JXA-8800R), area analysis, and two
qualitative analyses.

Appendixes 2-6 and 2-7 show the results of the whole rock analysis and trace component
analysis. Appendix 2-8 shows the results of the CIPW norm calculations. Appendixes 2-2,
2-6 and 2-3 show microscopic observation results, results of opaque mineral mode
measurement and microscope photos. Appendix 2-23 shows results of EDX
semi-quantitative analysis of opaque minerals. Distributions of TiO, in granitic rocks of the
Preobrazhenskiy rock mass, of opaque mineral modes and of opaque mineral kinds are shown
in Figs. II-2-2, II-2-3 and II-2-4, respectively. Appendixes 2-24, 2-5, 2-9 and 2-23
respectively show results of microscope observation of ilmenite concentrate, EDX

semi-quantitative analysis and EPMA quantitative analysis.

2-3 Survey Findings

The geological order of stratification of the survey area is made up of pre-granitic rocks
(Carboniferous Period layer), granitic rocks intruded into them, Aral Formation of the
Tertiary Epoch layer in the Cainozoic Era that covers them without conformity, and the
Quaternary Epoch that covers all of them without conformity. Weathered crusts widely
develop on pre-granitic rocks (Carboniferous Period layer) and granitic rocks, which are the

bed rock of the Aral Formation of Neogene Period.



2-3-1 Pre-granitic rocks (Carboniferous Period layer)

Pre-granitic rocks are sedimentary rocks (shale, sandstone and conglomerate), pyroclastic
rocks, and lava (andsite and porphyrite).

1) Arkalyk bed of lower coal series (C;V,.3ar)

Outside of the study area, this bed distributes in the form of a narrow strip 1.5km in
width in northwest of the survey area along the southern flank of the Baladzhalskiy
Fault. Inside the study area, the bed is extensively covered by the Aral Formation of
the Tertiary Period and Quaternary-Period layer and is hardly exposed. However, a
small outcrop of siltstone of this bed, which has become hornfelsic, could be located
north of Kamenka in northwest, adjoining the Preobrazhenskiy rock mass.

This bed consists of shale, siltstone, sandstone, tuff and limestone and is said to
contain fossils of Brachiopodas and corals. The total bed thickness is about 1,500m.

2) Kokpeti lower bed of middle coal series (C;V3-nkp;)

This bed widely distributes in the northern flank of the Baladzhalskiy Fault.

This bed consists of conglomerate, tuffaceous sandstone, sandstone, siltstone and
shale. The total bed thickness is about 1,500m.

3) Bukon bed of upper coal-series (C,bk)

This bed distributes on the southern flank of the Preobrazhenskiy composite rock
mass. The bed is covered thickly by the Aral Formation of the Tertiary Period and
Quaternary-Period bed and is exposed only along the Bektimir river Skm east of Koitas.
In driling in the southern flank of Bektimir Placer No. 1 and in the southern district of
Bektimir Placer No. 3, the bed is exposed as a bedrock weathered crust.

In the survey area, this bed consists of conglomerate, arcose sandstone, sandstone,
siltstone and shale. A thin alteration of strata is developed. Rocks in the part of the
bed that contact the Preobrazhenskiy intrusive rock mass have become hornfellsic and
carboniferous shale has become graphite. The total bed thickness is 1,500 to 2,000m.

4) Middle to upper coal-series Maityab bed (C,.smt)

This bed widely distributes in the southern to the eastern flanks of the
Preobrazhenskiy composite rock mass. It distributes widely as small hills from near
Koitas to the east. It emerged as a boulder in driling near a basement rock in the
northern area of Bektimir.

This bed is generally coarse and bulky and is dark green in color. It is composted of
tuff, andesitic porphyrites wiching tuffaceous sandstone, andesite, rarely basaltic

porphyrite, and volcanic breccia of diabasic porphyrite. Andesitic porphyrite and



andesite often show brecciated or subbrecciated texture that contains rock fragments of
different crystallinities. For this reason, this rock appears like porous sponge rock on
its weathered surfaces. In microchemical analysis, this bed appears as phenocrysts of
altered euhedral plagioclase 0.2 to 0.5mm in size, semi-euhedral amphibole about
0.2mm in size, and euhedral pyroxene about 0.lmm in diameter. Its groundmass is
found altered into an aggregate of chlorite and sericite (G031). This rock underwent
strong contact metamorphism by the Preobrazhenskiy intrusive rock mass that generated
actinolite and became hornfelsic (1023). It contains more than 1% of magnetite as an
opaque mineral, but ilmenite could not be detected. The part of this rock exposed near
Beloe sometimes contains ilmenite that shows a holocrystalline texture of fine grains
consisting of a large amount of pyroxene about 0.05mm in diameter, a small amount of
biotite, semi-euhedral quartz and plagioclase (1004).

The solidification indexes of pyroclastic rocks and lava are higher than 18 and

differentiation indexes, less than 50.

2-3-2 Granitic rocks and dikes
Granitic rocks and dikes of the Preobrazhenskiy composite rock mass intruded during
the Palaeozoic are distributed.
(1) Preobrazhenskiy Composite Rock Mass

This intrusive rock mass occupies the majority of the survey area and is exposed in an
area 8km X 17km. According to the analysis of literature, the following three rock
masses have been identified. However, these rock masses cannot be discriminated
clearly outdoors. The three rock masses are: The Maksutskiy composite rock mass
made up of gabbro, monzonite and diorite that intruded in the early Permian Period to the
late Triassic Period, the Saykanskiy composite rock mass made up of syenite,
syenite-diorite and granitic syenite intruded between the middle and early Triassic Period,
and the Delbegeteyskiy composite rock mass made up of granitic rocks intruded during
the late to the middle parts of Jurassic Period.

Noritic gabbro (I1106) is exposed in a small area near Kamenka located northwest of
the Preobrazhenskiy composite rock mass. In microchemical analysis, euhedral
plagioclase 0.03 to 1mm in size is dominant. Other minerals include hypidiomorphic
olivine about 0.1mm in diameter, which is surrounded by pyroxene, biotite, intergranular
spinel and other anhedral minerals. Plagioclase is prominent in twin and a zonal

structure could not be found.
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Monzonite diorite - diorite are fine or medium grained and expose near the center of
the Preobrazhenskiy composite rock mass. By naked eyes, color index is about 40. In
microchemical analysis, they consist of anhedral and altered potassium feldspars,
anhedral quartz, semi-euhedral amphibole 0.1 to 0.5mm in size, and semi-euhedral biotite
0.2 to 1mm in size that is partially turned chlorite. Amphibole and biotite accompany
euhedral and semi-euhedral ilmenite about 0.03 to 0.3mm in diameter and titanic
magnetite as opaque minerals (G109, G113 and 1085).

Monzonite granite and monzonite of medium to coarse grains have the largest exposure
area in the Preobrazhenskiy composite rock mass and are distributed around the rock
mass. When observed by naked eyes, pink potassium feldspars, grayish white quartz,
dark biotite and amphibole in medium to coarse grain sizes could be found. Color
indexes of them are about 5 to 10. Microchemical analysis found anhedral potassium
feldspars showing a perthite texture, anhedral quartz, semi-euhedral brown amphibole 0.1
to 1.5mm in size, and dark brown or greenish brown semi-euhedral biotite that has
partially become chlorite 0.2 to 2mm in size. Zircon is contained as an accessory
mineral. As opaque minerals, euhedral and semi-euhedral ilmenite about 0.03 to 0.5mm
in diameter, titanic magnetite and magnetite are accompanied. In the southeastern flank
of the rock mass, almost 100% of opaque minerals are ilmenite, while ilmenite accounts
for 20 to 50% and the balance, titanic magnetite and magnetite, in the northwestern flank
of the rock mass (Fig. 11-2-3).

Ishihara, et al., classified granitoids into magnetite-series granitoid and ilmenite-series
granitoid depending on whether or not magnetite is contained (1977). A rock mass that
has a larger number of observations of magnetite than ilmenite is called magnetite-series
granitoid. According to this classification method, the northwestern flank of the
Preobrazhenskiy composite rock mass belongs to a classification near magnetite-series

granitoid.

(2) Dikes
Dikes of quartz porphyry and aplite are intruded into the Palaeozoic layer and
Preobrazhenskiy composite rock mass. Quartz porphyry is dominant in white color
and dense lumps and is intruded in NE and NW directions as dikes. Aplite is dominant

in the northwestern flank of the rock mass and is intruded in EW and NE directions.

2-3-4 Post-granitic rocks
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1) Bed-rock weathered crust (K5)

Weathered crusts developed on sedimentary rocks and volcanic rocks of the upper
coal series and are covered by the Aral Formation of the Tertiary Period and
Quaternary-Period layers.  Bedrock weathered crusts were formed by chemical
weathering under moist and warm climate at the end of the early Cretaceous Period (about
140 million years ago).

2) Aral Formation of Tertiary Period (N;' 2ar)

The Aral Formation covers basement rocks of the Palaeozoic or their weathered crusts
without conformity and is covered widely by the Quaternary-Period layers. This
formation is made up of sandy clay, coarse-grained clayey quartz - feldspathic sand,
rarely containing a gravel layer. The lower bed of this formation contains ilmenite
drift-sand ore beds.

This formation is divided into lower and upper layers as follows:

(1) Lower layer
This layer is dark gray and bluish sandy clay and contains coarse-grained clayey sand,
gravels and wooden fragments. In ore bed areas, this layer contains a large amount of
ilmenite and deposits drift-sand ore beds in it.
(2) Upper layer

The color of it changes from brownish gray to light gray. It often consists of clay of

miscellaneous colors or brown - brownish gray. The sandy content is low, 3 - 5% or
less. It contains a large amount of oolith of iron hydroxide and manganese hydroxide.
It rarely contains gypsum crystals and their aggregates.

3) Quaternary-Period Layer (Q)

The Quaternary-Period layers distribute widely in this area. The layer is divided into
the lower bed, middle-upper bed, upper-Recent bed and Recent bed.
(1) Lower bed (Qy)

The lower Pleistocene Epoch layer is characterized by a cobblestone bed and
distributes in the southern and western parts of this area, covering the basement rocks
of the Aral Formation of the Tertiary Period and Palacozoic. The upper part this bed
consists of reddish brown and brown loam and clay, accompanying a lenticular sand
bed. The lower part of the bed is a cobblestone bed. The roundness of gravel is
medium or good and the gravel consists of tuffaceous sandstone, mudstone, porphyrite,
andesite and hornfels. The thickness of this bed is 5 to 13-14 m.

(2) Middle - upper bed (Q.3)



This bed is composed of loess-like brownish gray loam and is distributed by covering
basement rock of the Aral Formation of the Tertiary Period and Palaeozoic. It is
developed especially in the hilly land in the eastern flank of Preobrazenska Village.
Normally, this bed has dark brown sandy clay beds and accompanies coarse-grained
sand beds mixed with granules. Ilmenite (maximum 5 - 12 kg/m3) is often found in
these beds. The thickness of this bed varies between 2 and 20 m.

(3) Upper - Recent bed (Q3.4)

This bed is composed of loam that contains a large volume of rock fragments of
basement rock of the Palacozoic. The amount and size of gravel increase toward the
upstream. This bed does not exceed 1 or 2 m in thickness.

(4) Recent bed (Qy)
This bed consists of riverbed sediments and contains cobblestone, gravel, sand,

sandy loam, silt, loam and clay. The thickness of this bed is 0.5 to 2.5 m.

2-3-5 Quantitative petrology of granitic rocks
1) Principal chemical components of granitic rocks

Whole rock analysis of 22 granitic rock samples sampled from the survey area was
undertaken (See Appendix 2-6.). Except for Sample No. G053, the analysis was conducted
by the Nonferrous Metal Mining and Metallurgy Research Institute in Ust-Kamenogorsk.
Sample No. G053 was analyzed by the ALS Chemex Assay Laboratory in Vancouver, Canada.
Many of the analysis values do not reach from 100% in total. However, the analysis values
were believed sufficient to observe trends of the chemical analysis and were used as they
were.

As pointed out in the survey during Year 1, the TiO, content in granitic rocks was low with
rocks that were advanced in crystallization differentiation of magma as in granite and syenite
and was high with rocks that were not advanced in crystallization differentiation as in gabbro
and diorite - monzonite.

In Japan also, autochthonous ilmenite drift-sand ore beds accompanying gabbro rock mass
are known and were explored (Suzuki et al. 1954, Haraguchi et al. 1956, Kusama et al. 1958,
Miyamoto 1959, Soma 1963, and Tsusue et al. 1969). As far as working in Japan of iron
sand components is concerned (Miyamoto, 1960), acidic iron sand accompanying granite
contained less titanic minerals. Basic iron sand contained much titanic components.
Autochthonous residual iron sand especially contained a very high proportion of titanic

minerals.
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The Na,O + K,0 - SiO, diagram (Cox, K. G., et al., 1979) is used to roughly classify
plutonic rock and extrusive rock in terms of chemical components. The granitic rocks in
the survey area could be classified clearly into two groups. The one group covers a region
from granite to syenite, containing less than 1% of TiO,. The other group covers a region
from monzonite to diorite and gabbro, containing more than 1% of TiO, (Fig. I1I-2-5).

In the K,O - CaO - Na,O diagram (see Fig. 1I-2-6), granitic rocks that contained less than
1% of TiO, were lean in CaO (<2%), but were slightly rich in K,O (>3%). Those granitic
rocks that contained more than 1% of TiO, were rich in CaO, but were slightly lean in K,O.

In the AFM diagram (see Fig. 1I-2-7), the granitic rocks in the survey area fall into the
calc-alkali rock region. Those granitic rocks that contained only less than 1% of TiO, were
rich in alkali (Na,O + K,0), but were lean in MgO and X FeO. Those granitic rocks that
contained more than 1% of TiO, were lean in alkali, but were rich in MgO and X FeO.

The ACF diagram (see Fig. II-2-8) is used in classifying granitic rocks of the Types I and S
using granitic rocks of Australia as sampling land (White and Chappel, 1977). In the
continental crust, granitic rocks of the Type I are classified as igneous rock origin, and
granitic rocks of the Type S, as sedimentary rock origin. Takahashi et al. (1980) compared
between magnetite-series and ilmenite-series granitoids and between granitic rocks of the
Types I and S. In general, granitic rocks of the Type I contain a high level of Na,O, higher
than 3.2%, while the Al,03/Na,O + K,0 + CaO molar ratio is low, below 1.1. The Type-I
granitic rocks contain a small amount of diopside or a very small amount of corandum as
normative minerals. The granitic rocks of the Type S generally have a low content of Na,O,
less than 3.2%. The Al,03/Na,O + K,0 + CaO molar ratio is high, more than 1.1. The
comparison between magnetite-series and ilmenite-series granitic rocks and between granitic
rocks of the Types I and S shows that magnetite-series granitic rocks are the same as the
Type 1 granitic rocks, but that ilmenite-series granitic rocks contain granitic rocks of both
Types I and S. Those granitic rocks of the Preobrazhenskiy composite rock mass that
contained only less than 1% of TiO, fall into the Type-S region with the exception of G053,
while monzonite - diorite rocks containing more than 1% of TiO, fall into the Type-I region.

The FeO/Fe,0; ratio is low with granite (below 1) and is high with monzonite - diorite and
noritic gabbro (about 1 or higher), suggesting that monzonite - diorite and gabbro were
formed at low oxygen partial pressure (Tsusue, et al., 1974, Ishihara, et al., 1977).

The differentiation index (DI) is calculated by a total of weight percentages of quartz,
orthoclase, plagioclase, nepheline and kalsilite, which are normative minerals. Because the

chemical composition of magma residual liquids approaches SiO, - NaAlSiO,4 - KAISiO4 as
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crystallization differentiation advances, the DI increases as magma crystallization
differentiation advances and is used to show the degree of magma differentiation
(C.P.Thornton et al., 1960). The figure shows the relationship between the differentiation
index (DI) and oxide components. The DIs of granitic rocks containing only less than 1%
of TiO2 are higher than 80. As DIs increase, TiO,, Al,O3, Fe,Os, FeO, MgO, CaO, Na,O
and K,O tend to decrease. DIs of granitic rocks containing more than 1% of TiO, are below
60 and alkali (NaO, and K,0) increases as DI increases, while Al,03, Fe;O3 and FeO rather
decrease slightly and MgO and CaO prominently decrease. The trends of TiO, are not
steady (See Fig. 11-2-9.).

The solidification index (S.I.) is calculated by 100 XMgO/(MgO + FeO + Na,O + K,0)
and decreases as magma crystallization differentiation advances. It is used to indicate the
degree of magma crystallization differentiation (Kuno et al., 1957). Appendix 2-6 shows
S.I. of granitic rocks in the survey area. S.I. of granitic rocks that contain less than 1% of
TiO, are below 6 and are mostly 3 or less. S.I. of granitic rocks containing more than 1% of
TiO, are higher than 10.

The TiO, content distribution of the Preobrazhenskiy composite rock mass is shown in Fig.
II-2-4.  The distribution is high in the center of the rock mass and almost equals the
distribution regions of diorite and gabbro.

The CIPW normative values calculated based on the whole rock analysis are shown in
Appendix 2-8.

The classification of granitic rocks by the plagioclase - potassium feldspars - quartz ratio
diagram (Streckeison, A. L., 1967) clearly classifies granitic rocks into a group that falls into
a monzonitic granite region containing only less than 1% of TiO, and into a group that falls
into a monzonitic diorite and norite region containing more than 1% of TiO, (See Fig.
11-2-10.).

The Maksutskiy composite rock mass composed of gabbro, monzonite and diorite
described by Sokratov (1964) may correspond to monzonite - diorite and gabbro, while the
Saykanskiy composite rock mass composed of syenite, diorite and granitic syenite and
Delbegeteyskiy composite rock mass composed of granitic rocks may correspond to granitic

rocks.
2) Trace Components of Granitic Rocks

Trace components of granitic rocks were analyzed by the ALS Chemex Assay

Laboratory in Vancouver, Canada by ICP. Appendix 2-7 shows the results of the analysis.
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Values of trace components to SiO, in parent ferrous elements such as Ni and Co tend to
decrease as SiO; increases independent of the TiO, content. Conversely, the values of
trace components in parent copper elements such as Cu and Pb tend to level off even
though SiO; increases independent of the TiO, content. Ba in granitic rocks that contain
only less than 1% of TiO, decreases as SiO; increases. Ba in granitic rocks containing
more than 1% of TiO, almost levels off (See Fig. 11-2-11.).

The rare earth pattern obtained by normalizing rare earths in granitic rocks of the survey
area using leedey condrite becomes a concave when granitic rocks containing only less
than 1% of TiO, are Eu, while it becomes almost linear with granitic rocks containing
more than 1% of TiO; (See Fig. 11-2-12.).

Rb is estimated to behave together with K, whose ion radius is almost identical and is
believed to thicken in potassium feldspars and mica at the end of magma crystallization
differentiation (Blockley, 1978). When the K,O/Rb ratio is examined, Rb in granitic
rocks that contain more than 1% of TiO, also increases proportionately as K,O increases.
Rb in granitic rocks that contain only less than 1% of TiO; tends to slightly decrease as
K,O increases (See Fig. II-2-13.). This shows that both behave differently and can be
discriminated clearly.

Sr is fetched in an initial stage of magma crystallization differentiation by substituting
part of K in potassium feldspars and part of Ca in plagioclase and is believed to be
contained less in residual liquids of magma (Blockley, 1978). Therefore, the relationship
between CaO and Sr is proportional as Sr also will decrease when CaO decreases after
magma crystallization differentiation progresses (See Fig. II-2-14.).  Because Sr
decreases while Rb increases in case magma crystallization differentiation advances, rock
masses with advanced crystallization differentiation will have higher values when the
Rb/Sr ratio is examined. The ratio with granitic rocks that contain more than 1% of TiO,
is about 0.01, while that of granitic rocks containing only less than 1% of TiO, is about 1.

These can be distinguished clearly in the Rb/Sr ratio also (Fig. II-2-15).

