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PE3DME

B nocaejude roas Monroinckaa Hapojnaa Pecnybawka OTKpHJAa JIBEPH
cBOell AKOHOMHKH AJs 3alaAHMX CTPpaH H MPOBOAMT NOJHTHKY N0 $OPCHPOBAIHHW
TPHBJSYEHRS Kal¥TaNloB H TEXHHKR® H3 3THX CTPaH.

B oTHOWNEHHEH TEXHHYECKOro COTPYAHAEYSCTBA ¢ Hamel cTpaHoR B obaacTH
ropHOH IMPOMHIACHHOCTH A0 CErc BpeMeHd ObAH BHABUHY TH MHOTOYHCJICHHME
ApuawBhi, Ha 3TO fAINOHCKOe MPpaBHATENBCTBO HaNpaBHIO JBa pasa, B aBTycTe
1990 roga ¥ B Mapre 1991 ropa, TPRYNNY TPOEXTHO-BHMGOPOYHORO HCCNEN0Ba-
HHA. B HTore Heoclel0BaTedbekas I'pyiina ¥ ['oCYAapCcTBeHHHA reoiorsyeckHi
ety MHP QOCTHLAX AOrOBOPEHHOCTH [0 MOBOJY NPOBEJSHHS HCCJAEJOBAHHR ¢
1991 roza ¥ 6uAc 3akaowvyeHo pafiovee cordamenve S/W (Scope of Work),
aaTHpOBaﬁﬁoe i6 maprom 1991 roga.

Heav HecHeHOBAHKA ABNAETCA BMACHEHHE CHTYAlHH ¢ PY/HHMH MEeCTO-
PORJIEHHAME [YTeM onpejAedelua reojoruvyeckoil obcrtadHosxkH Yyaam Tad,
pafiona Ha wro-poctToke MHP ¢ niomaannio mpEMepHO 500 The. KB. XM.

B TekyieM roiy, B NeppoM rojy, onpejeanaomed 199% ¢HHaHCOBMH rof,
KaK CTapTOBHH, HMNOHCKaHR CTODOH&ICQDPMHPOBaRa Bbie 3JIHYI0 HCCAefoBaTeAL-
CKVI0 TPYINY B cOCTapBe MATH 4YejoBeK H OTApaBH#jia ee Ha MecTo ¢ 18 HwHs
no 8 oxtsabpsa 1991 roxa.

Ha MecTe KCCAeAOBaHHA GbA0 YCTIHOBAEHHO CEMB CNEJYNUHMX PaROHOB!:
paitoH JOopHOJ, BKJAWYAWNFR MHOTOUYHCAEHHbE 3aJeXH PYA MeTanjos cepebpa,
CBMHUA, UdHKka, pafioH TymypToidiH OBOO ¢ 3ajekaMH LHHKOBHX PYA THOA

cxapH, paiiod HyxyT-JaBaa ¢ 3ajiemaMu BoJbdpama TUNa rpefised, paloH



Xap-Aflpar ¢ pelKMMU B MHpe 3allokaM¥ NJAARHKOBOCLO WNata, pafoH JyrrHHron
¢ salieRaMH peakHx seMenb THMA KapboHaTHT, pafiod IaraHoy6ypra co BTODHM
B MoHroanu MecfopomueHHeM MeNHd TrA NophHP M Takxe padoH Ynau#T ¢
3ajieMaMud pefikuX 3eMeds THN& KapGOHéTHT, CTPOHNHA, NMJABHKOBOTO WNaTa H
MHOT'OYHCAEHHHMMH 3010THME KHAQME,

HecaepoBauusl BKANYAKNT KOMAHJISUHI YHe HMEDUHXCH AaHHMX, reoAoruuec-—
KHe Hccneﬂoéaﬂnﬂ H aHalk®M3 CHEMOK CO CHYTHHKA.

3a KOMIOHJAAUMD AAHHMX oTBeYad [1peHMYNeCTBEHHO PYKOBOAHTEMRL [PYIHIH,
BaauMoAeRCTBYS C MOHTCOJALCKHMMM NpPejCTABHTESASIME, OB NMpoBejed chop H
CHCTEMATHIAUMA MATEPHANCE, HMEWHHXCA B XPaHHAHHe JaHHHX locyaapcTBEH-
HOT'O TeoJOTHYECKOrO LEeHTpa B Yaan-Batope, mno MeTajlaMm, HeMeTajlJaaM H
pecypcaM KaMeHHOro yrisd.

UYTo KacaeTcH# TeOoJOrHYEeCKHX MCC/eloBaHHiE, To 4YeTBepo HeCeACROBATE-
Jell, B3aWMOAeHCTBYA C MECTHMMH OPraHH3AHUAMH MOHTOJALCKGH CTOPOHLI,
NpoBeJH BHE3JHMEe HCCARJOBAHEA OCHOBHMX CYHECTBYWIHX PYAHHKOB W H3IBECT-
HBIX PYJiHMX MecTOPORAEHHWH, BXOJAHMX B paHOHN HCCAe/J0BaHHA, YKazaHHHE Ha
KapTe MECTOHAXOXJEHHS paioHOB O0BEKTOB HCCJSAOBAaHHSA.

llp aHaamase cheMOK cO CTNYTHHKA Tpoe HeclejoBaTeded B Inonuu,
HCHoRb3yYsa UBeTHhe ¢oTocheMKH MSS H gaHunie TH CCT npoBOJAHAE reojorHydec-—
Kyl pacliHfpoBKY GOTOMATEPHANOB H 3IKCTPArUPOBaHHEe JAereHepHPYHHEX HOf-
coB.

B pesyapTaTe HecAeOBAaHHEE MPH3HAHO YTO Kawjwid H3 pafioHOB: JOPHOA,
Tymypruiin OBoo, Haraucybypra M YA3SHAT ABJAAETCA MHOroofellanidM B

KayecTBe 0bBEK T2 MPOJOAREHAR HCCACJOBaHHA,



B palioHe JopHoj y#e (poBejeHil JOBOJABHO GONBUME NO 06BEMY HCCAEND-
BaH#sd W [0 KpallHe#l Mepe MORHO CcKasaTh, 4TO OTKPHTH DPYJHHE MeCTOpOKie-
HHf, COMNPOBORJAWMKe oDHAPYMEHHNE Bo BpeMdA BO3JYUHON MarHHTHOM paaBel]KH
MAHHTHHEe aHOMAJIKHK B pyAHHNE BHXOAB HA fMoBepXHOCTH, OJHAKO JONyCcKaeTcd
BO3MOKHOCTDL, YTO HOJ3eMHLIE 3aJeHH MHOMHX METalios ocTanﬁCB He o6Hapy-
meﬁm, H B JajbHeftlieM, HA4aB ¢ WHPOKOH I'PAaBHTAUHOHHOR pa3BejKH,
HeoOX0AHMO OCYUECTBUTL MPOrpaMMy pasBellKH TIOJI3EMHBX DYAHMX 3ajlexef.

KpoMe TOI'0 pyjAHbe MecTOpogRjenus B pakoHe llaB no ceoeMy o0Bemy,
KavyeeTBY, YCNOBHSAM MECTHOCTH M JPYIHM MOMEHTaM ABAswTCA HamBoaee
BUOBMOKHLIMH AJlA HanOOAnweR paspaboTku. IOCKOALKY PYAHAN padBejka 3THX
MBCTobomﬂeHHB YEE A0CTaTOYHO MNPOABHHYAACE, KeJaTeJbHO B fAajbHefmeM
HCMOAB30BATH HX B KadecTBe ofbexTa moApobHbiX McCAeJOBAHUE, fpejpilocaan
3TOMY pa3paloTKy DPYAHHKOB.

B pasiotie TyMypcTHEH OBOO MaNOBEPOSiTHO OTKPHTHE HOBWX MECTOPORASHHH
B PESYAbTaTe UWHPOKOTEPPHTODUAALHEX HCCAeJOBAHHA, HO eCTh HOCTATOYHO
CMHCJa 33JlyMARTbCA O pa3paboTKe y¥e H3BeCTHMX MeCTODORJIcHHA. B oTHowe-
HHH 3THX MECTOPORAGHHE MOHfOHHﬁ YHe onpejelidia Kype HX caMocTodTelb-
ﬁoro PasSBHUTHA, HO JAJA HeloCPe/[CTBEHHOI0 HX OCBOCHHA B BHJE PY/IHEKOB
HeOBXOAMMN, HaBepHOE, OOUHE PAcYeTH 3KOHOMAYECKOR LeAecoobpa3HOCTH,
npekje Bcero NpejpycMaTpHBawipe fApoiecc Bubopa MeCTODPODH/EHHS.

Hogpobuoe HeocaeLOBaHEE 30JA0TOCD MECTOPOXJeHMA OroH-0BOOT B padoHe
YasudT npeBiekaeT BHHMaHHe OHCTPHM 3IKOHOMHYeCcKHM 3¢fexkToM. K ToMy e
B 064aCTH, HauHHafd ¢ 2Toro pafioHa H jlo pafioHa llaraHcyfypra Ha BOCTOKe,

€CTh H KpOMe 3TOro eile MHOIO 30JO0THMX MeCTOPORJESHHE.



TadpHellan sajfavya BHAHTCH B CALJVHNEM: HADPAJY € [POBEfcHUEM
OTAEABHNY BHEe3IHHX HCCACACBAHHE NO ITUM MECTOPOXJACHHAM ¢ BHHCHeHHEM HX
- XapakTepa, BECTH TOHCK HOBHX MeCTOPORJEHWH, NPOBOASN Pl MecaekoBaHui
Ha QCHOBe MeTOJA0RB HHCTaHUHOHHOFO ofiiHapyReHASA H. IIHPOKOTEPPHTOPHANBHOK
fH3AYeckod pasBelKH.

Takse ¢Tale ACHO, 4YT0 B MOHPOHHH €CTh BamHdEe AaHHMe, Kacaluuecs
Heele/oBaHKH, ocymeCTBﬂeHHMX paHee,

Aasg toro, uTofe HCCASNOBAHKA B 3TOR CTpaHe MDOXOAHAH TAAAKO H
3¢¢eXTHBHCO- ReAATeAbHO H Jafee H3Y4YaTh 3TH npobneMhl B 3PPeKTHBHO HX
HCHOAB30BATH.