3) Magnetic Susceptibility of Granitic Rocks
The measured magnetic susceptibilities and magnetic susceptibility contour are
presented in Appendix 2-22 and Fig. 11-4-4.
The magnetic susceptibilities of the granitic rocks in the survey area varied greatly,
between 0.06 and 27.7X107 (S.LU.). However, as shown in Fig. 1I-2-9, the magnetic

susceptibilities of granitic rocks that contained only less than 1% of TiO, tended to lower
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as the DI increased. Those granitic rocks that contained more than 1% of TiO, did not
show any trend.

The part of the Preobrazhenskiy composite rock mass that showed more than 1X 10°
(S.I.U.) in magnetic susceptibility was an area of the rock mass from the center to the
northwestern part of it, which coincided with the area which contained less ilmenite, but
contained titanic magnetite and magnetite among opaque minerals contained in granitic
rocks.

The magnetic susceptibilities of dikes composed of quartz porphyry and aplite were

about 0.1 X 10 (S.I.U.) and were very low.

4) Opaque Minerals in Granitic Ores
(1) Modal ratio of opaque mineral

Modal ratios of opaque minerals in granitic rocks measured by a microscope are
presented in Appendix 2-23. Their distribution is plotted in Fig. II-2-3. The
distribution of samples of granitic rocks that could be sampled was not uniform and a
distribution trend of opaque minerals cannot be described unqualifiedly. However,
modal ratios of opaque minerals were slightly high, 1 to 2%, in the center of the
Preobrazhenskiy composite rock mass, while those of opaque minerals in the
northeastern and southwestern seams of the rock mass were low, 0 to 0.4%. This
suggests the trend that TiO, was high, higher the modal ratio of an opaque mineral
was (See Fig. I11-2-3.).

(2) Mineral composition of opaque mineral

Appendix 2-23 shows results of an EDX semi-quantitative analysis by a
microscope of opaque minerals randomly selected and the names of the minerals.
Fig. 1I-2-4 plots ratios and distribution of the minerals.

The selected opaque minerals were ilmenite (Ti 35%), titanic magnetite (Ti 1.5 to
14%) and magnetite (Ti 0%). Ilmenite accounted for all or the majority of opaque
minerals in the center to northeast part of the Preobrazhenskiy composite rock mass,
whereas the part of the rock mass from its center to the northwestern flank was
distributed with rock bodies which showed higher contents of titanic magnetite and
magnetite than ilmenite. The magnetic susceptibility of this part was 1X 107
(S.I.U.) or higher (See Fig. 1I-2-4.). In case rock mass that contains more titanic
magnetite and magnetite is placed in the hinterland of a drift-sand ore bed, the

proportion of ilmenite among heavy minerals in a formed drift-sand ore bed is
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believed small, while possibilities for formation of an ore bed with a low Ti content
would be high.

Tsusue et al. surveyed opaque minerals in granitic rocks of Japan (1974). Tsusue
et al. found that Fe-Ti oxide minerals in granitic rocks in the outer belt, Ryoke belt
and Sanyo - Naegi belt were mainly ilmenite, that these Fe-Ti oxide minerals solution
dissolved hematite end members up to 4 mol%, and that Fe-Ti oxide minerals in
homogeneous rocks in the San-in - Shirakawa belt were mainly magnetite,
accompanying magnetite that formed intergrowth with ilmenite, ilmenite that formed
intergrowth with hematite and other minerals. These differences well harmonize
with the regional distribution of magnetic susceptibilities (Ishihara, 1973). This
survey area has a similarity in that differences of opaque minerals in granitic rocks

can be discriminated by magnetic susceptibility.

2-3-6 Geological structure

The survey area is bordered by the Baladzhalskiy Fault running in the WNW-ESE
direction on its northeastern flank and by the South Terektinskiy Fault on the southwestern
flank. The Preobrazhenskiy composite rock mass intruded into the Bektimirskaya ridge
anticline situated in the middle of them.

Cracks running in the NEN-SWS direction cut the Carboniferous Period layer made up
of the Preobrazhenskiy composite rock mass and pre-granitic rocks. Palaeo-landform
channels deposited with some ilmenite sand ore bodies were believed formed along these
weak lines. These palaeo-landform channels change to the NW-SE direction near the
Baladzhalskiy Fault running in the WNW-ESE direction and the South Terektinskiy Fault
because of dominant cracks in the NW-SE direction.

The Tertiary-Period Aral Formation is a generally flat stratum and covers
Preobrazhenskiy composite rock mass and pre-granitic rocks.

The Quaternary-Period layers are also generally flat strata and cover the Tertiary-Period
Aral Formation. Recent rivers are located in locations that relatively well overlap with

palaeo-landform channels of the Tertiary-Period Aral Formation bed rock.

2-4 Conclusions and Considerations
1) Geology
The order of stratification in the survey area consists of pre-granitic rocks

(Carboniferous Period stratum), granitic rocks intruded into it, Aral Formation of the



Tertiary Period in the Cainozoic Era covering them without conformity and
Quaternary-Period layer that covers all of them without conformity. Weathered crusts are
widely developed in the bedrock of Aral Formation of the Neogene Period.

(1) Pre-granitic rocks

The geology in the area consists of sedimentary rocks (shale, sandstone and
conglomerate), pyroclastic rocks and lava (andesite and porphyrite) of the
Carboniferous Period. From the bottom, the layers are the Kokpekti layer of late
Carboniferous Period (sedimentary rocks, pyroclastic rocks and limestone), Bukon layer
of the mid-Carboniferous Period (conglomerate, sandstone and shale - the upper layer is
shale, coaly shale, sandstone and tuffaceous sandstone), and Maityab layer of the
mid-early Carboniferous Period (andesitic porphyritesand wiching tuff and tuffaceous
sandstone, andesite and, rarely, basaltic and diabasic porphyrite). The solidification
indexes of pyroclastic rocks and lava were 18 or higher and differentiation indexes of
them, below 50. As an opaque mineral, magnetite was contained more than 1%.

(2) Granitic rocks

The area is distributed with Preobrazhenskiy composite rock mass that is considered
to have intruded in the early part of the Permian Period to the mid-Jurassic Period.
The rock mass is ilmenite-series granitic rocks of Type S. Chemical composition
analysis classifies it into granite and monzonite - diorite.

Granite is the bulk of the Preobrazhenskiy rock mass. It is rich in SiO,, Na,O and
K,0, but is lean in FeO, MgO and CaO. The solidification index of it is below 3,
while the differentiation index is 80 or higher. It contains only less than 1% of TiO,.
Monzonite - diorite partially distribute near the center of the Preobrazhenskiy rock mass.
They conversely are lean in SiO;, Na,O and K,O, but is rich in FeO, MgO and CaO.
The solidification indexes of them are higher than 10, while the differentiation indexes
are 60 or less. They contain more than 1% of TiO,. It can be said that TiO, becomes
lean higher the magma crystallization differentiation is.

The rare earth pattern of granitic rocks containing less than 1% of TiO, is almost
linear, while that of monzonite - diorite containing more than 1% of TiO, becomes a
polygon with a concave with Eu. This shows that granite and monzonite - diorite can
be discriminated clearly in trace components also.

Opaque-mineral modal ratios of granitic rocks are 0.7% or less with granite and 1%
or more with monzonite - diorite. Opaque minerals are ilmenite (Ti 35%), titanic

magnetite (Ti 1.5 to 14%), and magnetite (Ti 0%). More magnetite and titanic
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magnetite than ilmenite are contained in granitic rocks that show a magnetic
susceptibility of 1 X 107 S.I.U. or higher, showing the characteristics of
magnetite-series granitoid. Rock masses showing a magnetic susceptibility of 1X 107
S.I.U. or higher are distributed in the northwestern flank of the Preobrazhenskiy
composite rock mass.

Regarding opaque minerals in granitic rocks of Japan, Fe-Ti oxide minerals in
granitic rocks in the outer belt, Ryoke belt and Sanyo - Naegi belt are mainly ilmenite,
solution-dissolving hematite end members. On the other hand, Fe-Ti oxide minerals in
homogeneous rocks in the San-in - Shirakawa belt were mainly magnetite,
accompanying magnetite that formed intergrowth with ilmenite, and ilmenite that
formed intergrowth with hematite. These differences well harmonize with the regional
distribution of magnetic susceptibilities. This survey area has a similarity in that
differences of opaque minerals in granitic rocks can be discriminated by magnetic
susceptibility. Fe-Ti oxide minerals crystallize from granitic magma most early and
magma in a more oxidized state is said to crystallize magnetite. (Tsusue et al. 1974
and 1976, Ishihara et al. 1977) The Preobrazhenskiy intrusive rock mass intruded into
a stratum of the Carboniferous Period that was relatively rich in carbon. It is estimated
that magma started to solidify in the early phase of intrusion under a condition of
relatively low oxygen partial pressure.

(3) Bed-rock weathered crust

Bedrock weathered crusts are clayey weathered remnants that were developed on
sedimentary rocks, volcanic rock and intrusive rock of the Carboniferous Period in
thickness of 10 to 20m. They are covered by the Aral Formation of the Neogene
Period and Quaternary-Period layer. They are strongly influenced by kaolin, sericite
and smectite. Bed-rock weathered crusts are believed formed by chemical weathering
of moist and warm climate at the end of early Cretaceous Period (about 140 million
years ago)

(4) Tertiary-Period Aral Formation

The Tertiary-Period Aral Formation covers pre-granitic rocks and intrusive rocks, as
well as their weathered crusts, without conformity. The formation is covered without
conformity by the layer of the Quaternary Period. The formation is 20 to 50m in
thickness. The layer consists of clay, sandy clay and clayey sand comprising quartz,
kaolin, smectite and a small amount of sericite. The rarely contains gravel beds.

Ilmenite drift-sand ore beds are deposited in sandy clay to clayey sand that is located
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as narrow seams in the bottom or parts near the bottom of this layer.
(5) Quaternary-Period layer
The Quaternary-Period layer consists of gravel, loam, clay and Recent riverbed
sediments of the Diluvium 5 to 10m in thickness that cover without conformity the

Neogene-Period Aral Formation and directly pre-granitic rocks and intrusive rock.

2) Geological Structure

The survey area is bordered by the Baladzhalskiy Fault on its northeastern flank and by
the South Terektinskiy Fault on the southwestern flank. The Preobrazhenskiy composite
rock mass intruded into the Bektimirskaya ridge anticline situated in the middle of them.

The cracks running in the NEN-SWS direction cut the Carboniferous Period layers made
up of the Preobrazhenskiy composite rock mass and pre-granitic rocks. Palaeo-landform
channels deposited with some ilmenite sand ore bodies were believed formed along these
weak lines. These palaeo-landform channels change to the NW-SE direction near the
Baladzhalskiy Fault running in the WNW-ESE direction and the South Terektinskiy Fault
because of dominant cracks in the NW-SE direction.

The Tertiary-Period Aral Formation is a generally flat stratum and covers
Preobrazhenskiy composite rock mass and pre-granitic rocks.

The Quaternary-Period layers are generally flat strata and cover the Tertiary-Period Aral
Formation. Recent rivers are located in locations that relatively well overlap with

palaeo-landform channels of the Tertiary-Period Aral Formation bed rock.
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Chapter 3 Drilling Survey

3-1 Purposes of the Survey

The boring survey was conducted to capture ore beds in an area on the southern
extensions of Bektimir Placers No. 1 and 3, which are known ore beds. The survey was
undertaken to grasp the development status of ore beds and to confirm ore reserves, as well
as to capture orders of stratification and ore beds near the northwestern flank of the
Preobrazhenskiy composite rock mass in the northern flank of Bektimir. Another purpose

of the survey was to determine the development status of these ore beds.

3-2 Method of the Survey
1) Outline of Work

Using the personnel and equipment procured by a local boring company,
GEOINCENTER, boring work was undertaken in 20 pits in the southern flank of
Bektimir Placer No. 1 (detailed survey area) totaling 1,033.0m in drilling length, in 25
pits in the southern flank of Bektimir Placer No. 3 (reconnaissance survey area)
totaling 903.5m in drilling length and in 5 pits in the southern flank (reconnaissance
survey area) totaling 335.0m in drilling length.

The locations of the boring pits are shown in Figs. II-3-1 and 2.

Table II-3-1 summarizes the drilling length, core recovery rate and efficiency for
each pit. Drilling work hours, consumables spent and other information related to the
boring work are summarized in Tables 11-3-2 to 5. Main machines and equipment,
work results of each pit and process flow are summarized in Appendixes 3-1 to 3-3.

(1) Southern Flank of Bektimir Placer No. 1  (Detailed Survey District)
Drilling was conducted in 20 pits along six traverse lines (Traverse Lines 34, 30,

26, 22, 18 and 14) in a grid of 500 X200m over 2.5km on the southern flank of the

confirmed III-C, Ore Reserves Block of Bektimir Placer No. 1. The boring lengths

totaled 1,033.0m.

Two percussion-type drilling rigs manufactured in Russia (model UGB-3UK) were
used.

As a rule, drilling was performed two shifts per day, working eight hours per shift.

When the drilling were installed and removed, work was performed only one shift

per day.

The personnel per team were one engineer, two machine leaders, three assistants,
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one foreman and two workers for water carrying, totaling nine persons.

The boring rig and equipment were moved and installed using a truck and tractor.

The surface soil and gravel layer mixed with cobblestone was drilled by a bailer
240mm in diameter, and 10” casing pipes were driven and inserted. The drilling
work in Year 2 was difficult as many calcretes, which had gravel hardened with lime
carbonate, emerged. Clay, clayey sand and weathered crusts of the Aral Formation
were drilled by the percussion method driving a sampler 190mm in diameter.

The boring work was performed from July 2 to August 31, 2001, or 61 days in

total.

(2) Southern Flank of Bektimir Placer No. 3 (Reconnaissance Survey District)

Drilling was conducted in 25 pits along Traverse Lines 1G, 2G and 3G and with
Traverse Lines 114G and 116G, which crossed them orthogonally, at spacings of 400
or 600m totaling 903.5m.

One rotary-type drilling rig manufactured in Russia (model UGB-2A-2) was used.

As a rule, drilling was performed two shifts per day, working eight hours per shift.
When the drilling were installed and removed, work was performed only one shift
per day.

The personnel per team were one engineer, two machine leaders, three assistants,
one foreman, one mechanic and two workers for water carrying, totaling ten persons.

The boring rig and equipment were moved and installed using a truck and tractor.

Drilling mud was carried to the site by a 2m’ tank lorry.

The surface soil and gravel layer mixed with cobblestone was drilled by the
ordinary rotary drilling method using a 4” Tricone bits. Drilling was performed by
circulating bentonite and 127mm casing pipes were driven and inserted. Clay,
clayey sand and weathered crusts of the Aral Formation were drilled by the ordinary
rotary drilling method using a 92mm-diameter metal bit while circulating bentonite
drilling mud.

The boring work was performed from July 2 to August 11, 2001, or 41 days in

total.

(3) Bektimir Northern Placer (Reconnaissance Survey District)

Drilling was conducted in 5 pits along one traverse line at spacing of 1,000
totaling 335.0m.
One rotary-type drilling rig manufactured in Russia (model UGB-2A-2) was used.

As a rule, drilling was performed two shifts per day, working eight hours per shift.
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When the drilling were installed and removed, work was performed only one shift
per day.

The personnel per team were one engineer, two machine leaders, three assistants,
one foreman, one mechanic and two workers for water carrying, totaling ten persons.

The boring rig and equipment were moved and installed using a truck and tractor.

Drilling mud was carried to the site by a 2m’ tank lorry.

The surface soil and gravel layer mixed with cobblestone was drilled by the
ordinary rotary drilling method using a 4” Tricone bit. Drilling was performed by
circulating bentonite and 127mm casing pipes were driven and inserted. Clay,
clayey sand and weathered crusts of the Aral Formation were drilled by the ordinary
rotary drilling method using a 92mm-diameter metal bit while circulating bentonite
drilling mud.

The boring work was performed from August 12 to 25, 2001, or 14 days in total.

3-3 Survey Findings
3-3-1 Geology
1) Bed-Rock Weathered Crust (C,.3mt)

Bed-rock weathered crusts are weathered crusts developed on sedimentary rocks,
volcanic rocks and intrusive rocks of the Carboniferous Period by chemical weathering in
tropical moist climate in the latter part of the Cretaceous Period (Denmark Epoch, about
140 million years ago). (Erofeyev, 1969)

Weathered crusts that made sandstone and shale of the Bukon layer (C,bk) of the
mid-Carboniferous Period distributed in southwest of the Preobrazhenskiy composite rock
mass as source rocks could be found in the boring survey area. Weathered crusts are
fragile and are bleached and discolored to grayish white with a brownish tint. When wet,
weathered crusts can be crushed easily by hand. Only stratification structures are
sometimes left, but their complete structures are generally unclear. Boundaries with the
Aral Formation of the Tertiary Period, which covers weathered crusts without conformity,
often move slowly.

According to powder X-ray diffraction analysis, these weathered crusts are mainly
composed of kaolin, sometimes mixing smectite and sericite. = Small amounts of
plagioclase and potassium feldspars sometimes accompany them (See Appendix 2-4.).
Shallow weathering is caused by physical and biological weathering action on the upper

part of the surface based on changes of climatic conditions on the ground surface so that
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an interstitial surface, through which interstitial water can easily move is formed.
Chemical reaction between surface water and rock causes oxidation, reduction and
carbonization and soluble substances precipitate, erode and reprecicipate (Shoji, 1971).
Through this process, potassium feldspars in granitic rocks change to kaolin and chemical
weathering would be performed imperfectly, generating illite when some portion of K is

still left.

2) Aral Formation of Tertiary Period (N,'?ar)

The Aral Formation of the Tertiary Period covers weathered crusts without conformity
and is covered widely by Quaternary-Period layers. Sedimentation is believed started
beginning around the Oligocene Epoch of the Tertiary Period (about 40 million years ago).
(Erofeyev, 1969)

This layer is 20 to 50m in thickness and consists of clay, sandy clay and clayey sand
layer, rarely containing gravel layers of narrow seams. In a wet condition, this layer is
slightly soft and is fluid. When it is dry, it checks and cracks, becoming fragile. Based
on rock facies, the formation is divided into lower and upper beds.

Lower bed: The lower bed is made up of dense and light gray clayey fine sand and dark
gray sandy clay, sometimes sandwiching light gray sand layers of fine grains to coarse
grains. Dark gray sandy clay is dense and is similar to paddy soil. It contains organic
substances and wooden fragments. Sand layers are 1 to 10m in thickness and are located
thinly directly above unconformity planes or 4 to 15m above unconformity planes. Some
parts are contaminated brown by limonite dissemination or nodules of small lumps.
Quartz subrounded gravel is often contained in the base. Light gray sand layers
accompany thickened ilmenite seams and contain ilmenite drift-sand ore beds. According
to powder X-ray diffraction analysis, sandy clay layers contain large amounts of quartz
and plagioclase, medium amounts of kaolin and smectite, and small amount of sericite.
Light gray sand layers are made up of a large amount of quartz, a medium amount of
kaolin, and sometimes plagioclase. Smectite is contained only occasionally.

Upper bed: This layer consists of dense clay in various colors, brownish gray, light
reddish brown and yellowish gray. It is characterized by limonite contamination,
limonite in a vein form, and oolith of manganese hydroxide 3 to Smm in diameter. In
powder X-ray diffraction analysis, a medium amount of kaolin is accompanied in a large
amount of quartz, frequently containing smectite and a small amount of plagioclase.

3) Quaternary-Period Layer (Q)
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This layer is 5 to 10m in thickness and is composed of unsolidified cobblestone, gravel
and silt and widely covers the Aral Formation of the Tertiary Period without conformity.
Gravel kinds are mostly shale and sandstone of the Carboniferous Period. The southern
flank of Bektimir Placer No. 1 contains calcretes, which are less than 2m in thickness and
have gravel hardened with lime carbonate, in depths of about 10m. This layer does not
contain prominent thickened ilmenite seams. However, some parts of the Bektimir Placer

No. 2 accompany thickened ilmenite seams in the base of this layer (Geoincentre, 1999).

3-3-2 Southern Flank of Bektimir Placer No. 1

Drilling was conducted in 20 pits along six traverse lines (Traverse Lines 34, 30, 26, 22,
18 and 14) in a grid of 500 X200m over 2.5km on the southern flank of the confirmed
III-C; Ore Reserves Block of Placer No. 1. The boring lengths totaled 1,033.0m.

The results of the boring survey are shown in geological cross sections of the boring
area (Figs. 11-3-3 to 6).