- ONHpasick Ha BHEEH3NOKEHHME PeayJbTaTH [peAJoKeH NAal Uccae/l0BaHRR

Ha BTOpoit rof.



PREFACE

[n response to the request of the Government of Mongolian People’s Republie, the Japanese
Government decided Lo conduct a Mineral Exploration in the Uudam-Tal Area Project and
entrusted the survey to the Japan International Cooperation Agency (JICA) and the Metal
Mining Agency of dapan (MMAJ).

The JICA and MMAJ sent to Mongolian People’s Republic a survey team headed by Mr.
Eitaro Sato from June 18 to October 8, 1991.

The team exchanged views with the officials concerned of the Government of Mongolian
People’s Republic and conducied a field survey in the Uudam-Tal area. Alter the team returned to

Japan, further studies were made and the present report has been prepared.

We hope that this report will serve for the development of the Project and contribute to the

promotion of friendly relations between our fwo countries.,

We wish to express our deep appreciation to the officials concerned of the Government, of

Mongolian People’s Républic for their close cooperation extended to the team.

February, 1992

Kensuke YANAGIYA
President

Japan International Cooperation Agency

Gen-ichi FUKUHARA
President

Metal Mining Agency of Japan
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NAME OF DISTRICTS AND ORE DEPOSITS

DORNOD district
Tsagaan-Chuivut Hudak
Ulaan
Mardai
Delger-Munh
Tsav
Salhiit
Bayan-Uul

TUMURTTIN-OY00 distriet
Arin-Nuur
Tumurtiin-Ovoo
Saiaa

Salhiit

NUHUTT-DAWAA district
Yuguzer

Tsentr

Nuhut i in-Tsagaantolgoi

HAR-AIRAG district
Chol-Tsagaan-Del
Adag
Bor-Undur
Maihanta
Tsagaantakhilch
Hongor

ULZIIT distriet

- Mushgia-Hudak

Olon-Ovooi
Bayan-Hoshoo
Bugshib

Onh

TSAGAANSUVRAGA district
Tsagaansuvraga

LUGTINGOL district
Lugiingol

Fig i-1-1

Location map of the Hludam Tal Area







‘Bummary

Technical cooperation with our country in the ficld of mining has often been requested from
the Mongolian People’s Republic in the past. The government of Japan dispatched project finding
missions on two oceasions, August 1990 and March 1991, at the request of the Mongolian
government.

. The purpose of these surveys is to determine the potential of existing mineral deposits by
clarifying the geological conditions in the Uudam-Tal area in the southeastern part of the
Mongolian People’s Republic,

During the first year of this agreement MMAJ organized a mission consisting of § members
who were dispatched to the field from June 18th to October 8th, 1991. .

Seven arcas were selecled fo be surveyed: the Dornod district which contains silver, lead
and zinc deposil zones; the Tumurtiin-Ovoo district which is an area of skarn type zine depesit
zones; the Nuhut-Dawaa district which is an area of greisen {ype tungsten deposit zones; the Har-
Airag district which is one of the best fluorite deposit zones in the world; the Lugiingol district
which contains carbonatite type rare earth deposits; the Tsagaansuvraga district, the second best
porphry copper déposit zones in Mongolia; and the Ulziit district which contains carbonatite type
rare earth deposits, strontium and {luorite deposits, and many showings of gold occurrence.

The surveys entail data compilation, geological survey and satellite image analysis. The
mission leader collected and organized data upon metallic, non-metallic and coal resources in the
data room at the State Geological Center in Ulaanbaatar with the cooperation of the Mongolian
liaison,

FFour geologisls carried out a lield survey of the major existing mines, known deposits and
mineral showings in the survey area shown on the localion map, with the ecoperation of the local
Mongolian staff.

The salellite image analysis was conducted by three members of the mission working in
Japan. Color printed MSS images and CCT/TM data were used in a photo-geological
interpretation to determine alteration zones.

As a result of these survey districts such as Dornod, Tumurtiin-Gvoo, Tsagaansuvraga and
Ulziit were found Lo have polential and be worthy of future surveys.

In the Dornod district, a considerable number of surveys have already been conducted
including airborne magnetic surveys. Deposit cuterops have been mapped from anomalies
associated with these surveys, but there is a possibility that blind polymetallic deposits remain
undiseovered. Therefore, in the future it will be necessary to conduet a program of surveys for
these blind deposits, starting with a regional gravity survey. Among deposits in this district, the
Tsav deposit seems, from its ore reserves, grades and location, to have the most potential for
future development. The exploration of this deposit has already reached an advanced stage.
Assuming that future development of this mine is to be condueted, it is desirable that a detailed
survey of the deposit be concluded.

Therc is little possibility of finding new deposits by regional surveys in the Tumurtin-Oveo
district, but development of deposits in this area is worthy of consideration. The government of
Mongolia has already deeided to develop this district but a feasibility study, to include ere
dressing processes, must be completed before proceeding with the actual development.