The ore bed is contained in a wide palaeo-landform channel in the Aral Formation bed
rock in the NEN-SWS direction. Two more channels exist inside the palaco-landform
channel. Thickened ilmenite seams deposit directly on the bedrock in the eastern flank.
Part of the western flank of the ore bed is contained in the bottom of the Aral Formation.
The ore bed captured in boring measured 1.8 to 10.0m in thickness. The ilmenite content
was 94 to 216kg/m’. The overburden on the ore bed was 25 to 53m in thickness.

Regarding Traverse Lines 34 and 30, the results of MIBK-19 and MJBK-24 confirmed
deterioration in ore bed thickness and grade on the western flank of the ore body (1.6m X
23.44kg/m’>, 1.3m X 119.46kg/m’).  Closure of the ore bed could be determined.
Regarding Traverse Lines 30 and 26, the results of MJBK-20 and MJBK-25 confirmed
deterioration in ore bed thickness and grade on the eastern flank of the ore body (3.2m X
55.82kg/m’, 1.5m X 50.04kg/m’). MIJBK-37 (no signs of ore bearing) confirmed the
southern limit of thickened ilmenite seams and a change in the ore bed extension direction
from NEN-SWS to NW-SE could be estimated.

1) MJBK-18 (Direction -, inclination -90°, drilling length 33.0m) (Line 34)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone
from the well-head to the depth of 6.50m, clay of the Aral Formation between the
depths of 6.50 and 28.50m, and weathered crusts between the depth of 28.50m and pit

bottom.
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(2) Thickened ilmenite seam
As shown in Fig. II-3-2, a thickened ilmenite seam (thickness 3.50m, ilmenite
content 215.79kg/m3) could be captured between the depths of 25.00 and 28.50m.
2) MJBK-19 (Direction -, inclination -90°, drilling length 44.0m) (Line 34)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone
from the well-head to the depth of 7.50m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 7.50 and 42.00m, and weathered crusts between the
depth of 42.00m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. 1I-3-2, a weak thickened ilmenite seam (thickness 1.60m, ilmenite
content 23.445kg/m3) could be captured between the depths of 28.00 and 29.60m.
3) MJBK-20 (Direction -, inclination -90°, drilling length 37.0m) (Line 30)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone
from the well-head to the depth of 7.40m, clay and sandy clay of the Aral Formation
between the depths of 7.40 and 34.20m, and weathered crusts between the depth of
34.20m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-2, a weak thickened ilmenite seam (thickness 3.20m, ilmenite
content 55.82kg/m’) could be captured between the depths of 31.00 and 34.20m.
4) MJBK-21 (Direction -, inclination -90°, drilling length 43.0m) (Line 30)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 10.00m, clay and sandy clay of the Aral Formation
between the depths of 10.00 and 41.20m, and weathered crusts between the depth of
41.20m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. 11-3-3, a thickened ilmenite seam (thickness 3.70m, ilmenite content
128.45kg/m3) could be captured between the depths of 37.50 and 41.20m.
5) MJBK-22 (Direction -, inclination -90°, drilling length 65.0m) (Line 30)
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(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 9.00m, clay and sandy clay of the Aral Formation between
the depths of 9.00 and 58.00m, redeposited weathered crusts between the depths of
29.90 and 34.00m, and weathered crusts between the depth of 58.00 and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-3, a thickened ilmenite seam (thickness 5.00m, ilmenite
content 190.68kg/m3) could be captured between the depths of 37.80 and 42.80m.
6) MJBK-23 (Direction -, inclination -90°, drilling length 60.0m) (Line 30)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the wellhead to the depth of 10.00m and clay, sandy clay and clayey sand of the Aral
Formation between the depths of 10.00m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-3, a thickened ilmenite seam (thickness 1.90m, ilmenite
content 167.40kg/m3) could be captured between the depths of 38.10 and 40.00m.
7) MJBK-24 (Direction -, inclination -90°, drilling length 58.0m) (Line 30)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 8.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 8.00 and 56.20m, and weathered crusts between the
depth of 56.20m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-3, a thickened ilmenite seam (thickness 1.30m, ilmenite
content 119.46kg/m3) could be captured between the depths of 40.80 and 42.10m.
8) MJBK-25 (Direction -, inclination -90°, drilling length 43.0m) (Line 26)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 10.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 10.00 and 39.50m, and weathered crusts between the

depth of 39.50m and pit bottom.
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(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. 1I-3-4, a weak thickened ilmenite seam (thickness 1.50m, ilmenite
content 50.04kg/m3) could be captured between the depths of 37.00 and 38.50m.
9) MJBK-26 (Direction -, inclination -90°, drilling length 50.0m) (Line 26)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 10.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 9.00 and 48.70m, and weathered crusts between the
depth of 48.70m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-4, a thickened ilmenite seam (thickness 2.50m, ilmenite
content 110.48kg/m3) could be captured between the depths of 38.00 and 40.50m.
10) MJBK-27 (Direction -, inclination -90°, drilling length 50.0m) (Line 26)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 9.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 9.00 and 48.00m, and weathered crusts between the
depth of 48.00m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-4, a thickened ilmenite seam (thickness 5.50m, ilmenite
content 94.37kg/m3) could be captured between the depths of 39.00 and 44.50m.
11) MJBK-28 (Direction -, inclination -90°, drilling length 54.0m) (Line 26)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 8.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 8.00 and 51.50m, and weathered crusts between the
depth of 51.50m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-4, a thickened ilmenite seam (thickness 5.00m, ilmenite

content 121.01kg/m3) could be captured between the depths of 43.50 and 48.50m.
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12) MJBK-29 (Direction -, inclination -90°, drilling length 58.0m) (Line 26)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 9.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 9.00 and 55.80m, and weathered crusts between the
depth of 55.80m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-4, a thickened ilmenite seam (thickness 5.00m, ilmenite
content 117.70kg/m3) could be captured between the depths of 43.00 and 48.00m.
13) MJBK-30 (Direction -, inclination -90°, drilling length 60.0m) (Line 26)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 8.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 8.00 and 56.30m, and weathered crusts between the
depth of 56.30m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-4, a thickened ilmenite seam (thickness 3.00m, ilmenite
content 200.25kg/m3) could be captured between the depths of 40.50 and 43.50m.
14) MJBK-31 (Direction -, inclination -90°, drilling length 51.0m) (Line 22)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 10.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 10.00 and 49.70m, and weathered crusts between the
depth of 49.70m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-5, a thickened ilmenite seam (thickness 3.50m, ilmenite
content 131.62kg/m3) could be captured between the depths of 46.00 and 49.50m.
15) MJBK-32 (Direction -, inclination -90°, drilling length 58.0m) (Line 22)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from

the well-head to the depth of 8.00m, clay, sandy clay and clayey sand of the Aral
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Formation between the depths of 8.00 and 57.90m, and weathered crusts between the
depth of 57.90m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-5, a thickened ilmenite seam (thickness 5.00m, ilmenite
content 98.13kg/m3) could be captured between the depths of 53.00 and 58.00m.
16) MJBK-33 (Direction -, inclination -90°, drilling length 53.0m) (Line 22)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 9.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 9.00 and 51.00m, and weathered crusts between the
depth of 51.00m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-5, a thickened ilmenite seam (thickness 10.00m, ilmenite
content 132.95kg/m3) could be captured between the depths of 41.00 and 51.00m.
17) MJBK-34 (Direction -, inclination -90°, drilling length 60.0m) (Line 22)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 9.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 9.00 and 44.00m, and weathered crusts between the
depth of 44.00m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-5, a thickened ilmenite seam (thickness 3.40m, ilmenite
content 162.39kg/m3) could be captured between the depths of 42.00 and 45.40m.
18) MJBK-35 (Direction -, inclination -90°, drilling length 60.0m) (Line 22)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 8.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 8.00 and 57.80m, and weathered crusts between the
depth of 57.80m and pit bottom.
(2) Thickened ilmenite seam

The main thickened ilmenite seam is shown in Table II-3-6.
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As shown in Fig. II-3-5, a thickened ilmenite seam (thickness 1.80m, ilmenite
content 201.71kg/m3) could be captured between the depths of 43.00 and 44.80m.
19) MJBK-36 (Direction -, inclination -90°, drilling length 51.0m) (Line 18)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 5.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 5.00 and 50.20m, and weathered crusts between the
depth of 50.20m and pit bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-6.
As shown in Fig. II-3-6, a thickened ilmenite seam (thickness 9.30m, ilmenite
content 111.84kg/m3) could be captured between the depths of 41.00 and 50.30m.
20) MJBK-37 (Direction -, inclination -90°, drilling length 37.0m) (Line 14)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 7.50m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 7.50 and 44.00m, and weathered crusts between the
depth of 44.00m and pit bottom.
(2) Thickened ilmenite seam

As shown in Table II-3-6, thickened ilmenite seams could not be captured.

3-3-3 Southern Flank of Bektimir Placer No. 3
The results of the boring survey are shown in geological cross sections of the boring area
(Figs. II-3-7 to 11).

Drilling was conducted in 25 pits along Traverse Lines 1G, 2G and 3G and along
Traverse Lines 114G and 116G orthogonally crossing the foregoing traverse lines, at
spacings between 400 and 600m. The boring lengths totaled 903.5m. Thickened
ilmenite seams with a cut-off content of 100kg/m’ or higher could be confirmed with six
of the 25 pits.

The ore bed is contained directly above two parallel palaco-landform channels in the
Aral Formation bedrock in the N30° E direction. The width of the ore bed is estimated
to be about 200m and is narrow compared with that of Placer No. 2. The thicknesses of
the ore body captured by the boring were 1.5 to 4.4m and ilmenite content was 111 to

181kg/m’. The overburden on the ore bed was 23 to 30m in thickness and the thickness
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of overburden increased toward the southern flank, namely, toward the downstream.
1) MJBKS-1 (Direction -, inclination -90°, drilling length 40.0m) (Line 2G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 11.00m, clay and sandy clay of the Aral Formation
between the depths of 11.00 and 28.00m, redeposited weathered crusts between the
depths of 24.00 and 27.20m and weathered crusts between the depth of 28.00m and pit
bottom.
(2) Thickened ilmenite seam
The main thickened ilmenite seam is shown in Table II-3-7.
As shown in Fig. II-3-8, a weak thickened ilmenite seam (thickness 5.00m, ilmenite
content 4.04kg/m3) could be captured between the depths of 20.00 and 25.00m.
2) MJBKS-2 (Direction -, inclination -90°, drilling length 40.5m) (Line 2G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 10.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 10.00 and 28.00m, and weathered crusts between the
depth of 28.00m and pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. I1-3-8, thickened ilmenite seams could not be captured.
3) MJBKS-3 (Direction -, inclination -90°, drilling length 35.00m) (Line 2G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 12.00m, clay and sandy clay of the Aral Formation
between the depths of 12.00 and 26.00m, and weathered crusts between the depth of
26.00m and pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. I1-3-8, thickened ilmenite seams could not be captured.
4) MJBKS-4 (Direction -, inclination -90°, drilling length 31.00m) (Line 1G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 16.00m and weathered crusts between the depth of 16.00
and pit bottom.

(2) Thickened ilmenite seam
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As shown in Fig. 11-3-7, thickened ilmenite seams could not be captured.
5) MJBKS-5 (Direction -, inclination -90°, drilling length 32.0m) (Line 1G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 12.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 12.00 and 18.00m, and weathered crusts between the
depth of 18.00m and pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. I1-3-7, thickened ilmenite seams could not be captured.
6) MJBKS-6 (Direction -, inclination -90°, drilling length 42.0m) (Line 1G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 14.00m and weathered crusts between the depth of 14.00
and pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. 11-3-7, thickened ilmenite seams could not be captured.
7) MJBKS-7 (Direction -, inclination -90°, drilling length 33.00m) (Line 1G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 12.00m, clay and sandy clay of the Aral Formation
between the depths of 12.00 and 28.30m, and weathered crusts between the depth of
28.30m and pit bottom.
(2) Thickened ilmenite seam
Main thickened ilmenite seams are shown in Table 11-3-7.
As shown in Fig. II-3-7, a thickened ilmenite seam (thickness 3.20m, ilmenite
content 113.33kg/m3) could be captured between the depths of 24.80 and 27.00m.
8) MJIBKS-8 (Direction -, inclination -90°, drilling length 30.50m) (Line 1G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 12.00m and weathered crusts between the depth of 12.00m
and pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. I1-3-7, thickened ilmenite seams could not be captured.

9) MJBKS-9 (Direction -, inclination -90°, drilling length 29.0m) (Line 1G)
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(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 11.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 11.00 and 21.00m and weathered crusts between the
depth of 21.00m and pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. 11-3-7, thickened ilmenite seams could not be captured.
10) MJBKS-10 (Direction -, inclination -90°, drilling length 25.0m) (Line 1G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 11.00m and weathered crusts between the depth of 11.00m
and pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. I1-3-7, thickened ilmenite seams could not be captured.
11) MJBKS-11 (Direction -, inclination -90°, drilling length 35.0m) (Line
114G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 10.00m, clay and sandy clay of the Aral Formation
between the depths of 10.00 and 25.10m, and weathered crusts between the depth of
25.10m and pit bottom.
(2) Thickened ilmenite seam
Main thickened ilmenite seams are shown in Table 11-3-7.
As shown in Fig. II-3-10, a thickened ilmenite seam (thickness 2.00m, ilmenite
content 112.42kg/m’) could be captured between the depths of 23.00 and 25.00m.
12) MJBKS-12 (Direction -, inclination -90°, drilling length 39.0m) (Line
116G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 9.00m and weathered crusts between the depth of 9.00 and
pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. II-3-11, thickened ilmenite seams could not be captured.

13) MJBKS-13 (Direction -, inclination -90°, drilling length 34.0m) (Line
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116G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 8.50m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 8.50 and 32.00m, and weathered crusts between the
depth of 32.00m and pit bottom.
(2) Thickened ilmenite seam
Main thickened ilmenite seams are shown in Table 11-3-7.
As shown in Fig. II-3-11, a thickened ilmenite seam (thickness 1.50m, ilmenite
content 117.36kg/m3) could be captured between the depths of 30.50 and 32.00m.
14) MJBKS-14 (Direction -, inclination -90°, drilling length 37.0m) (Line
114G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 9.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 9.00 and 28.00m, and weathered crusts between the
depth of 28.00m and pit bottom.
(2) Thickened ilmenite seam
Main thickened ilmenite seams are shown in Table 11-3-7.
As shown in Fig. II-3-10, a weak thickened ilmenite seam (thickness 1.00m, ilmenite
content 4.02kg/m3) could be captured between the depths of 24.00 and 25.00m.
15) MJBKS-15 (Direction -, inclination -90°, drilling length 33.0m) (Line 3G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 7.00m, clay and sandy clay of the Aral Formation between
the depths of 7.00 and 28.50m, redeposited weathered crusts between the depths of
23.00 and 32.80, and weathered crusts between the depth of 28.50m and pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. 11-3-19, thickened ilmenite seams could not be captured.
16) MJBKS-16 (Direction -, inclination -90°, drilling length 45.0m) (Line 3G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 9.00m, clay, sandy clay and clayey sand of the Aral

Formation between the depths of 9.00 and 41.60m, and weathered crusts between the
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depth of 41.60m and pit bottom.
(2) Thickened ilmenite seam
Main thickened ilmenite seams are shown in Table 11-3-7.
As shown in Fig. II-3-9, a thickened ilmenite seam (thickness 3.60m, ilmenite
content 180.7kg/m3) could be captured between the depths of 29.50 and 33.10m.
17) MJBKS-17 (Direction -, inclination -90°, drilling length 40.0m) (Line 3G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 9.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 9.00 and 33.30m, and weathered crusts between the
depth of 33.30m and pit bottom.
(2) Thickened ilmenite seam
Main thickened ilmenite seams are shown in Table 11-3-7.
As shown in Fig. II-3-9, a thickened ilmenite seam (thickness 0.20m, ilmenite
content 180.00kg/m3) could be captured between the depths of 33.10 and 33.30m.
18) MJBKS-18 (Direction -, inclination -90°, drilling length 35.00m) (Line
3G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 8.00m, clay and sandy clay of the Aral Formation between
the depths of 8.00 and 32.50m, and weathered crusts between the depth of 31.50m and
pit bottom.
(2) Thickened ilmenite seam
Main thickened ilmenite seams are shown in Table 11-3-7.
As shown in Fig. 1I-3-9, a weak thickened ilmenite seam (thickness 0.80m, ilmenite
content 15.95kg/m’) could be captured between the depths of 22.00 and 22.80m.
19) MJBKS-19 (Direction -, inclination -90°, drilling length 35.0m) (Line 3G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 8.00m, clay and sandy clay of the Aral Formation between
the depths of 8.00 and 31.50m, and weathered crusts between the depth of 31.50m and
pit bottom.
(2) Thickened ilmenite seam

As shown in Fig. 11-3-9, thickened ilmenite seams could not be captured.
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20) MJBKS-20 (Direction -, inclination -90°, drilling length 43.0m) (Line 3G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 7.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 7.00 and 39.10m, and weathered crusts between the
depth of 39.10m and pit bottom.
(2) Thickened ilmenite seam
Main thickened ilmenite seams are shown in Table 11-3-7.
As shown in Fig. 11-3-9, thickened ilmenite seams could not be captured.
21) MJBKS-21 (Direction -, inclination -90°, drilling length 37.0m) (Line 3G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 6.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 6.00 and 32.00m, and weathered crusts between the
depth of 32.00 and pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. 11-3-9, thickened ilmenite seams could not be captured.
22) MJBKS-22 (Direction -, inclination -90°, drilling length 32.0m) (Line 3G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 7.00m, clay and sandy clay of the Aral Formation between
the depths of 7.00 and 27.00m, and weathered crusts between the depth of 27.00m and
pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. 11-3-9, thickened ilmenite seams could not be captured.
23) MJBKS-23 (Direction -, inclination -90°, drilling length 40.00m) (Line
3G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 7.00m, clay and sandy clay of the Aral Formation between
the depths of 7.00 and 37.00m, and weathered crusts between the depth of 37.00m and
pit bottom.
(2) Thickened ilmenite seam

As shown in Fig. 11-3-9, thickened ilmenite seams could not be captured.
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24) MIJBKS-24 (Direction -, inclination -90°, drilling length 41.0m) (Line
114G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 7.00m, clay, sandy clay and clayey sand of the Aral
Formation between the depths of 7.00 and 40.00m, and weathered crusts between the
depth of 40.00m and pit bottom.
(2) Thickened ilmenite seam
As shown in Fig. 11-3-10, thickened ilmenite seams could not be captured.
25) MJBKS-25 (Direction -, inclination -90°, drilling length 34.00m) (Line
116G)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 7.60m, clay and sandy clay of the Aral Formation between
the depths of 7.60 and 30.90m, and weathered crusts between the depth of 30.90m and
pit bottom.
(2) Thickened ilmenite seam

As shown in Fig. II-3-11, thickened ilmenite seams could not be captured.

3-3-4 North of Bektimir
The results of the boring survey are shown in geological cross sections of the boring area
(Fig. 11-3-12).
1) MJBKN-1 (Direction -, inclination -90°, drilling length 67.00m) (Line 1C)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 7.00m, clay and sandy clay of the Aral Formation between
the depths of 7.00 and 64.90m, and weathered crusts between the depth of 64.90m and
pit bottom.
(2) Thickened ilmenite seam
Thickened ilmenite seams could not be captured in this pit.
2) MJBKN-2 (Direction -, inclination -90°, drilling length 70.00m) (Line 1C)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from

the well-head to the depth of 2.50m, clay, sandy clay and clayey sand of the Aral
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Formation between the depths of 2.50 and 66.40m, and weathered crusts between the
depth of 66.40m and pit bottom.
(2) Thickened ilmenite seam
Thickened ilmenite seams could not be captured in this pit.
3) MJBKN-3 (Direction -, inclination -90°, drilling length 68.00m) (Line 1C)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 4.00m, clay and sandy clay of the Aral Formation between
the depths of 4.00 and 69.30m, and weathered crusts between the depth of 69.30m and
pit bottom.
(2) Thickened ilmenite seam
Thickened ilmenite seams could not be captured in this pit.
4) MJBKN-4 (Direction -, inclination -90°, drilling length 60.00m) (Line 1C)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 9.50m, clay and sandy clay of the Aral Formation between
the depths of 9.50 and 59.50m, and weathered crusts between the depth of 59.50m and
pit bottom.
(2) Thickened ilmenite seam
Thickened ilmenite seams could not be captured in this pit.
5) MJBKN-5 (Direction -, inclination -90°, drilling length 70.00m) (Line 1C)
(1) Geology
The geology consisted of a gravel layer mixed with surface soil and cobblestone from
the well-head to the depth of 24.50m and clay, sandy clay and clayey sand of the Aral
Formation between the depths of 24.50m and pit bottom.
(2) Thickened ilmenite seam

Thickened ilmenite seams could not be captured in this pit.