A detailed survey of gold deposits in the Ulziit district at Olon-Ovoot is worthy of attention
from the point of view of quick economic effects. There are many other additional showings of gold
occurrence in areas stretching from this district to the Tsagaansuvraga district in the east. It
would be advisable to conduct a field survey of each of these showings to clarify their character. A
series of surveys Lo find additional new deposits should be conducted at the same time. These
surveys should include remote sensing analysis and a regional geological survey.

It was found that there was a huge amount of data from the previous surveys in Mongolia.



In order to promote smooth and effective surveys in this country, this data should be further
studied and used effectively.

Plans for further surveys in the second year of this agreement have been proposed from the
results deseribed above.



Part 1 GENERAL REMARKS






Chapter 1 Introduction

1-1  Survey background

The Mongolian People’s Republic has recently opened the door of their economy to western
countries and is now pursuing a policy which promotes the introduction of funds and technology
from these countries. The Mongolian government has approached our governmenl positively and
privaic companies are also taking a strong interest in development of the resources of Mengolia.
Technological cooperation with our country, in the field of mining, was desired and a written
request {or surveys to develop rarc earth deposits in the Mushgia-Hudak area was submitted in
Octobier, 1989. The first project linding mission was dispatched at the request of the Mongolian
government and the possibility of cooperativ'c surveys fro copper, lead zinc and rare earth
minerals was confirmed.

A second project finding mission dispatched in March of 1991, following three additional
requests lor assistance from Mongolia during February of 1991, The goal of this mission was to
investigate the feasibility of surveys which had previously been proposed and to discuss specific
survey items with their Mongolian counterparts. This resulted in the survey mission and the
State Geological Center of the Mongolian People's Republic agreeing upen the commencement of
a survey program in 1991 and a Scope of Work (8/W) dated March 16th, 1991 was signed. The
surveys which were agreed upon were begun 1991 and were conducted adcording to this Scope of
Work. ' ' _

The purpose of these surveys was to determine the potential of mineral deposits in the
Uudam Tal area of the Mongolian People's Republie. This was accomplished by geological
investigation of the area, satisfying all four of the requests submitted by the Mongolian parties.

1-2  Purpose and cutline of activities during the first yeai's surveys

The area which was surveyed during the first year of this program is shown in Figure I-1-1.
This is the Uudam-Tal area which cceupies an area of 500,000km2 in the southeastern part of the
MPR. The survey area was bounded by the southeastern border of the MPR, a line from the
hoarder north to a point, at 45°00°N, 103°00'E, a diagonal line Lo a point 48°00°N, 113°00°E and a
line north from the latter peint to the border. Due to the vastness of the survey area and the wide
variety of mineral occurrence in the area, specific areas of interest bad to be chosen. |

The following seven districls were selected to be surveyed.

1. The Dornod districl: a polymetallic district covering an area of 33,000km2 in which

silver, lead and zine minerals occur associated with igneous activity of Jurassic fo

Cretaceous Period.

2. The Tumurtiin-Ovoo district: a skarn district of 33,000km?2 in which zinc minerals are
associated with Early Jurassic igneous activity.

3. ‘The Nuhut-Dawaa district: a greisen type metallogenic distriet covering 7,000 km?2
with occurrences of tungsten and melybdenum mineralization.

4. 'The Har-Airag district: one of the. best fluorite districts in Mongolia covering
40,000km?2- ‘The mineralizalion is associated with Mesozoic igneous aclivity and the mines
of Bor-Uudur and Agag are being worked. '

5. The Lugiingol. district: vein shaped carbonatite rarve earth deposits occurring with
alkaline rocks of Permian to Triassic Priod in an area of 3,300km2,



6. The Tsagaansuvraga district: the second largest porphyry copper district in Mongolia
covering 20,000km?2 with many deposits and prospects formed in Early or Middle
Carboniferous Peviod.

7. The Ulziit district: a-district in the southern Gobi desert of 20,000km? in which there
was repeated carbonatite, fluorite, strontinm and rare earth mineralization from Silurian
to Late Jurassic Period.

The purpose of the first yeat’s surveys was a geological study of the depbsits in the Uudam
* Tal arca of the Mengolian People’s Republic. Specific elements of the program of study and the
purpose for each are as follows:

1. Compilation of existing data: collection, organization and analysis of a large amount of
data held by the Mongolian ﬁuthorities, to determine the current state of mining activity in
the study area. This included summarizi'ng past and current surveys of the area, listing
existing mines and development projects in the area, and a tabulation of ore showings in
the area.

2. Geological surveys: to investigate active mines, known deposits, and ore showings in
the survey area, to study the conditions under which mineralization occurred and to
_investigate the geological environments in which the mineralization occurred.

3. Satelhte image analysis: to study the r egmnal geologlcal structure of the survey and to
locale alleration zones by spectral analysis of light reflecked from the ground in the areas of
known ore deposits.