3-3-5 Ore reserves estimation

Approximate ore reserves and potentials were estimateed for the southern flanks of

Bektimir Placers No. 1 and 3, respectively. Only slight signs of ilmenite thickening could

be captured for the northern district of Bektimir and ore reserves calculations for this

district were not made.

1) Ore Reserves Calculations for Southern District of Bektimir Placer No. 1

- 103 -



Drilling was conducted in Year 2 along three traverse lines in a grid of 500 X200m over
1km on the southern flank of the confirmed III-C, Ore Reserves Block of Bektimir Placer
No.1. Based on the results of the boring survey, approximate ore reserves for assay of
captured ore reserves were calculated on a trial basis.

1) Calculation Method

(1) Grade analysis and calculation
Those thickened ilmenite seams that were captured in the boring were sampled by
cutting cores 1 m in maximum length and 0.3m in minimum length to 1/4. Wet and dry
weights of the samples were weighed and whole samples were perfectly disintegrated in
water, to separate quartz, feldspars, heavy minerals and clay grains. Almost 100% of
heavy minerals were less than 1.0mm in grain size. After drying the samples, grains
less than 1.0mm in grain size were sieved on a sieve of 1.0mm mesh. The grains that
passed the sieve were separated by a heavy liquid (7' 7 2 7" /L ) to sort out heavy
minerals, which were separated into ilmenite, zircon, rutile, leucoxene and other heavy
minerals by magnetic, electrostatic and other separation methods. Their weights were
weighed. Weighted weights were divided by dry weights of the samples and contents
per ton of samples were calculated. Assuming the density per cubic meter of mineral
to be 1.8, grades per cubic meter of ore beds were calculated by multiplying grade per
ton by 1.8.
G =M/OX1000X1.8
G: Ilmenite grade (content) per kg/m3
M: Dry weight of separated ilmenite (g)
O: Dry weight of sample (kg)
(2) Ore beds for ore reserves calculation
The average grades of thickened ilmenite seams confirmed in the boring were
calculated as weighted averages of cores. Of them, grades higher than 100kg/m’ were
taken as ore beds. If thickened ilmenite seams were located in upper layers, grades
higher than 70kg/m’ were included in ore beds. Deposits more than 2.0m in thickness
X 100 kg/m’ in grade were defined as ore beds.
(3) Range of block
In case an ore bed could not be confirmed by boring of an extended part of an ore
bed captured in the boring survey, up to the middle point was defined the range of a
block. If the extended part of an ore bed captured in boring is not explored and is not

closed, as a rule, up to 50m from ore-bed capturing boring was defined the range of a
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block (IV-C2) (See Fig. 11-3-13.).
(4) Grade for each block
The grade of an ore bed confirmed in boring was weighted averaged by the thickness
of the ore bed and was defined as the block grade for each traverse line. The average
grade of all blocks was then calculated (Table 11-3-8).
(5) Ore reserves
Ilmenite ore reserves of each block were calculated by the following expression
(Table I-5-1).:
V=SXWXCX1/1,000
V: Ilmenite ore reserves (t)
S: Plane area of an ore bed = 1,364,000m2
W: Average thickness of ore bed = 4.76m
C: Average ilmenite grade of ore beds = 131.93kg/m’
V =1,364,000X4.76X131.93 X 1/1,000 = 856,574
2) Calculation Results
Trial calculations of ore reserves of the southern extension part of Bektimir Placer No. 1
in Year 2 produced 6.5 million m® as captured ore sand reserves of C, Category, ilmenite
grade of 131.93kg/m’, ilmenite ore reserves of 857,000 tons, and stripping ratio of 8.3
(Table I-5-1).

2) Ore Potentials of Southern Flank of Bektimir Placer No. 3
Reconnaissance boring was conducted in the southern flank of Bektimir Placer No. 3 in
Year 2 in grids of 400 X400 to 400 X 600m to confirm thickened ilmenite seams estimated to
deposit in two parallel palaeo-landform channels.
(1) Ore Reserves
Only six boring pits could be confirmed with a grade higher than 100kg/m’. This
number was not sufficient for ore reserves calculations. However, ore reserves were
calculated on a trial basis, defining an area 100m in radius of the boring pits that hit ores.
i) Calculation method
(1) Grade analysis and calculation
The same analysis and calculation methods as those for Bektimir Placer No. 1 were
used.
(2) Target ore bed for ore reserves calculations

The same ore beds as those for Bektimir Placer No. 1 were used.
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(3) Range of block
An area 100m in radius from the centers of ore beds captured in the boring was
defined the range of a block.
(4) Grade per block
Grades of ore beds confirmed in the boring were weighted averaged by the
thicknesses of the ore beds to obtain a block grade for each traverse line. The average
grade of all blocks was then calculated (Table 11-3-9).
(5) Ore reserves
Ilmenite ore reserves of each block were calculated by the following expression
(Table I-5-2):
V=SXWXCX1/1,000
V: Ilmenite ore reserves (t)
S: Plane area of an ore bed = 188,400m2
W: Average thickness of ore bed = 2.76m
C: Average ilmenite grade of ore beds = 130.05kg/m’
V =188,400X2.76 X 130.05X 1/1,000 = 67,600
i1) Calculation Results

Trial calculations of ore reserves of the southern flank of Bektimir Placer No. 3 in Year 2

produced 0.52 million m® as ore reserved, ilmenite grade of 130.05kg/m’, ilmenite ore

reserves of 68,000 tons, and stripping ratio of 9.7 (Table 11-3-9).

(2) Potential Calculation

Potential calculations in a very bold fashion assuming that the boring pits in the

palaeo-landform channels that hit an ore bed were continuous produced the following results.

These results can be used as a criterion in setting exploration guidelines.

i) Calculation method

(1) Grade analysis and calculation

The same analysis and calculation methods as those for Bektimir Placer No. 1
were used.

(2) Target ore bed for ore reserves calculations
The same ore beds as those for Bektimir Placer No. 1 were used.

(3) Range of block
In case an ore bed could not be confirmed by boring of an extended part of an

ore bed captured in the boring survey, up to the middle point was defined the
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range of a block. If the extended part of an ore bed captured in boring is not
explored and is not closed, as a rule, up to 100m from ore-bed capturing boring
was defined as the range of a block (See Fig. 1I-3-14.). The anticipated
palaeo-landform channels were used as a base for defining block extensions.
(4) Grade per block
Grades of ore beds confirmed in the boring were weighted averaged by the
thicknesses of the ore beds to obtain a block grade for each traverse line. The average
grade of all blocks was then calculated (Table 11-3-9).
(5) Ore reserves
Ilmenite ore reserves of each block were calculated by the following expression
(Table I-5-2):
V=SXWXCX1/1,000
V: Ilmenite ore reserves (t)
S: Plane area of an ore bed = 1,370,600 m?>
W: Average thickness of ore bed = 2.76m
C: Average ilmenite grade of ore beds = 130.05kg/m’
V =1,370,600X2.76 X130.05X1/1,000 = 492,200
i1) Calculation Results
Trial calculations of ore reserves of the southern flank of Bektimir Placer No. 3 in Year
2 produced 3.8 million m® as ore reserves, ilmenite grade of 130.05kg/m’, ilmenite ore
reserves of 492,000 tons, and stripping ratio of 9.7 (Table II-3-11). These results are

very approximate calculations of six boring pits with wide spacings.

3-3-6Mineralogical descriptions of heavy minerals

Polished sections were prepared from samples of light-gray sand bed samples containing
ilmenite and recovered from Drilling Pit MJBK-21 at the depth of 41.0m and Drilling Pit
MIJBK-29 at the depth of 48.0m in the southern flank of Bektimir Placer No. 1 after the
samples were hardened using a resin. These polished sections were observed under a
microscope. An ilmenite concentrate produced in the TMK test pit was placed at a bench
angle of 15° on an iso-dynamic magnetic separator and was magnetically separated at
current intensities of 0.1A or lower, 0.10 to 0.21A and 0.21A or higher for microscopic
observation.

Light-gray sand bed samples containing ilmenite and recovered from Drilling Pit

MIJBK-21 at the depth of 41.0m and Drilling Pit MJBK-29 at the depth of 48.0m consisted of
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a large amount of quartz and ilmenite and a very small amount of zircon and feldspars
angular or subangular in shape and 0.05 to 0.3mm in grain size under a microscope.
Intergranular spaces were filled by polysynthetic clayey minerals. Ilmenite was euhedral
or semi-euhedral. Some parts of it were discolored to bright colors in 5 to 15 u m in width
along external edges of grains and cracks inside grains and were altered to a coarse and
bulky texture (Appendix 2-9). These parts contained less Fe compared with parts that were
not altered and much Ti was contained. The unaltered parts of the concentrates produced
from the TMK Test Pit contained 53.0% of TiO,, 45.8% of FeO and 2.4% of MnO on
average. The altered parts of the concentrates produced contained 58.6% of TiO,, 35.3% of
FeO and 2.1% of MnO on average (Appendix 2-5). In powder X-ray diffraction analysis of
ilmenite, diffraction lines that were considered to be rutiles (leucoxene) with a low
crystallinity could be found on the high angle side of clear diffraction lines of ilmenite
(Appendix 2-5). Judging from these, it was estimated that ilmenite was oxidized while it
was separated from granitic rocks by weathering and was deposited and thickened. During
this process, Fe would have been leached and Ti would have been enriched.

Ferromagnetic ilmenite in ilmenite that was magnetically separated was mostly unaltered
ilmenite, while weakly magnetic ilmenite was altered and contained much Ti.

According to semi-quantitative analysis of ilmenite using EDX, ilmenite from the TMK
Test Pit in the Bektimir Placer No. 1 located in the upstream contained 49.5% of TiO, on
average, which was low. In MJBK-21 in the downstream, ilmenite contained 52.7% of
TiO, on average. The average content of TiO; of ilmenite in MJBK-29, which was located
farther downstream, was 57.0%, increasing in grade (Appendix 2-23).

Ferrous minerals and titanic minerals form mineral compositions that belong to the FeO -
Fe203 - TiO2 series and are mutually solubles and exsolubles. Compared with ilmenite
produced in Russia, ilmenite concentrates produced from Bektimir Placer No. 1 contain
more FeO, but less TiO,. However, they are almost equal in quality compared with
ilmenite produced in Capel, West Australia (Fig. 11-3-15). Speaking of components of iron
sand produced in Japan, acidic iron sand derived from granite contained less titanic minerals,
while basic iron sand contained much titanic components. Residual iron sand remaining at
sites especially contained titanic minerals in high proportions.

In Year 2, 92.0 to 98.8% of the ilmenite grain size was within the range of -0.40 +0.05mm,
averaging 96.3%, and the mode was about 0.2mm. The grain size distribution was about
the same as that in Year 1. Area by area, the proportion of coarse ilmenite with a grain

size of 0.1mm or more concentrated in centers of the gorges in the palaeco-landform channels,
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while llmenite with a grain size of 0.Imm or less concentrated in areas around the gorges
(See Fig. II-3-16.). This may be explained by coarse-grained ilmenite moving and
depositing more in the centers of palaco-landform channels, where the flow speed was fast,
whereas fine-grained ilmenite deposited on banks where the flow speed was slow. Shoji
(1971) stated that the inherent critical flow speed varied in proportion to the 1.5 power of
the grain size between inherent grain sizes of 0.1 to 0.75mm and in proportion to the 1.0
power in grain sizes of 0.75 to 3.5mm. Smirnoff (1979) showed an expression for inherent
critical flow speeds to clastics and stated that the flow speed by carrying was faster 1.35 to
1.5 times compared with the inherent critical flow speed. Smirnoff showed criteria that the
critical stagnant flow speed on river bottoms are 0.27m/sec with grains 0.1mm in grain size
and 0.3 1m/sec with the grain size of 0.25mm. Because grain sizes of ilmenite in the TMK
test pit of Bektimir Placer No. 1 was about 0.3mm and the mode of grain size of ilmenite in
the southern part was about 0.2mm, it can be estimated that the flow speed of the river beds
in palaeo-landform channels was about 0.5m/sec or more in the upstream area such as near

the TMK test pit and was about 0.45m/sec or more in the downstream.

3-4 Summary and Considerations
3-4-1 Ore deposits and signs for ore bearing
1) Southern Flank of Bektimir Placer No. 1  (Detailed Survey District)

Drilling was conducted in 20 pits along six traverse lines (Traverse Lines 34, 30, 26, 22,
18 and 14) in a grid of 500 X200m over 2.5km on the southern flank of the confirmed
III-C, Ore Reserves Block of Bektimir Placer No. 1. The boring lengths totaled
1,033.0m.

Regarding Traverse Lines 34 and 30, the results of MIBK-19 and MJBK-24 confirmed
deterioration in ore bed thickness and grade on the western flank of the ore body.
Closure of the ore bed could be determined. Regarding Traverse Lines 30 and 26, the
results of MJBK-20 and MJBK-25 confirmed deterioration in ore bed thickness and grade
on the eastern flank of the ore body. MIJBK-37 (no signs of ore bearing) confirmed the
southern limit of thickened ilmenite seams and a change in the ore bed extension direction
from NEN-SWS to NW-SE could be estimated.

The thickness of the ore bed tended to slightly decrease toward the south. The
thickness of overburden increased, but the width of the ore bed increased to 1,000m, to
increase the volume. The southeastern lateral boundaries remain unconfirmed.

When cut-off conditions were set IOOkg/m3 or more, or 2.0m X IOOkg/m3 or more, ore
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reserves calculations showed the following ore reserves increases corresponding to

Category C, (Block IV-C,).

857,000 tons, average ilmenite content 132kg/m3, and stripping ratio, 8.3.

J 3. .
Ore reserves were 6.5 million m°, ilmenite reserves,

The III-C, ore reserves confirmed in Year 1 and the total increase in Year 2 (Ore

Reserves Block No.. III+IV-C,) are shown below.

J 3
Ore reserves were 11.3 million m”,

ilmenite reserves, 1,472,000 tons, average ilmenite content, 131kg/m3, and stripping ratio,

7.26)

Table I-5-1 Ore Reserves Calculation of Category C, for the Southern Flank of Placer

No.1
Block No Block Ore bed Ore sands Ilmenite Ilmenite Overburden Overburden Stripping
area thickness reserves content, reserves thickness volume ratio,
10°m? m. 10°m? kg/m* 103t m 10°m? m’/m’
I11-C, 909.0 5.51 5,008.59 123.95 620.81 29.64 26,942.8 5.4
1vV-C, 1364.0 4.76 6,492.6 131.93 856.57 39.3 53,605.2 8.3
IHI+IV-C, 2,273.0 4.95 11,251.35 130.84 1,472.13 35.94 81,691.6 7.3

2) Southern Flank of Bektimir Placer No. 3
Drilling was conducted in 25 pits at 400 to 600m spacing on Traverse Lines 1G, 2G and

(Reconnaissance Survey District)

3G and Traverse Lines 114G and 116G orthogonally crossing the foregoing three traverse

lines, totaling 903.5m in length.

than the cut-off grade of 100kg/m’ could be confirmed.

In six of the 25 pits, thickened ilmenite seams more

The ore bed is deposited directly above two parallel palaco-landform channels in the

Aral Formation bed rock running in the N30°E direction.

The width of the ore bed was

estimated at about 200m and was small compared with that of Bektimir Placer No. 1.

The ore bed thickness captured by boring was 1.5 to 4.4m and the ilmenite content was

111 to 181kg/m’.

increase toward south, that is, toward the downstream.

Overburden on the ore bed was 23 to 30m in thickness and tended to

Only six pits showed contents higher than IOOkg/m3 and were not sufficient for ore

reserves calculations.

designating an area 100m in radius centering on a boring pit as a block.

However, the following calculation data can be obtained by

Block Block Ore bed Ore sands Ilmenite Ilmenite Overburden Overburden Stripping
No area thickness reserves content, reserves thickness, volume ratio,
10°m? m. 10°m? kg/m’ 10%t M 10°m? m’/m’
P, 188.4 2.76 512.0 130.05 67.6 26.7 5,011.4 9.7

Potential calculations in a very bold fashion assuming that the boring pits in the

palaeco-landform channels that hit an ore bed were continuous produce the following
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results: Ore reserves 3.8 million m’, ilmenite reserves 493,000 tons, average ilmenite

content 130kg/m3, and stripping ratio 9.7.

Table I-5-2 Ore Reserves Calculation of Category P, for the Southern Flank of Placer

No.3
Block Block Ore bed Ore sands Ilmenite Ilmenite Overburden Overburden Stripping
No area thickness reserves content, reserves thickness, volume ratio,
10°m? m. 10°m? kg/m’ 103t M 10°m? m’/m’
I-P, 680.5 3.03 2,061.9 117.76 242.8 26.6 18,101.3 8.8
11-P, 690.1 2.50 1,725.2 144.76 249.7 26.8 18,494.7 10.7
Total | 1,370.6 2.76 3,787.1 130.05 492.5 26.7 36,596.0 9.7
3) Bektimir Northern Placer (Reconnaissance Survey District)
Drilling was conducted in 5 pits along one traverse line at a spacing of 1,000m. The

boring lengths totaled 335.0m.

Thickened ilmenite seam was deposited in the Aral Formation directly above the bed
rock and in cracks of weathered crusts of the bed rock. The boring survey showed that
thickened ilmenite seams were 1 to 7m in thickness and that ilmenite contents were 14 to
21kg/m’. Traces of ilmenite could be detected as mentioned above, but the grade was
low and expanse of the ore bed could not be captured. Ore reserves were, therefore, not

calculated.

3-4-2 Heavy minerals

Samples of light-gray sand beds containing ilmenite consisted of a large amount of quartz
and ilmenite and a very small amount of zircon and feldspars that were angular or
subangular in shape. Intergranular spaces were filled by polysynthetic clayey minerals.
Some parts of it were altered to a coarse and bulky texture believed to contain leucoxene
along outer edges of ilmenite grains and cracks inside grains. Compared with unaltered
parts, altered parts contained less Fe, but more Ti. Ferromagnetic ilmenite in ilmenite that
was magnetically separated was mostly unaltered ilmenite, while weakly magnetic ilmenite
was altered and contained much Ti. The TiO; grade increased in the Bektimir Placer No. 1
more toward the downstream, rather than in the upstream. It is estimated that ilmenite was
oxidized while it was separated from granitic rocks by weathering and was deposited and
thickened. During this process, Fe would have been leached and Ti would have been
enriched.

Data shows that 92.0 to 98.8% of the ilmenite grain size was within the range of -0.40

+0.05mm, averaging 96.3%, and that the mode was about 0.2mm. Area by area, the
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proportion of coarse ilmenite with a grain size of 0.1mm or more concentrated in centers of
the gorges in the palaco-landform channels, while llmenite with a grain size of 0.1lmm or
less concentrated in areas around the gorges. This may be explained by coarse-grained
ilmenite moving and depositing more in the centers of palaeo-landform channels, where the
flow speed was fast, whereas fine-grained ilmenite deposited on banks where the flow speed
was slow. The flow speed of the riverbeds in palaeo-landform channels was about
0.5m/sec or more in the upstream area such as near the TMK test pit and was about

0.45m/sec or more in the downstream.

3-4-3 Consideration
1) Ore-Bed Bearing Channel

As main weak lines in the survey area, the Baladzhalskiy Fault runs in the northeast
flank of the area in the WNW-ESE direction and the South Terektinskiy Fault, on the
southwestern flank. Between these two faults, a crack in the NEN-SWS direction cuts
the Preobrazhenskiy composite rock mass and a Carboniferous Period layer made up of
pre-granitic rocks. Weathering and denudation progressed in tropical humid climate
in the latter part of the Cretaceous Period, thus forming the palaeo-landform channels
along these weak lines. Palaco-landform channels are dominant in hills in the
NEN-SWS direction. However, they are estimated to change in the NW-SE direction
because cracks in the NW-SE direction are dominant in plains as they approach the
Baladzhalskiy Fault and South Terektinskiy Fault.

This indicates that a rapid change of palaco-landform channels in the NW-SE
direction should be taken into consideration when surveying ilmenite drift-sand ore
beds in plains including a survey of an extension of Bektimir Placer No. 1.

2) Economical Efficiency of Ore Beds
(1) Ilmenite grade and stripping ratio

The Republic of Kazakhstan has an index (a former Soviet Union standard) to gauge
whether or not an ore body can be economically mined by open-cut mining. This
index shows that mining in only the ore bed found in Year 2 in the Southern Flank of
Bektimir Placer No. 1 is not sufficient for economical mining.

Table I1-4-1 Ilmenite Content and Maximum Economical Stripping Ratio

Average content of ilmenite Maximum economical stripping ratio
kg/m3 m’/m’
100 2.58
110 3.90
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120 5.21
130 6.56
131.93 8.25
140 7.87
150 9.21

However, when ore reserves are calculated by adding the ore beds captured in the
Year-1 survey, ore reserves can be mined generally economically compared with the

index as shown below.

Average content of ilmenite Maximum economical stripping ratio
kg/m3 m’/m’
100 2.58
110 3.90
120 5.21
130 6.56
130.84 7.26
140 7.87
150 9.21

It is estimated that ilmenite was oxidized while it was separated from granitic rocks
by weathering and was deposited and thickened. During this process, Fe would have
been leached and Ti would have been enriched so that the TiO, content would be higher
in this ore bed, toward the downstream. The ore-bed extension direction is estimated
to bend toward southeast along palaeo-landform channels. Based on this, it will be
necessary to calculate ore reserves again by setting blocks that are more economical,
after conducting a boring survey of the extensions of the parts where the content would
be high.

(2) Quality of Ilmenite Concentrates

In Year 2, 92.0 to 98.8% of the ilmenite grain size was within the range of -0.40
+0.05mm, averaging 96.3%, and the mode was about 0.2mm. The grain size
distribution was about the same as that in Year 1. The quantity of ilmenite in the
survey area is shown below. While the quality does not meet the International
Trading Standard (Yoshida, 1992), it meets the manufacturing requirements for sponge
titanium and titanium oxides in the Republic of Kazakhstan. Compared with ilmenite
produced in Russia, ilmenite concentrates produced from Bektimir Placer No. 1 contain
more FeO, but less TiO,. However, they are almost equal in quality compared with

ilmenite produced in Capel, West Australia.
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TiOz FeO SlOz PZOS CI'203 V205

Element (%) (%) (%) (%) (%) (%)
Assay result 48.48~51.25 7.98~26.52 1.41~2.24 0.01~0.025 0.02~0.038 0.185~0.242
Average 50.31 18.01 1.80 0.02 0.03 0.21
International
Trading =54 =28 =1.5 =0.05 =0.05 =0.1
Standard

Guaranteed Grade by Sri Lanka Mineral Sands Corp.

TiOz FeO SlOz PZOS CI'203 V205
Element (%) (%) (%) (%) (%) (%)
Grade =53 Fe203= | =1 =0.05

Standard Grade of Ilmenite Concentrate (Low Grade) Produced by Malaysia

TiO, FeO
Element (%) (%)
Grade =50 =30

*A suitable amount (28 to 32%) of FeO should preferably be contained in the manufacture
of titanium oxide by the sulfuric acid method. A penalty would result if the FeO content is

low.
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Table I -3-1 Quantity of Drilling Works, Core Recovery and Efficiency of Drilling in the Kokpetinskaya Area

- Legth Core Efficiency Ratio of drilling work (%)
Hole No. lDer:::: caZTng recover Recovery . .
(m) pipes (:) m/shift| m/hr Drilling Outdrilling fr'om Preparation MD‘;;?E:ZZ‘ Transp;rtatnon Others
(m) accidont water

MJBK—18 30,00 700| 1000| 462| 125 315 395 - 19 53 158 -
MJBK—19 44.00 800 | 1000 | 4400 489 450 150 - 100 100 200 -
MJBK—20 37.00 900l 1000 | 1233 | 264 35.0 300 - 50 10.0 200 -
MJBK—21 4300 11.00, 1000 | 453 108 385 250 956 38 12 154 -
MJBK —22 65.00 jo09 1000 | 520| 133 345 374 as 2.1 70 155 -
MJBK—23 60.00 rooo 1000 245| 130 203 288 314 18 35 142 -
MJBK—24 58.00 900| 1000| 611 161 346 208 96 39 6.1 154 -
MJBK=25 43.00 o0 1000| 662| 126 a“y 263 - 19 53 158 -
MJBK —26 50.00 oo 1000 | 666 | 147 395 302 - 47 93 16.3 -
MJBK—27 50.00 ao 1000 | 526| 109 434 236 19 15 6.6 170 -
MJBK—28 54.00 g:gg 1000 | 600 164 36.2 165 264 44 44 12.1 -
MJBK—29 58.00 gigg 1000 725! 181 364 216 125 45 68 182 -
MJBK—30 60.00 S0 1000 | s22| 120 410 19.7 163 33 49 148 -
MJBK—31 51.00 o0l 1000 | 486 | 100 440 284 - 35 6.9 172 -
MJBK—32 58,00 300 1000 | 7s53| 187 360 244 16 47 70 163 -
MJBK—33 53.00 200 1000 | s89 | 126 47 22 - 42 8.3 16.7 -
MJBK—34 60.00 70 1000| 324| 120 258 196 309 3 3.1 175 -
MJBK — 35 6000 | 1000| 1000 32| 200 300 470 - 40 10 120 -
MJBK—36 51.00 200| 1000 729 243 148 25.7 - 451 35 R -
MJBK—37 4800 | 1000| 1000| 960| 200 400 26.7 - 8.3 50 200 -
MJBKS—1 4000 700, 1000 | 3200 | 444 450 150 - 100 100 200 -
MJBKS —2 4050 10000 1000 | 3240 | 450 45.0 150 - 100 100 200 -
MJBKS—3 35.00 1200, 1000 | 2800 | 389 450 150 - 100 100 200 -
MJBKS—4 3100| 1600| 1000 2480 | 3.10 500 150 - 50 100 200 -
MJBKS—5 3200 1200, 1000 | 2560 | 471 350 150 - 150 150 200 -
MJBKS—6 42,00 000 1000 | 2400 | 525 334 208 - 83 208 167 -
MJBKS—7 33.00 1200, 1000 | 2640 | 367 450 150 - 100 100 200 -
MJBKS—8 3050 1200, 1000 | 24.40| 381 400 150 - 100 150 200 -
MJBKS—9 20.00 1100, 1000 | 1450 | 2890 156 60.9 - a1 125 63 -
MJBKS— 10 25,00 11.00 1000| 769 250 250 400 - 50 100 200 -
MJBKS—11 35.00 1000, 1000 | 2800 | 3.88 450 150 - 100 |- 100 200 -
MJBKS— 12 39.00 900 1000 | 1418 325 375 313 - 6.3 125 125 -
MJBKS—13 34.00 1000 1000 262| 1.79 170 170 - 57.1 18 71 -
MJBKS— 14 37.00 900 1000 | 2060 | 4563 400 15.0 - 100 150 200 -
MJBKS—15 33.00 700 1000 | 1050 | 3.30 250 400 - 50 100 200 -
MJBKS— 16 45.00 9.00| 1000 2000 | 375 400 200 - 6.7 133 200 -
MJBKS—17 40.00 9.00| 1000 1778 | 333 400 200 - 67 133 200 -
MJBKS— 18 4050 900 1000 | 1620 253 16.3 4l - 69.4 41 6.1 -
MJBKS—19 35.00 900, 1000 | B50| 500 438 187 - 125 250 00 -
MJBKS —20 4300 700! 1000/ 2457 | 538 333 250 - 83 167 167 -
MJBKS—21 |-  37.00 700 | 1000 | 2467 | 463 333 250 - 8.3 16.7 16.7 -
MJBKS —22 3200 800 | 1000 3200 | 457 350 150 - 100 200 200 -
MJBKS—23 40.00 800 | 1000 2286 | 4.44 315 208 - 8.3 167 167 -
MJBKS—24 41.00 9.00| 1000 | 2343 | 456 315 208 - 8.3 167 167 -
MJBKS—25 34.00 740 | 1000 | 2267 | 425 313 250 - 83 167 167 -
MJBKN—1 67.00 700 | 1000 1576 | 372 360 280 - 8.0 8.0 200 -
MJBKN—2 70.00 000 1000 | 1647| 350 400 320 - 40 40 200 -
MJBKN—3 88.00 500| 1000 | 1007 | 189 474 210 - 53 105 158 -
MJBKN—4 60.00 400| 1000 1846 | 375 421 289 - 53 79 158 -
MJBKN—5 7000| 1050 | 1000 | 1750 | 280 446 268 - 36 107 143 -
Total 227150 | 28390 | 5000 |776.61 14806 18183 12184 153.7 489.1 501.2 8194 -

Average
by 4543 568| 1000 1553 | 296 364 244 31 958 100 16.4 -

each hole
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Table I -3-2 Results of Drilling Survey by Each Hole in the Kokpetinskaya Area

Quantity Total workers Contents of work Consumable materials
Period - . Transport— + i Non— .
l-:'lc'ol.e D Of ll:’err'll::: wo:kfing Engineer W°".k°' Drilling Pr‘.p‘_ Dism- O.U.t— Rﬂ;:‘:fv “i:" Other, Total = e Dei.s el Gasoline t:::g Greasgq Ber.|t— am?:ltnatl of | core Core | Cesing
rilling ) Japanese Operator GoologishAss'.smn ration | ount | drilling| ident of 47TRf MMy mm | mm ) mm | mm o) el oil onite|  ater
shift t/driver accident | oo, 190 |92 400 |270 {200 133
MJBK [2001. 7.9 m hr hr hr hr hr hr hr hr pc pc pc pc pc pc pc i | ] kg bag m? m m
18 |2001.7.13] 30.00 8 3 17 10 40/ 240 60| 40| 300 120 76.0 2 1 1,230 50 8| 8 36| 60| 240| 70
MJBK [2001. 7.13 .
19 [2001.7.14] 44.00 2 1 4 10 10/ 90| 20 20| 30 40 200 1 1 400 40 2 3 12| 75| 365| 80
MJBK |2001. 7.11 ]
20 |2001.7.12] 37.00 4 2 8 20 10/ 140| 20| 40| 120 8.0 400 1 1 1,120 70 0 5 24| 80| 290 90
MJBK [2001. 7.13
21 |2001.7.18 4300 11 4 21 6.0 55| 400| 40, 80| 260 100 16.0 104.0 4 3 1990 | 115 17| 13 48( 11.0| 320 10
MJBK [2001. 8.24 90
22 12001.831] 6500 15 4 3 170 70| 40| 30| 100| 530 5.0 220 142.0 6 5/ 7 2430 | 180| 30] 25 66| 90| 560/ 160
MJBK |2001. 7.14 60
23 |2001.7.27| 60.00 26 12 53 20 130/ 460| 40| 80| 650 710 320 2260 7 4 3120| as0| 28/ 20 96| 100 | 500 10.0
MJBK |2001. 7.18
24 |2001.7.23| 5800 11 5 21 5.0 55| 360| 40| 70| 310 100 16.0 104.0 6 2 1810 120 120] 12 48| 80| 500 00|
MJBK |2001. 8.22 8.0
25 |2001.8.25| 4300 8 7 13 40 40| 340| 60| 40| 200 12.0 76.0 3 2l 3 1,200 | 100 10/ 10 36| 100 | 330/ 100
“MJBK[2001. 8.20 80|
26 |2001.8.24] 50.00 9 4 20 50 45| 340| 40| 80| 260 140 86.0 6 4 3 1430 | 180 10| 10 42| 90| 410| 90
MJBK |2001. 8.14 _ 70
27 |2001.8.19| 50.00 11 5 21 50 55| 460| 80| 70| 250 20 180 106.0 5 4 2 1,650 | 220 20| 12 54/ 90| 410{ 90
MJBK [2001. 8.9 6.0
28 |2001.8.14] 54.00 10 4 20 50 50| 330 40| 40| 150 240 11.0 91.0 5 3 2100| 160| 20| 13 33 80| 460, 80
MJBK [2001. 8.5 ) . 80
29 [2001.8.9| 5800 9 4 20 50 45| 320| 40| 60/ 190 1.0 16.0 880 4 3 2 1,600 | 210 13| 10 48| 80| 500| 80
MJBK |2001. 7.29 . ' 80
30 |2001.8.4| 6000 13 5 25 6.0 65| 500| 40| 60! 240 200 180 122.0 3 3 2 1,720 | 200 15 10 54/ 80| 520| 80
MJBK |2001. 8.16 ' 7.0
31 |2001.821| 51.00 12 5 10 6.0 60| 51.0| 40| 80| 330 200 1160 5 3 2 2,200 | 300 200 10 60| 100 | 41.0{ 100
MJBK [2001. 8.11 80
32 |2001.8.15| 5800 9 3 18 40 40| 310| 40| 60| 210 100 140 86.0 2 3 1,320 70 10| 10 42| 80| 500| 80
MJBK |2001.8.6 9.0
33 [2001.8.11) 5300 10 5 20 50 50| 420| 40| 80| 260 16.0 96.0 6 4 4 1610 210 1 10 48| 90| 440| 90
MJBK [2001. 7.27 70
34 [2001.8.6| 60.00 20 5 45| 100 100/ 500| 60| 60| 380 60.0 340 194.0 8 3 3 2930 | 260| 23| 17 102| 60| 540 9.0
MJBK |2001. 7.24
35 |2001.7.29 60.00 11 6 23 6.0 55| 300| ‘40| 7.0/ 470 120 100.0 3 2 1,620 80 10 7 36| 80| 520] 100
MJBK [2001. 7. 2
36 |2001.7.16] 51.00 16 4 45| 200 85/ 210 650 50/ 370 16.0 144.0 3 2 1 2,300 | 200 15 13| 62 48] 60| 450| 70
MJBK |2001. 7. 9
37 |2001.7.15| 4800 6 3 13 40 30| 240| 50| 30/ 160 120 60.0 2l 1 1 1450 | 110 71 10| 45 36/ 60 | 420 100
MJBKS|2001. 8.10
1 |2001.8.10] 40.00 2 1 3 10 10] 90| 20| 20| 30 40 20.0 1 2 1| 420 60 4 5/ 45 12| 1o} 290 70
MJBKS|2001. 8. 8
2 |2001.8.8| 4050 2 1 3 1.0 10 90| 20| 20| 30 40 200 1 2 1| 400 50 3l 3 45 12| 100 | 305 | 10.0
MJBKS|2001. 8. 9
3 |2001.8.9| 3500 2 1 3 10 10| 90| 20| 20| 30 40 200 1 2 1] 410 50 3 5 45 12 120 230 120
MJBKS' 2001. 8.11
4 12001.8.11] 31.00 2 1 3 10 10 100| 10| 20| 30 40 200 2 2 1| 400 40 5| 3l 50 12] 160 150 160
MJBKS|2001. 7.29
5 [2001.7.30 32.00 2 1 3 1.0 10/ 70| 30| 30| 30 40 20.0 1 1| 580 45 3 3l 35 12/ 120 ] 210|120
MJBKSI 2001. 7.28
6 |2001.7.29 4200 25 1 5 15 125/ 80| 20| 50| 50 40 240 1 2 1| 460 70 3 3 4o 12| 140 280| 00
MJBKsFom. 727
7 {2001.7.27| 33.00 2 1 3 10 10 90| 20| 20| 30 40 20.0 1 2 1| 410 50 3] 3| 45 12 120 | 210 120
MJBKSJ2001. 7.26
8 [2001.7.26] 3050 2 1 3 10 10| 80| 20| 30| 30 40 |- 200 2 1] 390 50 4 3| 42 12| 120 | 185 120
MJBKS|2001. 7.30
9 12001.8.4| 2900 15 1 23 55 315, 100| 30| 80| 390 40 64.0 1 1 1| 410 90 15  10] 40 12/ 11.0] 1801 110
MJBKS|2001. 8.5
10 |2001.8.6| 2500 4 2 6 20 20| 100| 20| 40/ 180 80 400 1 2 1] 400 60 5 5/ 43 24/ 110 140/ 110
MJBKS|2001. 8. 7
11 |2001.8.7| 35.00 2 1 3 10 10 90| 20| 20! 30 40 200 1 2 1/ 380 50 3 3| 45 12| 100 | 2501} 100
MJBKS!|2001. 7.24
12 |2001.7.25] 39.00 35 1 5 15 16| 120| 20| 40| 100 40 32,0 1 2 1| 400 50 5| 3] 40 12| 90| 300| 90
MJBKS|2001. 7. 2
13 {2001.7.8] 34.00 13 2 37| 100 70| 190 | 640 | 20| 190 80 1120 2 1 1,270 80 6| 6 24| 80| 260! 100
MJBKS!2001. 7.22 .
14 |2001.7.22] 37.00 2 1 3 10 10/ 80| 20| 30| 30 40 200 1 1| 430 50 3l 3 45 12| 90| 280 90
MJBKS|2001. 7.22
15 |2001.7.22| 33.00 4 2 6 20 20| 100} 20| 40| 160 80 400 1 2 1| 810 60 5 5 45 24| 70| 260| 70
MJBKS!2001. 7.18
16 |2001.7.19| 4500 3 1 4 10 15| 120| 20| 40| 60 6.0 30.0 i 2 2| 690 70 5 5( 40 18| 90| 360| 9.0
MJBKS|2001. 7.17 _
17 (2001.7.18; 4000 3 1 6 10 15| 120| 20| 40| 60 6.0 300 1 2 2| 680 75 3 5 42 18 90 | 310 80
MJBKS!2001. 7. 2 '
18 ;'2001,7.7 40.50 11 2| 34 9.0 60] 160 | 680 40| 40 6.0 98.0 1 2 3| 700 90 10 5|  4s) 18 9.0\ 315! 9.&'
MJBKS|2001. 7.9 ‘ : o
19 |2001.7.10| 35.00 2 1 3 1.0 10 70| 20| 40| 30 0.0 16.0 1 2 1| 420 80 5 5/ 40 0| 85| 265 90
MJBKS|2001. 7.10
20 |2001.7.11] 4300 25 1 45 1.5 125 80| 20| 40! 60 40 240 1 2 2| 400 80 8 5/ 48 120 70! 360| 70
MJBKS|2001. 7.10
21 |2001.7.11] 37.00 25 1 35 10 125/ 80| 20| 40| 60 40 240 2 1| 400 75 5 5| 40 12| 60| 310 70
MJBKS|200t. 7.12
22 |2001.7.13| 3200 2 1 3 10 10/ 70| 20| 40| 30 40 200 2 1] 390 70 5 5| 50 12| 75| 245| 80
MJBKS!2001. 7.13 : _
23 |2001.7.14] 4000 25 1 35 1.0 125/ 90| 20| 40| 50 40 240 1 2 1| 410 80 7 5/ 50 12| 70| 330 80
MJBKS|2001. 7.23 '
24 |2001.7.24] 41.00 25 1 45 15| 1025/ 90| 20| 40| 50 40 240 1 2 1| 415 70 5| 5 48 12| 70| 340| 90
MJBKS!2001. 7.8
25 [2001.7.9| 34.00 25 1 45 15 125/ 80| 20| 40| 60 40 240 1 2 2| 430 90 1] 5 45 12) 80| 260 74
MJBKN 2001. 8.21
1 |2001.823] 67.00 5 3 12 3.0 30| 180 40| 40! 140 100 50.0 1 2 1| 430 70 0] 5 45 30| 70| 600| 70
MJBKN 2001. 8.23
2 {2001.825/ 70.00 5 3 19 20 50| 200| 20| 20| 160 10.0 50.0 6 500 | * 100 10 5/ 50 30| 25| 6715 00
MJBKN 2001. 8.17
3 12001.&20 68.00 8 2 7 40 25/ 360 | 40| 80| 160 120 76.0 3 11 800 120 0] 10 72 36| 40| 640| 50
MJBKN 2001. 8.15 !
_4__[2001.816] 6000 -4 4 12 20 40| 160 20| 30/ 110 6.0 38.0 2 1| 400 50 5 5| 41 18| 30| 570 40
MJBKN 2001. 8.12
5 12001.8.14] 70.00 6 3 9 30 30| 250! 20| 60/ 150 80 56.0 3 1| 600 80 10/ 6 60 24| 100 | 600/ 105
Total |2901-7-2 .
2001. 831} 2271.50 335 135 687 1740 1701 | 1054.0 | 3400 | 2320 | 821.0 223.0 4830 3153.0 21 84 64 1] 54 28 34 | 50485 5280 578 372 1428 1449 | 433.0 | 18395 | 5329
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Table I -3-3 Results of Drilling Survey by Each Machine in the Kokpetinskaya Area