The [irst year's survey activilies are outlined as follows (Table I-1-1):

I. Data compilation: The mission leader, with the cooperation of the local authorities,
compiled background information in' the data room of what was formerly called the
“International Geological Center Building” at the Stale Geological Center of the
Mongolian People’s Republic in Ulaanbaatar from June 21st to October 6th, 1991, During
this period, four other members of the mission were also engaged in this work for a total of
60 man-days. Their activities included collection and organization of data relating to
metallic and non-metallic mineral and coal resources in the area. Specific information
obtained by this research team included data on the following topics:

‘a.  information on known deposits and areas of ore showings

b. alist of past surveys and surveys curregtly in progress

¢. information on exisiting mines and mine developlﬁent porj e.cts

d. stalistics on domestic production, importation and exportation of resources

2. Geological Surveys: PField surveys were conducted and data. was collected and
confirmed, as necessary, in the following areas:
a. The Dornod districk; the Dornod explm ation sites and the polymetallic deposits at
Tsav and Ulaan
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b. The Har-Airag district; the Choir exploration sites and the fluorite deposits at
Tsagantakhileh, Maihanta, ITongor, Bor-Undur, Adag and Chol-Tsagaan-Del

¢. Tsagaansuvraga district; the I'sagaansuvraga copper deposit

d. Ulziit district; the Geology Company's exploration site, the Mushgia-FHudak rare
earth deposit, the Olon-Ovoot gold deposit and the Bayan-Hosho strontium deposit.

Four members of the survey mission, with the cooperation of the Mongolian staff,
performed studies at the major existing mines, known ore deposits, and at sites where
mineralization is indicated within the survey area. These studies began with location of
the study areas and confirmation of the geology and mineralization in each area.
Important outerops were then sketched and photbgraphed and rock samples were taken for
laboratory studies. The environments of the areas of mineralization were also analyzed.
Anoutline of laboratery work performed is presented in Table 1 -1-2.

Anoptimum survey route was determined from the background information which was

provided by the Mongolian team. A genlogical route map was then drawn from air photos
and topographic maps which were drawn at a scale of 1:100,000. At each study area along
the survey route, detailed observations were made and recorded as accurately as possible.
Imporatant outerops were also sketched at an appropriately reduced scale and
photographed in color. The preecise locations of the study areas were determined by GPS
measurements. The resulis of these studies were then analyzed with the cooperation of the
Mongolican team in Ulaanbaatar and geological maps of each study area were then
prepared in accord with the superinténdent’s instruelions. _ _
3. Satellite Image Analysis: The remote sensing team, working in Tokyo, determined the
distribution of geological units, the location of alteration zones and lineaments within the
study area by photo-geological analysis of eolor printed MSS images and TM CCT data.
The TM CCT data were at a scale of 1:200,000 and the MSS images were at a scale of
1:500,000 and 1: 100,000, The MSS images were used to produce larger mosaic images.

The lai‘ger scale MSS images at a scale of 1:500,000 were used to determine lineaments
and the distribution of geological units in the study area. The images which were employed
in this process are presented in Table 11 -2-1 and the area covered by these images is shown
in IPigure 11-2-1. The results of the photo-geological analysis were reviewed and correlated
with geologieal structure, the distribulion of known ore deposits and the location of areas
where mineralizatipn is indicéted by use of a composite analysis map.

Alteration zones around known deposits were identified by spectral analysis of light
reflected by the earth. False color images {color prints at a scale of 1:200,000) were made by
combining TM CCT dats from two color bands (2,3,4 and 4,5,7). The data which was used in
this process is listed in Table 11-2-2 and the scales of these data area shown in Figure II-2-
2' . PN .

The reflected spectra of rock samples collected during the field survey were also
measured. From these measurements the preportional arithmatic processing appropriate
for the i_denﬁiﬁcatbn of the aitération zones was determined. -An alteration zone extraction
map was then prepared form the results of this work.

Organization of survey mission persennecl
1. Survey planning and negotiations teams
a) Japanese staff '
Hireshi SHIMIZU Metal Mining Agency of Japan (MMAJ)



Kyoichi KOYAMA
Toshio SAKASEGAWA

Mitsuhiro WADA.

Shinji IKEDA

Kazuyuki MURAKAM!
Hideya METSUGI
Takeshi SHIROMIZU

b} Mongolian stuff

G. BATTSENGEL

L. NASANBUYAN

Z. BARAS

J. TSEND-AYUSH
B. AMARSAIITAN
T. RENCHINDORJI
SH. BAASANDORJI

2. Field survey Leams
a) Japanese stull

Eitaro SATO

Akeo ONISHI

Kiyoshi NAKAMURA
Hideo SUZUKI

Shigeyuki YAMASAWA

b; Mongolian stuff

J. TSEND-AYUSH

D. BATBOLD

K. ENKHTUPUSHIN
BAYAR-SATITAN

SH. BAASANDORJI

D. GARAMJAYV

Metal Mining Agency of Japan
Melal Mining Ageney of Japan

Chinese Division, Asian Bureau, Ministry of
Foreign Affairs

Mining Division, Board of Resource Energy,
Ministry of International Trade and Indusiry

Metal Mining Agency of Japan
Metal Mining Agency of Japan
Japan International Cooperation Agency

Director, United Nations and Western
Countries, Minisiry of International Trade and
Industry

Ministry of International Trade and Industry,
(Japanese Division)

Head, National Geology Center
National Geology Center
National Geology Center
Geology Company

Geology Company

(Leader, existing data compilation)