Quantity Total workers Contents. of work Consumable materials
Gontent of work wo::ing - neneer worker Transport | Carrying '::i;:;_ W?‘::ng Re;:\r:"y Doizr:t_ Other Total | Gasoline Die§ el Lubricanting| 3 gase
shift Japnaese Operator|Geologist| Locals _ material | accident ' oil ol
Detailed survey (No.1 machine) hr hr h hr m hr hr hr I l ke
Travel Tokyo—Almaty—-Samarskaya 5 0.0
Preparation 2001. 7. 2~200t. 7. 6 15 2 4 2 10 8.0 6.0 108.0 1220 20 250 20 5
Holiday 0.0
Dismount 2001. 8. 31~2001. 8. 31 4.05 2 1 8 70.0 70.0 10 300 15 10
Travel 2001. 9. 1~2000.9. 9 10 0.0
Total 2001. 7. 2~2001. 8. 31 | 19.05 19.0 5.0 2.0 18.0 8.0 6.0 108.0 0.0 82.0 70.0 192.0 30 550 35 15
Detailed survey (No.2 machine)
Travel Tokyo—Almaty—Samarskaya 0.0
Preparation 2001. 7. 2~2001. 7. 6 8.75 5 2 1 12 10.0 20 100.0 112.0 10 130 10 5
Holyday 0.0
Dismount 2001. 8. 25~2001. 8. 25 6 1 1 7 50.0 50.0 .9 250 15 8
Travel 2001. 8. 26~2000. 9. 4 10 0.0
Total 2001. 7. 2~2001: 8. 25 | 14.75 16.0 30 1.0 19.0 10.0 20 100.0 0.0 1410 50.0 16:2.0 19 380 25 13
General survey (No. 3 machine)
Travel Tokyo—Almaty—Samarskaya 5 0.0
Preparation 2001. 7. 2~2001. 7. 6 35.75 5 3 1 -8 9.0 1.0 132.0 1420 15 280 20 10
Holyday | 0.0
Dismount 2001. 8. 25~2001. 8. 25 11 1 3 1 10 112.0 112.0 10 300 25 15
Travel 2001. 8. 26~2000. 9. 4 10 0.0
Total 2001. 7. 2~2001: 8. 25 | 46.75 21.0 6.0 2.0 18.0 9.0 1.0 132.0 0.0 0.0 1120 2554‘0 25 580 45 25
Total 80.55 56.0 14.0 5.0 55.0 270 9.0 3400 0.0 2230 232.0 608.0 74 1,510 105 53
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Table II-3-4 General Results of the Drilling Works in the Kokpetinskaya Area

NO.2

Drilling machine NO.1 machine : NO.3 machine Total Description
machine
South of | South of | South of | South of | South of | \_ . ¢
District Placer Placer Placer Placer Placer Bektemir
No.1 No.3 No.1 No.1 No.3
Number of holes 10.6 1 8.4 1 24 5 50
Length of drilling (m) 564.50 34.00 419.00 49.50 869.50 335.00 | 2271.50
Ave. length of driltholes (m) 53.25 34.00 49.88 49.50 36.23 67.00 4543
2001.7. 9| 2001, 7. 2| 2001. 7. 212001, 7.15| 2001, 7. 2|2001. 8.12| 2001. 7. 2
Period
2001. 8.31: 2001. 7. 8| 2001. 8.25!2001. 7.16!2001. 8.11|2001. 8.25 2001, 8.31
Drilling days 46.625 2.25 44975 1.25 21.75 11.125 | 127975
Survey .
days Travel, transport,
Other days 7 4.25 9.525 0.625 16.0 | - 2875 40.275 :reparation and
ismount
Holidays - - - - - -
Total days 53.625 6.5 54.5 1.875 37.750 14 168.25
Engineer 263 39 279 12 169.5 60 8225
Worker 535 70 545 20 366.25 145 1681.25
Local
Workers | St Geologist 51 1 54 4 41 12 163
Total 849 110 878 36 576.75 217 | 2666.75
Japanese staff 41 4 45 3 25 15 88
Efficiency of drilling days
(m/day-machine) 12.11 15.11 9.32 39.60 39.98 30.11 17.75
Efficiency of survey days
(m/day-machine) 10.53 5.23 7.69 26.40 23.03 23.93 13.50
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Table II-3-5 Consumable Drilling Articles in the Kokpetinskaya Area

Item Unit | Quantity Average Note
Tricone bit (4”) pcs 21 9.21 m/pc 1.05 pcs/hole
Metal bit (¢»92mm)| pcs 64 1252 m/pc 2.06 pcs/hole
Metal bit (¢» 190mm)| pcs 84 11.41 m/pc 4.00 pcs/hole
Shoe( ¢ 270mm) pcs 54 3.30 m/pc 2.57 pcs/hole
Shoe( ¢ 200mm) pcs 28 3.14 m/pc 3.11 pcs/hole
Shoe( @ 133mm) pcs 34 7.79 m/pc 1.21 pes/hole
Deisel oil liters 50,465 22.22 I/m 1009.30 I/hole
Gasoline liters 5,280 232 I/m 105.60 1/hole
Lubricating oil liters 576 0.25 I/m 11.52 1/hole
Grease kg 372 0.16 I/m 7.44 |/hole
Bentonite bags* 1,428 0.63 bags/ m | 28.56 bags/hole
Total amount of | s | 1,449 064 m*/m | 28.98 m’/hole
*1bag=25kg
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Table Il -3-6

Major Mineralization Zones Revealed by Drillings on the Southern

flank of Placer No.1

Hole No. D(fr‘l’;h V}'jg;h Icl?ri'égf £;§:;t Remarks
(kg/m”) (kg/m’)
MJBK-18 25.00~28.50 3.50 215.79 3.46
VUBK.15 28.00~29.60 1.60 23.44 0.50
35.80~36.90 1.10 20.52 0.58 .
MJBK-20 |  31.00~34.20 3.20 55.82 0.89
MIJBK-21 37.50~41.20 3.70 105.41 1.76
MJBK-22 37.80~42.80 5.00 190.68 3.15
MIBK-23 38.10~40.00 1.90 167.40 2.73
MJBK-24 40.80~42.10 1.30 119.46 2.10
MIBK-25 37.00~38.50 1.50 50.04 1.86
MIBK-26 38.00~40.50 2.50 110.48 2.17
MIBK-27 39.00~44.50 5.50 94.37 1.71
MIBK-28 |  43.50~48.50 5.00 121.01 2.22
MJBK-29 43.00~48.00 5.00 117.70 2.05
MJBK-30 40.50~43.50 3.00 200.25 2.84
MIJBK-31 46.00~49.50 3.50 131.62 2.10
MJBK-32 |  53.00~58.00 5.00 98.13 1.55
MJBK-33 41.00~51.00 10.00 132.95 1.52
MIBK-34 42.00~45.40 3.40 162.39 2.26
MJBK-35 43.00~44.80 1.80 201.71 3.40
MIBK-36 41.00~50.30 9.30 111.84 1.58
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TableIl-3-7 Major Mineralization Zones Revealed by Drillings on the Southern
flank of Placer No.3
Hole No. D(?Sh V\(/':;h I:Lﬂ;l;g: (:Zolrrlct::;t Remarks
(kg/m’) (kg/m’)
MIBKS-1 20.00~25.00 5.00 4.04 0.13
MIBKS-7 24.80~28.00 3.20 113.33 3.26
MJBKS-11 23.00~25.00 2.00 112.42 2.60
MIBKS-13 30.50~32.00 1.50 117.36 235
MJBKS-14 24.00~25.00 1.00 4.02 0.06
MIBKS-16 29.50~33.10 3.60° -180.70 3.87
MIJBKS-17 33.10~33.30 0.30 180.00 4.11
MJBKS-18 22.00~22.80 0.80 15.95 0.61
MIBKS-24 24.00~25.00 1.00 2.88 0.11
MIJBKS-25 | 27.50~29.50 2.00 3.20 0.04
-124 -




Table I1-3-8 Ilmenite content, Ore Sands and Overburden Thickness
at the Southern Flank of Placer Nol in block IV -C,

No. Profiles No. | Hole No. Thickness m. Average ilmenite Thickness x
Ore sands Overburden content, k§/M3 ilmenite, 4x6
I 2 3 4 5 6 7
1 34 MIBK-18 3.5 25.0 215.79 755.26
é 34 MIJBK-19 5.6 29.0 119.36 668.42
3 30 MIJBK-23 1.9 38.1 167.40 318.06
4 30 MIJBK-22 5.0 37.8 190.68 953.40
5 30 MIJBK-17 7.0 36.0 105.41 737.87
6 30 MIJBK-21 3.7 37.5 128.45 475.26
7 30 MIJBK-16 5.0 34.0 114.46 572.30
8 26 MIBK-30 3.0 40.5 200.25 600.75
9 26 MIJBK-29 5.0 43.0 117.70 588.50
10 26 MIJBK-28 5.0 43.5 121.01 605.05
11 26 MIBK-27 5.5 39.0 94.37 519.04
12 26 MIJBK-26 2.5 38.0 110.48 276.20
13 22 MIJBK-35 1.8 43.0 201.71 363.08
14 22 MIJBK-34 34 42.0 162.39 552.13
15 22 MIJBK-33 10.0 41.0 132.95 1329.50
16 22 MIJBK-32 5.0 53.0 98.13 490.65
17 22 MIJBK-31 3.5 46.0 131.62 460.67
18 18 MIJBK-36 9.3 41.0 111.84 1040.11 .
Total: 85.7 707.4 11306.25
Average: 4.76 39.3 131.93
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Table II-3-9 Ilmenite content. Ore Sands and Overburden Thickness on blocks
of estimated reserves on Southern flank of Placer No3.

No Profiles No Holes No Thickness. m Average ilmenite Thickness x
Ore sands Overburden content kg/m’ ilmenite. 4x6
1 2 3 4 5 6 7
Block 1-P;
1 Ir MIJBKS-7 3.2 24.8 113.33 362.66
2 2r MJBK-15 4.4 24.5 121.11 532.88
3 116r MJBKS-13 1.5 30.5 117.36 176.04
Total: 9.1 79.8 1071.58
Average: 3.03 26.6 117.76
Block IT - P,
1 114r MJBKS-11 2.0 23.0 112.42 224.84
2 2r MIJBK-12 1.9 28.0 110.72 210.37
3 3r MIJBKS-16 3.6 29.5 180.70 650.52
Total: 7.5 80.5 1085.73
Average: 2.50 26.8 144.76
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Fig. II-3-2 Geological Section along MJBK-6,7,8,9,10,18,19(Line-34)

Drill hole
a) 2000 .; b) 2001

Number of hole
Sea level (m)

Depth of hole

SE

T47s
470
-+ 465
—+ 460
—+ 455
—+ 450
—+ 445
=+ 440
+ 435
—+ 430

T 425

1 420

-129 130 -




Scale: Horizontal 1 : 5000
Vertical 1:500

V-G,
NW «—IV-C, —1I-C, 3 SE
4754 413
MJBK-24 MJBK-23 MJBK-17 . MJBK-16 ‘
4704 2670 T s MIpE 2 MIBR- 'MJBK-21 MJBK-20 |
467.0 466.91 467.34 466.55 M-IV 466.35 46598 466.61
P ® — Ay S S e
465]- | | T
Q
S SR R : B : 1464
el T e ) L d5id i S MR TN S K
i155- - 1 455
150 4L 1-450
1-2 ‘
‘ has |l N,ar 445
63.20
4404
3563
0.8-37.0
4354 20.73 55.48 167.4 [
33375 11370 1.9-38.1
430 ///% 4430
| 1 423
Lzo--- +420
"= : , : -}415
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Chapter 4 Geophysical Properties

4-1 Purpose of the Survey

To measure resistivity and magnetic susceptibility of each geological unit in the survey area for
use as basic data for airborne electromagnetic survey and analysis.

To measure magnetic susceptibilities of the bed rocks and to determine values and distribution of
them to quantitatively classify granitic rocks of the Preobrazhenskiy composite rock mass to

determine promising rock kinds as origin rocks of ilmenite and their distribution.

4-2 Method of the Survey

1) Resistivity

Concurrently with the geological survey, resistivity of the rocks at the outcrops was measured and
recorded. However, smooth outcrops could not be found and measurement was performed only at
one point (G-034). The resistivity was measured on a fresh and as smooth rock outcrop as
possible by measuring ten times using a resistivity meter (manufactured by OYO Corporation,
model mini OHM 2121) and recording mathematical averages of them.

The resistivities of bed-rock weathered crusts and Aral Formation of the Tertiary Period were
measured in three representative pits (MJBK-30, MJBKS-1 and MJBKN-2) selected from each
district concurrently with driling core assay and magnetic susceptibility measurement before the
cores had dried up. The resistivity was measured by splitting driling cores into halves. Using a
resistivity meter (manufactured by OYO Corporation, model mini OHM 2121), magnetic
susceptibility for each 1m depth was measured five times on core surfaces that were smoother.
Arithmetic average values of these measurements were plotted on columnar sections (See Figs.
I-4-1 - 3.). A resistivity meter (manufactured by OYO Corporation, model mini OHM 2121)
was directly grounded on a wall of the TMK test pit (4km east of Koitas, 48° 46° 18” N, 82° 53’
20”E) for measurement.

The resistivity of the Quaternary-Period layer was measured by directly grounding a resistivity
meter (manufactured by OYO Corporation, model mini OHM 2121) on a wet outcrop of the wall of
the TMK test pit.

2) Magnetic susceptibility

Concurrently with the geological survey, magnetic susceptibility of the rocks at the outcrops was
measured. The magnetic susceptibility was measured on fresh and as smooth rock outcrops as
possible at 509 geological outcrop points by measuring ten times using a portable magnetic
susceptibility meter (Micro KAPPA, model KT-5¢) and recording mathematical averages of them as

shown in Appendixes 2-21 and 22. Fig. 1I-4-4 plots a distribution of magnetic susceptibilities
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which are shown in the S.I. unit.

The magnetic susceptibilities of bed-rock weathered crusts and Aral Formation of the Tertiary
Period were measured in three selected representative pits (MJBK-30, MJBKS-1 and MJBKN-2)
concurrently with driling core assay and resistivity measurement before the cores had dried up.
The magnetic susceptibility was measured by splitting driling cores into halves. Using a portable
magnetic susceptibility meter (Micro KAPPA, model KT-5¢), magnetic susceptibility for each 1m
depth was measured ten times on core surfaces that were smoother. ~Arithmetic average values of
these measurements were plotted on columnar sections (See Figs. 1I-4-1 - 3 and Fig. 11-4-5.).

A portable magnetic susceptibility meter (Micro KAPPA, model KT-5¢) was directly grounded on
a wall of the TMK test pit for measurement of the Quaternary-Period layer.

3) Radioactivity measurement

At some outcrops and in two driling pits (MJBK-19 and MJBKS-6), the dose-equivalent rates in
60sec were measured once using a radioactivity meter equipped with a GM tube (manufactured by
Calcite, model CS-201), to examine the feasibility of differentiating rock masses based on a
difference in content of radioactive zircon in rocks. The radioactivity of the driling cores was
measured concurrently with driling core assay and measurement of resistivity and magnetic
susceptibility. The measurement was made by splitting driling cores into halves. Using a
radioactivity meter, dose-equivalent rate for each 1m depth was measured 60sec on core surfaces
that were smoother. Measurement values were plotted on columnar sections (See Figs. 11-4-1 and

2)).

4-3 Survey Findings
4-3-1 Resistivity
1) Pre-granitic rocks
Resistivity could not be measured because fresh and smooth surfaces suitable for measurement
could not be obtained.
2) Granitic rocks
Resistivity varied between 600 and 12,400 Q m, which were very high compared with those of
the Aral Formation of the Tertiary Period and Quaternary-Period layers, showing a clear
difference.
3) Weathered crust of bed rock
Resistivity of driling cores in a wet condition varied between 10 and 100 €2 m, averaging 39 Q
m.
4) Aral Formation of Tertiary Period
Resistivities of clay beds on walls of the TMK test pit in a wet condition were 2 to 3 Q m and

those of clayey sand beds, 2Qdm. Those of clayey sand beds were 2Qm. Resistivities of
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driling cores in a wet condition varied between 4.3 and 599 Qm, averaging 50Qm. The
reason for the difference in resistivities of test pit walls and driling cores could not be
ascertained.

Differences in exterior facies of driling cores between the Aral Formation of the Tertiary
Period and weathered crusts of bedrock could not be found. Average resistivities did not show
a prominent difference between them, even though weathered crusts of bed rock showed
slightly higher values. Resistivities of thickened ilmenite seams tended high when resistivity
was measured continuously from the Aral Formation of the Tertiary Period to weathered crusts
in driling Pits MJBK-19 and MJBKN-2. This trend was especially prominent in MJBKN-2
(See Figs. 1I-4-1 - 3.).

5) Quaternary-Period layer

Affected by the moist condition of layers, resistivity of the TMK test pit varied between 17

and 286 Q m, averaging 80(Qm. The driling cores were disintegrated and resistivity of them

could not be measured.

4-3-2 Magnetic Susceptibility
1) Pre-granitic rocks
Magnetic susceptibilities of sedimentary rocks of the Carboniferous Period (shale, sandstone
and conglomerate) varied between 0.21 to 0.40 X 107, while those of pyroclastic rocks and lava
(andesite and ) varied 0.26 to 59.3 X 107, varying in accordance with magnetite content.
Averages for sedimentary rocks and pyroclastic rocks were 0.33 X107 and 8.3X10”. The
magnetic susceptibilities distributed in a bedded form and harmonized with geological strikes.
2) Granitic rocks
Magnetic susceptibilities measured on outcrops and a distribution of measured magnetic
susceptibilities are shown in Appendix 2-22 and Fig. II-4-4, respectively. = Magnetic
susceptibilities varied 0.02 to 31.5X 107, apparently influenced by kinds of opaque minerals
(ilmenite, titanic magnetite or magnetite) and amounts of them. Rock masses that showed
magnetic susceptibilities above 1.0 X 10 were distributed in the northwestern flank of the
Prebrazensky composite rock mass. High contents of titanic magnetite and magnetite in
granitic rocks are the reason for this.
3) Weathered crust of bed rock
Magnetic susceptibilities of driling cores varied 0.06 to 0.27X 107, averaging 0.18 X107,
Compared with bed rocks, magnetic susceptibilities of weathered crusts of bed rocks are low,
about 1/10 those of bed rocks, because iron is diluted from bed rocks due to weathering.
4) Aral Formation of Tertiary Period
Magnetic susceptibilities in the TMK test pit varied 0.20 to 0.25 X 107, averaging (.22 X 10°.
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Magnetic susceptibilities of driling cores (MJBK-30, MJBKS-1 and MJBKN-2) varied 0.05 to
0.33X 107, averaging 0.15 X 10~, which were almost identical to those of weathered crusts of
bed rocks.

Magnetic susceptibilities of sandy clay to clayey sand containing thin thickened ilmenite
seams in the bottom or parts near the bottom of this formation were 0.21 to 0.61 X 107 in the
TMK test pit, averaging 0.40X 10~. Magnetic susceptibilities of driling cores (MJBK-24)
varied 0.26 to 0.90 X 10, averaging 0.48 X 10~, which were higher than those of layers which
did not contain ilmenite (See Fig. 1I-4-5.). Magnetic susceptibilities of thickened ilmenite
seams in driling cores (MJBKN-2) also showed high values.