Mitsui Mineral Development Co.,Lid
{geological survey, existing data compilation)
Mitsui Mineral Development Co.,Lid
{geological survey, existing data compilation)
Mitsui Mineral Development Co., Ltd
{geological survey, existing data compilation)
Mitsui Mineral Bevelopment Co.,Lid
{geological survey, existing data compilation)
Mitsui Mineral Development Co.,Ltd

{Organizer, existing data compilation)
National Geology Center

{geological survey) Geology Company
{geological survey) Geology Company
(geological survey)

Dornod exploration site

{geological survey)

Person in charge, Geology Company
(gcological survey)

Geological Institute



3. Satellite image analysts (in Japan)

Koji YASHIRO Mitsui Mineral Development Co.,Ltd
Kazuhiro ADACHI} Mitsui Mineral Development Co.,Ltd
Hidehisa WATANARE Mitsui Mineral Development Co.,Ltd






Table 1-1-1 Dispatchment of survey mission

1. Specification

Contents of survey Number of geologist Term of dispatchment

1) Data compilation

Responsible enginéer 1 geologiét 105 days

Geologist 4 geologists 15 days each
2) Geological survey

Field survey 4 gedlogists 60 days each

Field analysis ) 4 geologists 1 days each

Total 433 days

2. Performance

Number of geologist Depperture Arrival Term of dispatchment
Responsible engineer 1  June 18 ~ Oct, 8 113 days
Geologist 3 June 18 -~ Sept. 16 91 days ecach
Geologist 1 July ¥~ Sept. 16 78 days
Total 464 days
Table 1-1-2 Lavoratory work
Testing iteas Quantity | Dornod] Tumurtiin | Nuhutt-f Har- | Lugiin | Tsagaan- | Ulziit | Performance
Specified -Qvoo Davaa | Airag | -gol. | suvraga e Total
1. Thin sections 80 26 14 ! 3 8 1 20 32
2. Polished sections 50 19 6 .l 0 1 11 4 52
3. Thole rock chenical analysis 50 17 ] ? 2 1 ] 12 51
4. Ore anatysis 310 82 45 121 29 1 90 120 385
1) Polymetaitic vein and skarn| ( 108 ) 62 32 10 0 0 ] 0 104
{ Cu, Pb, Zn, Ag, Au, ¥o. T )
2) Porphyry copper(Cuw, Mo, Ag, Au) (100 ) 1} 13 0 0 ] 90 0 103
3) Awriferous quartz vein { 50> 18 ] 0 0 0 [} IL| 92
{ Au, Ag )
4) Carbonatite and Apatite rock ( 30 ) 0 0 0 0 7 0 26 33
{ TREG, Sr, Ba,P. Y )}
9) Fluorite ore({ CaF, .5i0; . € 30> 0 1] 2 25 0 i 0 3
Cal0, , Fea 05 .} -
6) Strontium ore { 5r50 , , { 20 2 ] 0 0 0 ] 20 22
Ba§0s . TaS0, . Fey 05 .)
5 X-ray diffractien 160 25 12 3 9 & 19 26 102
6. Pating : 30 10 3 0 0 7 3 7 30
§) X-Ar Hethod(vhole rack) { 5 2 0 G 0 1 0 2 5
2) K-Ar Nethod( nineral ) 20 4 2 0 0 6 3 5 0
3) Pb-Pb ¥eihod( wineral ) ( 5} 4 1 [} ¢ ] 0 i} 5
7. Fluid iaclusion test 10 3 0 1 2 i it T 14
g Fossi_l identification 1 o 0 1] ] 0 1 0 1
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Chapter 2 Geography of the Survey Area

Location and access
1. Location
The survey area is called the Uudam Tal area, which means “a vast plain” in the
Meongolian language, It is:located in the southeastern part of the Mongolian People’s
Republic-and-has a width of 300 to 400 km and a length of 1,200km, covering an area of
500,000km2, Within the Uudam Tal area there are six administrative districts. These are
the Aimags of Hentii, Dornod, Subaatar, Dundgovi, Dornogovi and Umnugovi (Fig. I-2-1),
The survey area was bounded by the southeasiern border of the MPR, a line from the
boarder north to a point at 45°00°'N, 103°00°E, a diagonal line to a second point at 48°00°N,
113°00°E and a hine north from the latter point to the bearder,

2. Access _ .
Ulaanbaatar can be reached by express train {rom Beijing in 30 hours or by regular

train in 40 hours. As of October, 1991, however, a flight from Beijing to Ulaanbaatar was

available with a flight time of one hour and 50 minutes. - :

The ferrain belween Ulaanbaatar and the survey area is a vast desert steppe at an
elevation of 1,000 to 1,500m. This region is easily accessible by motor vehicles, but most of
the roads are not hard surfaced and can only be traveled at speeds of about 40 kph. TFor this
reason it is advisable to travel by domestic airlines to all areas except Har Airag, which is
close to Uladnbaatar. The domestic flight schedules from Ulaanvaatar fo cities in the
survey area are as follows: : :

To Daily flights Flight time
Choibalsan lor2 1 hr 25 min
Barn-Urt 2 1 hr 25 min
Dalanzadgad 2 - : 1 hz 40 min

{The times shown are one way flight times)

in the rural survey area, while the roads are little more than tracks, the terrain is a flat
and four wheel drive vehicles can be driven almost everywhere. The area is a desolate
desert steppe, however, with no food, waier or shelter and it is necessary to travel in groups.