5) Quaternary-Period layer

Magnetic susceptibilities in the TMK test pit varied 0.21 to 1.05 x 107, averaging 0.71 x 10°.

The driling cores were disintegrated and magnetic susceptibilities of them could not be

measured.

4-3-3 Radioactivity

1) Pre-granitic rocks (Carboniferous Period layer)
Radioactivities of pyroclastic rocks varied 0.01 to 0.04 u Sv/h, averaging 0.02 u Sv/h.

2) Granitic rocks
Radioactivities of granitic rocks varied 0.01 to 0.09 1 Sv/h, averaging 0.04 u Sv/h, showing
values slightly higher than those of pyroclastic rocks of layers of the Carboniferous Period.
Differences due to rock facies of granitic rocks could not be detected.

3) Weathered crust of bed rock
Radioactivities of weathered crusts of bed rocks varied 0.01 to 0.07 x Sv/h, averaging 0.03 u
Sv/h, hardly showing any difference with those of unweathered bed rocks.

4) Aral Formation of Tertiary Period
Radioactivities of the Aral Formation of the Tertiary Period varied 0 to 0.04 u Sv/h, averaging
0.02 i Sv/h, showing values that are slightly lower compared with those of weathered crusts
of bed rocks.

5) Quaternary-Period layer
Radioactivity on the wall of the TMK test pit was 0.02 u Sv/h, showing no difference with that
of the Aral Formation of the Tertiary Period.

4-4 Summary and Considerations
Resistivities, magnetic susceptibilities and radioactivities of various geological units obtained in

measurements are summarized in Table 5-3.
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Table I-5-3

Geophysical Properties of geological units

RESISTVILITY MAGNETIC SUSCEPTIBILITY RADIOACTIVITY
GEOLOGICAL UNIT LOCATION (Qm) 1oy (*uSV/h)
HIGH‘LOW‘AVEARAGE HIGH |LOW | AVE.RAGE |HIGH |LOW | AVE.RAGE

IPRE-GRANITOIDS VOLCANICS
ARBONIEERO0S) OUTCROP NOT MEASURED | 593 | 0.26 83 004 [001] 002
[PRE-GRANITOIDS SANDSTONE
ARBONIEERO0S, OUTCROP NOT MEASURED | 0.40 |021 | 033 NOT MEASURED
WEATHERED CRUST BORING CORE  |101.3] 9.7 387 |027]006| 018 |007|001] 003
GRANITOIDS OUTCROP 12400| 596 | 6498 | 315 ]002| 244 |009|001| 0.04

TMK TEST PIT 3| 2 25 025 | 02 022 |002]002| 002
ARAL FORMATION

BORING CORE | 599 | 43 50.5 033 [005| 015 004 | 0 0.02
kAL FORMATION TMK TEST PIT NOT MEASURED | 0.61 |021 |  0.40 NOT MEASURED
WITH ILMENITE LAYERS BORING CORE 27 |53 93 090 |026| 048 004 | 0 0.02

TMK TESTPIT | 286 | 17 80 104 | 017 071 002 [002] 002
QUARTERNARY

BORING CORE NOT MEASURED NOT MEASURED NOT MEASURED

1) As far as resistivity measurements of driling cores are concerned, a prominent difference could
not be detected between 39 Qm with weathered crusts of bedrock and 51 Qm with the Aral
Formation of Quaternary Period. This may be explained by the groundwater surface, which was
located almost directly above the unconformity plane between the Tertiary-Period Aral Formation
and Quaternary-Period layer, and the moist state of the formation and layer by groundwater (Ca "
170mg/l, Na" 160mg/l) which contained electrolytes. The minerals composing the formation and
layer were the same, both containing a large amount of quartz and medium or small amounts of
clayey minerals of kaolin, smectite and sericite, as well as feldspars. A clear lithofacies
boundary could not be found between the two. The resistivity of the thickened ilmenite seams in
the Tertiary-Period Aral Formation slightly increased as in MJBKN-2 (See Fig. 11-4-3.).

The resistivities of the Tertiary-Period Aral Formation and Quaternary-Period layer of 51 and
80 Q m showed a difference. The Tertiary-Period Aral Formation was moist and the
Quaternary-Period layer, semi-dry. This difference seems to have produced a difference in the
resistivity.

2) The magnetic susceptibilities of thickened ilmenite seams in clay layers of Tertiary-Period Aral
Formation and sandy clay layers was about 0.2X 10~ S.L.U. Magnetic susceptibilities of sandy
clay and clayey sand containing thickened ilmenite seams in the bottom or parts near the bottom
varied between 0.40 and 0.48 X 10” S.LU., clearly showing high values compared with those of
strata that did not contain thickened ilmenite seams. Higher magnetic susceptibility would be
shown for thickened ilmenite seams in which ilmenite is mixed with magnetite and titanic
magnetite.

3) Radioactivities of granitic rocks and weathered crusts of bed rocks were 0.04 and 0.03 u Sv/h,

respectively. The average radioactivity for geological units was about 0.02 u Sv/h and a great
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difference could not be detected.
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PART III

CONCLUSIONS AND RECOMMENDATIONS

FOR THE FUTURE Survey



Chapter 1 Conclusions

1-1 Geological Survey
1) Geology
The order of stratification of this area consists of pre-granitic rocks (Carboniferous
Period), granitic rocks intruded into pre-granitic rocks, Aral Formation of the Tertiary
Period in the Cainozoic Era covering them without conformity and Quaternary-Period layer
that covers all of them without conformity. Weathered crusts are widely developed in the
bed rock of Aral Formation of the Tertiary Period.
(1) Pre-granitic rocks
The geology in the area consists of sedimentary rocks (shale, sandstone and
conglomerate), pyroclastic rocks and lava (andesite and ¥}’%%) of the Carboniferous
Period. The survey area is distributed with Kokpekti, Bukon and Maityab layers.
The solidification indexes of pyroclastic rocks and lava are 18 or higher, while
differentiation indexes of them are 50 or lower. Magnetite is contained more than
1% as an opaque mineral.
(2) Granitic rocks
The area is distributed with Preobrazhenskiy composite rock mass, believed to have
intruded from the early Permian Period to the mid-Jurassic Period. The composite
rock mass is ilmenite-series granitoids. Granitic rocks that contain only less than 1%
of TiO, fall into the region of Type I/S. Granitic rocks containing more than 1% of
TiO, fall into Type L.
Granitic rocks are classified into granite and monzonite - diorite, in accordance with
chemical composition.
Granite is the bulk of the Preobrazhenskiy composite rock mass. It is rich in SiO,,
Na,O and K,O0, but is lean in X FeO, MgO and CaO. The solidification index of
granite is below 3, while the differentiation index is 80 or higher. It contains less than
1% of TiO,. Monzonite - diorite partially distribute near the center of the
Preobrazhenskiy composite rock mass. They conversely are lean in SiO,, Na,O and
K,0, but are rich in X FeO, MgO and CaO. The solidification indexes of them are
higher than 10, while the differentiation indexes are 60 or less. They contain more
than 1% of TiO,. TiO;, becomes leaner the more magma crystallization differentiation
advances.

The rare earth pattern of granitic rocks containing less than 1% of TiO, is almost
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linear, while that of monzonite - diorite containing more than 1% of TiO, becomes a
polygon with a concave with Eu. This shows that granite and monzonite can be
discriminated clearly in trace components also.

Opaque-mineral modal ratios of granitic rocks are 0.7% or less with granite and 1%
or more with monzonite - diorite. Opaque minerals are ilmenite (Ti 35%), titanic
magnetite (Ti 1.5 to 14%), and magnetite (Ti 0%). More magnetite and titanic
magnetite than ilmenite are contained in granitic rocks that show a magnetic
susceptibility of 1 X 10° S.L.U. or higher. Rock masses showing a magnetic
susceptibility of 1 X107 S.I.U. or higher are distributed in the northwestern flank of the
Preobrazhenskiy composite rock mass.

(3) Bed-rock weathered crust

Bed-rock weathered crusts are clayey weathered remnants developed 10 to 20m in
thickness on sedimentary rocks, volcanic rock and intrusive rock of the Carboniferous
Period. They are covered on the Aral Formation of the Neogene Period and on the
Quaternary-Period layer. They are prominently influenced by kaolin, sericite and
smectite. Bed-rock weathered crusts were formed by chemical weathering of moist
and warm climate at the end of early Cretaceous Period (about 140 million years ago).

(4) Tertiary-Period Aral Formation

The Tertiary-Period Aral Formation covers pre-granitic rocks and intrusive rocks, as
well as their weathered crusts, without conformity. The layer covers the
Quaternary-Period layer without conformity and is 20 to 50m in thickness. The layer
consists of sandy clay and clayey sand comprising quartz, kaolin, smectite and a small
amount of sericite. It rarely contains a gravel layer. Ilmenite drift-sand ore beds are
deposited in sandy clay to clayey sand that is contained in the bottom or parts near the
bottom of this layer.

(5) Quaternary-Period layer

The Quaternary-Period layer consists of gravel, loam and clay of the Diluvium 5 to
10m in thickness and Recent riverbed sediments that cover without conformity the
Neogene-Period Aral Formation and directly pre-granitic rocks and intrusive rock

2) Geological Structure
The survey area is bordered by the Baladzhalskiy Fault running in the WNW-ESE
direction on its northeastern flank and by the South Terektinskiy Fault on the
southwestern flank. The Preobrazhenskiy composite rock mass intruded into the

Bektimirskaya ridge anticline situated in the middle of them.
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Cracks in the NEN-SWS direction cut the Carboniferous Period layer made up of the
Preobrazhenskiy composite rock mass and pre-granitic rocks. Palaeo-landform channels
deposited with some ilmenite sand ore bodies were believed formed along these weak
lines. These palaeo-landform channels change to the NW-SE direction near the
Baladzhalskiy Fault running in the WNW-ESE direction and the South Terektinskiy Fault
because of dominant cracks in the NW-SE direction. All known ilmenite drift-sand ore
beds are contained in palaeco-landform channels.

The Tertiary-Period Aral Formation is a generally horizontal stratum and covers
Preobrazhenskiy composite rock mass and pre-granitic rocks.

The Quaternary-Period layers are generally horizontal strata and cover the
Tertiary-Period Aral Formation. Recent rivers are located in locations that relatively
well overlap with palaeo-landform channels of the Tertiary-Period Aral Formation bed
rock.

3) Ore Beds

Ore deposits are ilmenite drift-sand ore beds that contain a very small amount of zircon
about 1/60 that of ilmenite in weight ratio. In the Bektimir district, Bektimir Placers No.
1, 2 and 3 are well known.

Ilmenite drift-sand ore beds are contained in sandy clay and clayey sand in
palaeo-landform channels in the lower layer of the Aral Formation of the Tertiary Period.
Ilmenite in the Bektimir ore beds is assumed derived from monzonite - diorite, which are
not advanced in magma crystallization differentiation, and from rock mass low in
magnetic susceptibility, among granitic rocks of the Preobrazhenskiy composite rock
mass. Ilmenite grains showed leaching of FeO and enrichment of TiO, along external

edges and cracks of the grains in the weathering, leaching and thickening process.

1-2 Driling survey
1) Southern Flank of Bektimir Placer No. 1  (Detailed Survey District)
Driling was conducted in 20 pits along six traverse lines (Traverse Lines 34, 30, 26, 22,
18 and 14) in a grid of 500 X200m over 2.5km on the southern flank of the confirmed
III-C, Ore Reserves Block of Bektimir Placer No. 1. The driling lengths totaled
1,033.0m.
The ore bed is contained in a wide palaeco-landform channel in the Aral Formation bed
rock in the NEN-SWS direction. The eastern flank of the ore bed is deposited directly

on the bedrock. Part of the western seam of the ore bed is contained in the bottom of the
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Aral Formation as narrow seams. The ore beds captured in driling measured 1.8 to

10.0m in thickness. The ilmenite content was 94 to 216kg/m>. The overburden on the
ore beds was 25 to 53m in thickness.

Closure of the western flank of the ore bed on Traverse Lines 34 and 30 and of the
eastern flank of the ore bed on Traverse Lines 30 and 26 could be confirmed due to
deterioration in ore bed thickness and grade of thickened ilmenite seams.  On Traverse
Line 14, MJBK-37 (no signs of ore bearing) confirmed the southern limit of thickened
ilmenite seams and a change in the ore bed extension direction from NEN-SWS to NW-SE
could be estimated.

The thickness of the ore bed tended to slightly decrease toward the south. The
thickness of overburden increased, but the width of the ore bed increased to 1,000m, to
increase the volume. The southeastern lateral boundaries remain unconfirmed. When
cut-off conditions were set 70kg/m> or more for the upper seam of an ore bed, 100kg/m’
or more for the lower seam, or 2.0m x 100kg/m’ or more, ore reserves calculations
showed the following ore reserves increases corresponding to Category C, (Ore reserves
6.5 million m’, ilmenite reserves 857,000 tons, average ilmenite content 132kg/m’, and
stripping ratio 8.3).

The III-C, ore reserves confirmed in Year 1 and the total increase in Year 2 (Ore
Reserves Block No.. III+1V-C,) are shown below (Ore reserves 11.3 million m3, ilmenite

reserves 1,472,000 tons, average ilmenite content 13 1kg/m3, and stripping ratio 7.26).

Table I-5-1 Ore Reserves Calculation of Category C, for the Southern Flank of Placer

No.1
Block No Block Ore bed Ore sands Ilmenite Ilmenite Overburden Overburden Stripping
area thickness reserves content, reserves thickness volume ratio,
10°m? m. 10°m? kg/m* 10%t m 10°m? m’/m’
I11-C, 909.0 5.51 5,008.59 123.95 620.81 29.64 26,942.8 5.4
1vV-C, 1364.0 4.76 6,492.6 131.93 856.57 39.3 53,605.2 8.3
HI+IV-C, 2,273.0 4.95 11,251.35 130.84 1,472.13 35.94 81,691.6 7.3

2) Southern Flank of Bektimir Placer No. 3

(Reconnaissance Survey District)

Driling was conducted in 25 pits on Traverse Lines 1G, 2G and 3G and on Traverse

Lines 114G and 116G, which orthogonally crossed the foregoing traverse lines, at 400m

spacing totaling 903.5m in length.

than the cut-off grade of 100kg/m’ could be confirmed.
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The ore bed is deposited directly above two parallel palaco-landform channels in the
Aral Formation bed rock running in the N30°E direction. The width of the ore bed was
about 200m and was small compared with that of Bektimir Placer No. 1. The ore bed
thickness captured by driling was 1.5 - 4.4m and the ilmenite content was 111 to
181kg/m’. Overburden on the ore bed was 23 to 30m in thickness and tended to increase
toward south.

Only six pits showed contents higher than 100kg/m’ and were not sufficient for ore
reserves calculations. However, the following calculation data can be obtained by
designating an area 100m in radius centering on a driling pit as a block.

Table I-5-2 Ore Reserves Calculation of Category P, for the Southern Flank of Placer

No.3
Block Block Ore bed Ore sands Ilmenite Ilmenite Overburden Overburden Stripping
No area thicknes reserves content, reserves thickness, volume ratio,
10°m? m. 10°m? kg/m’ 10%t M 10°m? m’/m’
P, 188.4 2.76 512.0 130.05 67.6 26.7 5,011.4 9.7

Potential calculations in a very bold fashion assuming that the driling pits in the
palaeo-landform channels that hit an ore bed were continuous produce the following
results as a potential: Ore reserves 3.8 million m3, ilmenite reserves 493,000 tons, average

ilmenite content 130kg/m3, and stripping ratio 9.7.

Table I-5-2 Ore Reserves Calculation of Category P, for the Southern Flank of Placer

No.3
Block Block Ore bed Ore sands Ilmenite Ilmenite Overburden Overburden Stripping
No area thickness reserves content, reserves thickness, volume ratio,
10°m? m. 10°m? kg/m’ 10%t m 10°m? m’/m’
I-P, 680.5 3.03 2,061.9 117.76 242.8 26.6 18,101.3 8.8
11-P, 690.1 2.50 1,725.2 144.76 249.7 26.8 18,494.7 10.7
Total | 1,370.6 2.76 3,787.1 130.05 492.5 26.7 36,596.0 9.7
3) Bektimir Northern Placer (Reconnaissance Survey District)
Driling was conducted in 5 pits along one traverse line at a spacing of 1,000m. The

driling lengths totaled 335.0m.

The driling survey showed that thickened ilmenite seams were 1 to 7m in thickness and
that ilmenite contents were 14 to 21kg/m’. Traces of ilmenite could be detected as

mentioned above, but the grade was low and expanse of the ore bed could not be captured.
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Ore reserves were, therefore, not calculated.

1-3 Geophysical Properties

The resistivity, magnetic susceptibility and radioactive intensity of each geological unit in
the survey area were measured to gauge the resistivity and magnetic susceptibility of each
geological unit in the survey area for use as basic data for airborne electromagnetic survey
and to measure the magnetic susceptibilities of the bed rocks to quantitatively classify
granitic rocks of the Preobrazhenskiy composite rock mass.
1) Pre-granitic rocks

Magnetic susceptibilities of sedimentary rocks (shale, sandstone and conglomerate)
averaged 0.33 x 107 S.I.U., while those of pyroclastic rocks and lava (andesite and ¥} %)
averaged 8.3 x 107, varying in accordance with magnetite content.

2) Granitic rocks

The resistivity averaged 6500 Q m and was very high. Magnetic susceptibilities
averaged 2.4 X 10° S.1.U, varying influenced by rock facies and kinds of opaque minerals
(ilmenite, titanic magnetite or magnetite) and amounts of them. Rock masses that
showed magnetic susceptibilities above 1.0X 107 were distributed in the northwestern
flank of the Prebrazensky composite rock mass. The radioactivity averaged 0.04 1 Sv/h.

3) Weathered crust of bed rock

The resistivity in a wet condition averaged 39 €2 m and magnetic susceptibility, 0.18 X

10° S.I.U. The radioactivity averaged 0.03 1 Sv/h.
4) Aral Formation of Tertiary Period
The resistivity in a wet condition averaged 51 € m and magnetic susceptibility, 0.2 X
107 S.LU.

Magnetic susceptibilities of sandy clay to clayey sand containing thin thickened
ilmenite seams in the bottom or parts near the bottom of this formation averaged 0.4 X
10° S.I.U., showing higher values than layers that did not contain thickened ilmenite
seams. Magnetic susceptibilities also showed slightly high values.

5) Quaternary-Period layer
The resistivity is affected by wet condition of layers and averaged 80Q m, while the

magnetic susceptibility averaged 0.7 X 107 S.I.U.
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Table I-5-3 Geophysical Properties of geological units

RESISTVILITY MAGNETIC SUSCEPTIBILITY RADIOACTIVITY
GEOLOGICAL UNIT LOCATION (Qm) (x107%S.1.U.) (XuSV/h)
HIGH|LOW|AVE.RAGE HIGH|LOW|AVE.RAGE |HIGH|LOW|AVE.RAGE
PRE-GRANITOIDS VOLCANICS
OUTCROP NOT MEASURED 59.3 10.26 8.3 0.04 |10.01 0.02
(CARBONIFEROUS)
PRE-GRANITOIDS SANDSTONE
OUTCROP NOT MEASURED 0.40 |0.21 0.33 NOT MEASURED
(CARBONIFEROUS)
WEATHERED CRUST BORING CORE |101.3] 9.7 38.7 0.27 10.06 0.18 0.07 {0.01 0.03
GRANITOIDS OUTCROP 12400] 596 6498 31.510.02 2.44 0.09 |10.01 0.04
TMK TEST PIT 3 2 2.5 0.251 0.2 0.22 0.02 |0.02 0.02
JARAL FORMATION
BORING CORE 599 | 4.3 50.5 0.33 10.05 0.15 0.04] 0 0.02
[ARAL FORMATION TMK TEST PIT NOT MEASURED 0.61 10.21 0.40 NOT MEASURED
WITH ILMENITE LAYERS BORING CORE 27 5.3 9.3 0.90 10.26 0.48 0.04 0 0.02
TMK TESTPIT 286 | 17 80 1.04 10.17 0.71 0.02 {0.02 0.02
QUARTERNARY
BORING CORE NOT MEASURED NOT MEASURED NOT MEASURED

1) The resistivities of the driling cores of weathered crusts and Tertiary-Period Aral

Formation varied between 39 and 51 Q m which did not represent a great variance.