Topography and drainage
1. . Topography (Fig..1-2-2)

The survey area is a vast plain called the Mongolian nghland at an elevation of 700 to
1,500 m. Influenced by the balance between the amount of precipitation and evaporation,
the northern part of the area is steppe, and the southern part is desert. The lowest point in
the survey area is Lake Khuh which is in the northeastern part of the area at an elevation
of 560m. The highest point of the survey area is in the southwest. It is a peak in the
mounl,qu of Gurvan-Saihan which hasan elevation of 2 ,825m,

Topogr aphmally, the survey area can be divided into five regions. These are the Dernod
Plain in the north, the Gobi Lowland which extends southwest from the plain, the Tast
Mongolian Highland to the north of the Gobi Lowland, the Dariganga Highland which is
south of the Gobi Lowland and the Gobi Altai Mountains in the southwest of the survey
area. :
The Dornod Plain h'ls the lowest mean elevation of these regions. It is a vast plain
which lies at an elevation of 600 to 1,000 m with scattered post-erosional hills. These low

- hills have peak elevations of only 1,000 to 1,200m.
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The Gobi Lowland is a low zone in structure with a width of 30 to 150km, extending to
the southwesl from the Dornod Plain. It is a deserl zone al an elevation of 900 to 1,000m,
with scattered remanent hills al an clevation of 1,000 to 1,200m.

The Bast Mongolian Highland is a gently rolling plain with seattered remanent hills.
It has an approximate width of 300km, a length of 800km and an elevation of 1,000 to
1,500m. The hills in this region have elevations of 1,600 fo 1,700m. The northwest half of
this region is adjacent to Hentii, Altai and the Gobi Allai Mountains and higher elevations
are found here than in the southeastern polion of the region,

The Dariganga Highland is at an elevation of 1,600 to 1,200 m and scatterad remanent
hills have elevations of 1,500 to 1,700 m in this region. It is located southwest of the
Dornod Plain and south of the Gobi Lowland and is covered with extensive plateau basalt.

The Gobi Altai Mountains are localed in the southwest end of the East Mongolian
Ilighlands. They are composed of several mountain ranges, such as the Gurvan-Saihan,
{he Th-Shanhai, ele. These mountaing have elevations which range from 1,700 to 2,800m
and lrend from west-norhi-west Lo east-south-east through this region. They are cut by the
Gobi Lowland which runs through the area from southwest {o northeast and they disappear
further to the east.

2. Drainage (Fig. 1-2-3)

The majority of the drainage in-the survey area is in Dornod and Hentii Aimags upon
the Dornod Plain. [t consists of the Ulz, Galin, Kherlen and Halhin Rivers, all of which are
blind rivers flowing into inland lakes in Mongolia, China and Russia. There are a few large
rivers with permanently flowing water in the southern part of the East Mongolian
Highland, but mest of these flow into the Gobi Lowland and disappear.

Climate and vegetation
1. Climate (Table [-2-1)

Average annual temperatures in the survey area range from a low of — 1.6°C in the city
of Choibalsan to a high of 3.9°C in Dalanzadgad. The highest average monthly
temperature is 23.2°C in Sainshand during the month of July and the lowest is --21.3°C in
Choibalsan in January. During the course of a year temperatures in this area can show a
range of 80°C, with the highs of 45 to 47°C eccurring in the Gobi desert and lows of —-43°C
in the city of Cheibalsan.

The survey area is arid both in the steppe and in the desert with generally higher
precipitation in the north than in the south. The annual precipitation ranges from a high of
248 mm in Choibalsan to a low o[ 100 mm in the Gobi avea. The precipitation in this areais
seasonal occurring primarily in the form of rain. The rainly season lasts from May to
September with the peak rainfzll in July. The winter is a dry season with only a few
millimeters of precipitation per month.

The wind is generally strong throughout the year in this area. The strongest winds are
pbserved in the Gobi desert during the mounths of Mareh, April, May and November. There
are 40 to 50 days of sand storms each yecar, during these months. The weather conditions in
the Gobi are very severe during the summer when hot winds are accompanied by
temperatures above 40°C,

2. Vegetation

The vegelalion in the survey area is largely controlled by the balance between the
amouni of precipitalion and evaporation. On the Dornod Plain and in the northern part of
the [ast Mongolian Highlands, the precipitation is high during the summer but the
lemperature is low and there is litile evaporation. Duec to the low evaporation, therc are



few trees but relatively tall grass and thick ground vegetation forming a steppe.