This

may be explained by the groundwater surface, which was located almost directly above
the unconformity plane between the Tertiary-Period Aral Formation and
Quaternary-Period layer, and the moist state of the formation and layer by groundwater,
which contained electrolytes. The minerals comprising the formation and layer were the
same and a clear lithofacies boundary could not be found between the two. The
resistivity of the thickened ilmenite seams in the Tertiary-Period Aral Formation slightly
increased.

The resistivities of the Tertiary-Period Aral Formation and Quaternary-Period layer of
51 and 80€ m showed a difference. The Tertiary-Period Aral Formation was moist and
the Quaternary-Period layer, semi-dry. This difference seems to have produced a
difference in the resistivity.

2) The magnetic susceptibility of thickened ilmenite seams was 0.4 X107 S.I.U. and was
high compared with that of a stratum that did not contain a thickened ilmenite seam of 0.2

X107 S.I.U.
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Chapter 2 Recommendations for the Phase III Survey

2-1 Recommendations for Survey Area

The survey in Year 2 provided the following guidelines for ore bed exploration:

1) The known ilmenite drift-sand ore beds are deposited in palaeo-landform furrows
(palaco-landform channels) of the Tertiary-Period Aral Formation. Locations with
high potentials for deposition of new ore beds can be identified by extracting
palaeo-landform channels.

2) Diorite - monzonite, rather than granite, and rock mass with a magnetic
susceptibility of less than 1X 107 S.L.U., which is believed to contain a large
proportion of ilmenite as an opaque mineral contained, are preferred as granitic rocks

in the hinterland.

The survey policies for each district in Year 3 are as follows:
1) Bektimir District
(1) Eastern Flank of Bektimir Placer No. 1
The southern extension of Bektimir Placer No. 1 expands more than 1000m in ore bed

width and the extension direction changes from NEN-SWS to NW-SE with the result
that the ore bed boundaries in the eastern direction of the portion with a high content
cannot be confirmed yet. Additional driling should be conducted (a detailed survey)
and ore reserves must be reassessed, such as by extracting high-grade seams. Adjacent
to the eastern flank of palaco-landform channels where a driling survey was undertaken,
other channels may exist and an additional driling survey including this area is
considered necessary. However, the depth of the ore bed becomes deeper toward south
and overburden becomes thicker. A survey must therefore be undertaken by discerning
the relationship between an economically feasible depth and ore grade.

(2) Southern Flank of Bektimir Placer No. 3

The driling survey in this year found ore beds to be narrow seams. However,
sufficiently high potentials can be anticipated. Interpolation of the inferred
palaeo-landform channels and survey of the upstream have not been undertaken yet.
An additional driling survey (detailed survey) for them is deemed necessary.
2) Northern Bektimir District

According to the driling survey undertaken this year, the potential ore bearing depth of

this district is deep, more than 60m underground. Prominent thickening of ilmenite
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could not be found. The granitic rocks in the hinterland showed a high magnetic
susceptibility. It appears that supply of quality ilmenite cannot be expected from this
district. Surveys of this district should be terminated after this year.
3) Other Districts

(1) Eastern Flank of Bektimir Placer No. 1

An analysis of public data in Year 2 shows that about two palaeo-landform channels are
expected to exist in the area. A driling survey (reconnaissance survey) of these channels
will be necessary.
(2) North seam of Bektimir Placer No. 2 (Beloe District)

An analysis of public data in Year 2 shows that diorite - monzonite distribute in the
hinterland and that there are areas where the magnetic susceptibility is low. Two
palaeo-landform channels originating from these areas are expected to exist. A driling

survey of these channels is considered necessary.
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PREFACE

In response to the request of the Government of the Republic of Kazakhstan,
the Japanese Government determined to conduct a series of survey involving geological
survey, drilling survey and other surveys related to exploration of ore deposits, for the
purpose of examining the potentials of mineral resources in the Kokpetinskaya Area,
situated some 750 km northeast of Almaty, the Kazakhstan's ex-capital city, and
entrusted the survey to the Japan International Cooperation agency (JICA).

In view of the geological and mineralogical nature of the intended survey, the
JICA commissioned the Metal Mining Agency of Japan (MMAJ) to execute the survey.

During the second year (Phase II) of the survey commenced in the fiscal year
2001, the MMAJ organized and sent to the Republic of Kazakhstan a three-man survey
team for the period from June 30 to September 9, 2001. The field survey was
completed as scheduled, in close collaboration with the Kazakh government agencies
concerned and the Committee of Geology and Underground Resources Protection, the
Ministry of Energy and Mineral Resources of the Republic of Kazakhstan.

This Report summarizes the results of the Phase II survey and will form an
integral part of the final survey report to be elaborated.

We should like to take this opportunity to express our sincere gratefulness to
the Kazakh government agencies concerned for their valuable cooperation. We are also
thankful to the Japanese Ministry of Foreign Affairs, the Ministry of Economy and
Industry, the Embassy of Japan in Kazakhstan and persons concerned who have rendered
assistance and support for the survey.

March, 2002

M 14 ﬁl%

Takao Kawakami
President
Japan International Cooperation Agency

7@@%44;29\ 7M/r,u‘;ﬂ/
Naohiro Tashiro

President
Metal Mining Agency of Japan
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PE3IOME

B HactosmeM Pe3tome BKpaTiie OMMCBIBAIOTCS PE3YAbTAThl UCCIEAOBAHUS HA BTOPOU rof,
MPOBEJECHHOTO B paMKax 3-leTHeil mporpammbl “OCHOBHOE TIeOI0ropa3BeJOYHOE HCCIEIOBaHUE IO
JMHUM OKa3aHMs COTPYJHHYECTBAa B OOJAcTH pa3paOOTKH NPHUPOJHBIX pecypcoB Ha KoKmeTHHCKOM
yuactke Pecriyonmnkm Kaszaxcran”, koropast ocymiecTBisieTcss Ha ocHOBaHMH “‘CornalnieHus mo oobeMy
reoJIoropa3BeJOYHbIX PaboT”, 3aKITIOUEHHOr0 MEXAy SIIMOHCKMM areHTCTBOM I10 MEXIYyHapOJHOMY
corpynaudectBy (JICA), SIMOHCKMM areHTCTBOM MeTaJLIonoObIBaroIeil mpoMeinuieHHOCTH (MMAJ),
KomuTeroM reomornm u oOxpaHbl Help MMHHUCTEpCTBA SHEPreTMKH W MUHEPAIBHBIX (OBIBIIETO

MuH#HCTepCTBa MIPUPOIHBIX PECYPCOB U OXPaHBI OKpyXaromie cpensl) Pecryonmuku Kasaxcran.

OCHOBHBIC eI OroBOPCHHOI'0 HMCCICHOBAHMUA 3aKIHOYAKOTCA B ONPCACICHUU TI'COJIOTHU WU
mponecca O6pa3OBaHI/I${ poccmneﬁ NIbMCHUTOBBIX MeCTOpO)KL[eHHfI " UX pacnpeacjiCHus Ha Ha3BaHHOM
y4JacTke, U, TEM CaMbIM, OKa34Tb Pecny6n1/11<e Kazaxcran cofieiicTBuE B pa3pa60T1<e 1 OCBOCHHU
OpUPOAHBIX PECYPCOB. Emé onHa ke Ienb MCCIENOBaHMUS 3aKI0YaeTcs B nepeaadye pa3jindHbIX
TEXHOJIOTUH COOTBECTCTBYIOIIIUM OpraHU3alusiIM PK B XO/IE COBMECTHOM pa6(m>1 B TCUCHHUC II€puoaa

OCYILECTBIIECHHS TAaHHOW MTPOTrPaMMBI.

B pamkax mccienoBaHus Ha TEKyIIUH (UHAHCOBBIN TOJ] OTHOCHTENFHO BCero KOKIEeTHHCKOTo
yuactka (oOmieil ruromaneio 256 KB. M) OBUIM OCYIIECTBICHBI COOp CYMIECTBYIOIIMX TEXHHYECKHUX
JTaHHBIX W WH(OpMAaIUK, WX aHaJW3 W TEONOTHYecKas pa3Benka (MpeaBapUTEIbHO-IIPEIIN3HOHHAS).
[Momumo 3TOTO0, OBUTO OCYIIECTBICHO pa3oypuBanue 20 ckBaXuH ¢ odmiel nyouHoi Oyperns 1033,0 m
B I0KHOU 4Yacté bekremupckoin pocceimu Nel, 25 ckBaxkuH ¢ o0miei rryouHoi Oypenust 903,5 M B
I0KHOW 4actu bekremupckoit pocceimrn Ne3 m 5 ckBaxwH ¢ obmieit riryomnoit Oypenus 335,0 M B

CeBEepHON YacTH bekremMupckoro paioHa.

OOmrast reonorusl Ha JaHHOM YYacTKe, B OCHOBHOM, COCTOWUT M3 IUIACTOB, OTHOCSIIHMXCS K
KaMEHHOYTOJIbHOMY TEpUOJy M BTOPTHYBIIMXCS B STH IUIACThl MHTPY3UBHBIX PA3IMUHBIX TPAaHUTHBIX
MOpOJ, a TaKXKe MOKPHIBAIOUIUXCS MEPBble ApalbCKUX CIIOEB TPETUYHOIO U YETBEPTHUHOIO MEPUOOB
KalfHO30MCKOW »pel. B Xome wccimemoBaHWs OBUIO BBIICHEHO, YTO TPAHHUTHBIE MOPONBI, IO HUX
XUMHUYECKOMY COCTaBY, pa3AelsioTCs Ha TPaHUT U MOHI[OHUT — JMOPHUT, a TakXKe YTO 3TH IOPOIBI
cozepKaT Hempo3padHble MUHEpaibl, Takue kak wibMeHHT (Ti 35%), TuTaHocomepkamuii MarHeTUT
(Ti 1,5 - 14%) u maraetut (Ti 0%), 1 9TO CpeAr MOHIIOHUTO — IUOPUTHBIX ITOPOJ TE TTOPOJHEIC TN
C HHU3KOH HAMAarHUYEHHOCTEIO COZIEpKaT OONbIe MIBMEHHT, YeM OCTajlbHbIC. [Ipemonaraem, 9to Takue
HEempo3pauHble MUHEPaJbl OTAEIMINCH MO BO3AEHCTBUEM XHMHUYECKOTO BHIBETPHUBAHUS B BIIAXKHBIX U
TEIUIBIX KIUMAaTHYEeCKUX YCIOBUSAX B KOHLE BepxHeMenoBoro mnepuoma (140 miuH. JeT Haszan) #
CKOHIIEHTPUPOBAJIHCh B TPOQWIBHBIX BIAJHHAX B TOPOJHOM OCHOBAHHHU (ITAJIEOTCOIOTHISCKUX

KaHaJlax ) Ipy OCaXJIEHUU ApalIbCKUX CIIOEB B HEOreHOBOM nieprof (40 MITH. JIeT Ha3am).

(1)



PasBenka c pa3OypuBaHWMEM CKBaXHMH II0Ka3ajia, YTO MECTOPOXICHHE B FOXKHOW YacTH
Bexremupckoit pocceinu Nel umeer tonuuny 1,8 — 10,0 M, mmpuny e menee 1000 M, konuyecTBo
YBEIMYUCHHS PYAHBIX 3aacoB 6,5 MITH. Ky0. M, 3arachl WIIbMEHUTOBOW Pyabl 857 ThIC. TOHH CO CPEIHUM
ColepXKaHUeM 4HCTOoro mibMeHuTa 132 kr / Ky0. M, KodddunneHt Bckpeitus 8,3. Ha Bbexremupckoit
pocchin Ne3 pacrolioKeHHbIE MapajuleNbHO JpPYr JPYry JBa MECTOPOXKIEHHUS HMEIOT LIUPUHY
npumepHo 200 M, COOTBETCTBEHHO, U SBJISIFOTCS MEHBIIMMHU IO MaciuTaly, 4eM TO Ha pocchimb Nel.
TomnpHa JAHHOTO MECTOPOXKACHHUS cocTaBisaeT 1,5 — 4,4 M, 00beM MOTEHIIMAIbHBIX 3aI1acoB — 3,8 MITH.
Ky0. M, 00BbEM 3ar1acoB MIBMEHUTOBOH pyabl — 493 ThIC. TOHHBI CO cpenHUM conepskanneM 130 xr / kyO.
M, a ko3 urmenT BekpeiTas — 9,7. IlonpobHOE onpeneneHre o0beMa 3amacoB pyasl B CEBEPHON 4acTH

BeKTeMI/IpCKOﬁ POCCHIITN HE TPOBOAUJIOCH C YUCTOM HHU3KOI'O CPEAHETO COACPIKAHUS NIIbMECHUTA.

B OCHOBHOM,  WJIBMEHUTOBEIC  POCCBHITHBIE  MECTOPOXKICHUS  oOpasyercs B
MaJIeOreoNOrMYeCKuX KaHajlax B MOPOJHOM OCHOBaHUM Apanbckoro cios. ClieaoBaTeiabHO, MOXHO
CKa3aTh, YTO BBIJCICHUE MANICOreOIOrnIeCKUX KaHAIOB 00ECICYUT BOSMOKHOCTE OMPEIEIICHHS] HOBBIX
(Ipyrux) MecT, TIe C BBICOKOH BEPOSATHOCTBHIO 3apOXKAAIOTCS PyOHBIE MecTopoxkaeHus. [lo Oomee
BEPXHEMY MOTOKY HaXOAATCS AUOPUTHO — MOHIIOHUTHBIE TIOPOJIBI, KOTOPBIE XapaKTEPU3YIOTCs] BEICOKIM
CoflepIKAHMEM WIBMEHHTA, W OKH/IACTCS HAXOXKJICHHE TOPOJ ¢ HAMATHMYEHHOCTBIO He Gomee 1 x 10°

S.I.U. 1 HU3KUM COACPKKAHUEM MArH€TuTa WM TUTAHOCOACPKAIICTO MarHe€TUTa.

ToBops 00 oOmeM HampaBICHHSX HCCIENOBAaHUS HA TPETHH TOA, MBI CUHTaEM
[eNecoo0pa3HbIM POBECTH JIOTIOTHUTEIBHYIO pa3BenKy ¢ OypeHHeM CKBa)kMH (ITOAPOOHYIO Pa3BENKY)
B IOKHOH 4YacTH BeKTeMHpCKOro pocCCHITHOrO MecTopokiacHus Nel, KoTropoe, JOIKHO OBITh,
MPONIOJDKATHCS eIIE I0YKHEe, U B I0KHOM 4acTh bekreMHpCcKOro pocchlmHOro MectopoxaeHus: Ne3, or
KOTOPOrO MOXXHO OXHJaTh JOBOJBHO OONblIME MOTEHIMAJbHbIE pyAHblE 3amacbl. IloMUMO 3THX
MECTOPOXKICHUN, HEOOXOMUMBIM CUMTAEM IPOBEICHUE JOMOMHHUTEIFHON pa3BeIKH C OypeHueMm
CKBaXXMH B BOCTOYHOH 4yacTH bexkTeMHupcKoro pocchiHoro MectopoxiaeHuss Nel u ceBepHOil wactu
Bexremupckoro pocceiHoro mecropoxkaenust Ne2 (paiion benoe), rae mpeanonaraercss HaxOXISHUE

IaJICOrcoJIOrt4€CK1MX KaHalJloB.

B KapaorkensckoMm paiioHe HEOOXOIMMO B JalbHEHIIEM BBIICIUTH MOWMEHHBIE OONMoTa U
MaJeoreoNOrnueckue KaHallbl, HMEIOIIHME COOTBETCTBYIOIIME XApaKTEPUCTHUKU M, TEM CaMbIM,
00ecIIeyuTh BO3MOXKHOCTH IPOBECTH TEPEOICHKY YK€ pPa3BENAaHHBIX WIBMEHHUTOBBIX POCCHITHBIX
MecTopoxaeHnil. Kpome Toro, pexkomeHiyercsi MPOBECTH TMOUCKHM M IPEIBAPUTEIbHYIO OLIEHKY
pPa3MUYHBIX palioHOB 1O Bced Teppuropun PecrmyOonmku KazaxcraH, KOTOpbIE HMEIOT HCTOPHIO,
MOAOOHYI0 HCCIEMyeMBIM B paMKaxX Halleld TeKymed paOoThl, ¢ IENbl0, YTOOBI HAWTH JpyTHE

HNIJIIBMEHUTOBBIC POCCBIITHBIE MECTOPOXICHU .
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SUMMARY

This survey was undertaken as a second-year survey in “Basic Resource Development
Cooperation Survey: Kokpetinskaya Area of Republic of Kazakhstan” that was started as a
three-year project in 2000 based on the Scope of Works concluded between the the
Committee of Geology and Underground Resources Protection of the Ministry of Energy and
Mineral Resources, Government of the Republic of Kazakhstan, and Japan International
Cooperation Agency/Metal Mining Agency of Japan.

The survey aims at analyzing geology in the survey area that contains ilmenite ore beds of
the drift sand type and ore bearing condition of the ore beds, to support resource
development by the Republic of Kazakhstan. The survey also aims at transferring
technology to the counterparts of Kazakhstan during the survey period.

In Phase II, public data of the entire areca of the Kokpetinskaya Area (256km?) was
collected and analyzed. A geological survey (semi-detailed survey) was conducted in the
area. Boring surveys were conducted in the southern flank of Bektimir Placer No. 1 (20
drill pits, 1033.0m in drilling length), southern flank of Bektimir Placer No. 3 (25 drill pits,
903.5m) and northern flank of Bektimir (5 drill pits, 335.0m).

This area consists of Carboniferous Period layers and granitic rocks that intrude into them,
as well as Aral Formation of the Tertiary Period in the Cainozoic Era and Quaternary-Period
layers that cover them. Based on chemical compositions, granitic rocks could be classified
into granite and monzonite - diorite. The surveys showed that the area contained ilmenite
(Ti 35%), titanic magnetite (Ti 1.5 to 14%), and magnetite (Ti 0%) as opaque minerals and
that more ilmenite was contained in rock bodies of monzonite - diorite that showed a low
magnetic susceptibility. It is estimated that opaque minerals were separated by chemical
weathering under wet and warm climate at the end of early Cretaceous Period (about 140
million years ago) and were thickened in furrows (palaeo-landform channels) of the bedrock
when the Aral Formation was deposited in the Neogene Period (about 40 million years ago).

The drilling surveys showed that the southern flank of Bektimir Placer No. 1 was 1.8 to
10.0m thick, more than 1000m in width, 6.5 million m® in ore reserves potential, 857,000t in
ilmenite ore reserves, 132kg/m3 in ilmenite content and 8.3 in stripping ratio. In the
southern flank of Bektimir Placer No. 3, the widths of two parallel ore deposits were about
200m and were narrow compared with that of Placer No. 1. Placer 2 was 1.5 to 4.4m thick,
3.8 million m’ in ore reserves potential, 493,000t in ilmenite ore reserves, 13Okg/m3 in

ilmenite content and 9.7 in stripping ratio. The grade of ilmenite-thickened seams in the



northern flank of Bektimir was low and ore reserves calculations of it were not made.

Ilmenite placer deposits are contained in palaeco-landform channels of the bedrock of the
Aral Formation. Seams with high possibilities for deposition of new ore deposits can
therefore be extracted by extracting palaeo-landform channels. When exploring such seams,
upstream areas of them should preferably be rock bodies of diorite - monzonite, containing a
high proportion of ilmenite but less magnetite and titanic magnetite. The magnetic
susceptibility of them should preferably be less than 1 x 107 S.I.U..

As a survey policy for Phase III surveys, additional drilling (detailed survey) of the
southern flank of Bektimir Placer No. 1, for which a further extension of ore deposits is
expected, and the southern flank of Bektimir Placer No. 3, where sufficient potentials are
expected, is desired. Palaeo-landform channels are anticipated in the eastern flank of
Bektimir Placer No. 1 and the northern flank of Bektimir Placer No. 2 (Beloe District) as

other potential districts. A drilling survey of these districts is deemed preferable.
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