The annual precipitation is generally low and temperatures are very high in the Gobi
area. As aresult, the Gobi Highland, which is quite dry, is a rock desert and the lowland is
barren desert with sand hills. The intermediate zone between the highlands and lowlands
is a semi-arid steppe with short grass and little vegetation. Trees are, on the whole, very
scarce here and only short trees which are unique to the Gobi Desert are found. These trees
are sparse but gregarious and are called Gobi trees. They are found at oases and on
lowlands of the desert which occasionally become damp.,
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Table [-2-1 Major climatic indices of the area

Mean hMonthly and Aunval Tempereature (°C)

Atean Afonrhly

Meteorological Al
stafio anIge
Heb.  Manh sdprl Aty Juwe Iuly Amg Sepi kit Nop, Dee.
Ali:\l_ ~-87.4 -H.Y -5 64 1.6 1.0 127 [ ~-1.8& —\ng -1 ~-i.8
Arvailicer -13.9 -6.6 1.4 85 112 154 [EAt R 1.2 -4.2 -140 0.4
Bacuun Urt -18.6: ~#.5 Iy 1.2 17.4 e 17.9 1.2 [T ~10,§ ~14.9 0.4
Payanhangar -6y 18 Lu 9.3 15.0 154 Lt 7.9 U8 08 174 -07
Budan Jlw2 65w B M7 163 WA TS 13 —14 192 -6
Choibalian . -18.8 A 24 1N} 18 2L k8.2 0.7 i8 =105 —IH‘.’) 0.4
Dalanzadggd 3.2 6.1 130 1.1 1.3 (D8 13.2 4.8 -58° -l 3:‘) )
Hovd -7.3 A .5 175 18 6.2 0.4 1.3 -1 -3 03
Mandalgov' 70 2y M6 16% MR 172 03 18 -R3 <168 1
Mardn -8.3 1.5 PA 15.7 16y 4.7 18 -1.2 -21.5 -L.B
i -tid 1.9 K.Y [ER 145 1.0 Y -0 -16.3 0 0.2
Cradiichiazn -U.s R 1L} 10 S ) I8 .7 0.0 -2i.1 4.9
Sainshand 47 59 M we M2 A1 1B3E 43 -165 34
Siilibaacar 8.0 A 1nm.5 17.2 .1 16.0 PR ] .5 ~19.9 -3
Tsetserlep 0.9 1.1 #1 () 7 15.1 7.4 2 -4 LY
Ubsanbuaatar -10.8 ns 4.3 E1.2 170 . 150 1.6 -7 M0 =24
Ulaasigons -19.0 -2 1.1 (Y m.2 1.4 14 LN ] =-In8 —S,H
Uliastsi -11.3 3 A 141 15.4 15.7 .t =1 K -8
Zuuumod -9 [$N] 74 LR 15.4 137 7.4 -7 -18.2 -1.8

Note: Mn‘ngn!i:\'s climate is strarply continental. Tlrowgho dhe year, thees are 230 suuny and 9-22 clowdy days, The duration of dhe
petiod with a mean daily temperatuee Biglee than G°C Lists about 1T70-F20 days, inereasing to the sunthand sooth-gastap ro 200-215

days.
Mean Monthly Precipitation (mm)
Meteorolaginal - - Toral
station yearly
Jun, Feb. Aburch  Apail May Jrne ly Ang. Sept. Ot Noy D
Abai 1.2 L8 6.7 A 1.1 WY 444 42.2 14.8 1.6 3.3 2.0 176.9
Arvatheer 0.9 (8.3 4z 28 171 BRIt 1.7 nly 179 1.8 28 1.7 254.2
Baruun Ure 22 1.7 3.3 74 137 3 574 421 nz 58 27 LY 191.2
Bayanhongur 1.9 3.2 4.5 23 5.2 A3 [E08 ] 545 16,4 7.1 2.6 i.5 2163
Bulgan 1.4 20 3.9 9.1 25 57.1 wee 7.9 .2 1t.4 16 18 3243
Choibalsan LY 2.4 30 6.7 14.8 5.8 57 594 271 8.2 33 27 2160
1alazadgad k1l 1.5 2.8 5.6 1.2 239 335 36 124 29 1.9 L1 132.5
Hlovd i6 1.2 1.7 5.4 131 17.2 345 N6 2.4 32 1.5 21 EE9.0
Mandalgov® 0.7 14 20 3.3 L2 noe 465 456 4.1 A8 | K 1.4 1638
Méoeon 1.5 [ 21 64 13.8 46.2 LS B X 223 6.2 25 19 235
Olgii 08 +.6 B2 13 .y 215 3y 154 12.2 22 0.0 1.3 17,1
Qaditham 13 2.6 4.7 74 154 47.0 3.3 589 45 1.3 3.7 22 254.2
Sainshamd 07 1.4 1.3 4.2 [{'R] 19.6 319 210 2.8 43 1.5 1.0 1.l
Esetserleg 2.5 3.7 5.9 7 25 645 .Y 0.0 7 1.2 6.0 2.3 3440
Ulzanbaatar L5 1.9 22 7.2 15.3 5.3 6 118 44 6.0 ) 1.6 233.0
Ulaangam 22 2.1 as 4.2 7.1 23.2 o 272 .0 4.5 17 3.6 135.2
WUlhastai 2.6 2.6 5.6 €26 15.0 338 652 421 .9 8.0 4.9 57 217.0
Zummmed 1.4 21 38 89 4.4 108 838 6B 29.6 6.0 s 2.6 2.8

Note:  Precipitation is exeeemely irrcgular according to Jifferent seasons ul the year. Durisyg the coldese months {October-Aarch} just 8-10
pee cent of the wial anuual precipitation Jalls 30d 67-7% per cent duering the three stommer months (June-August). The lowest
precipitation is in Jasmary amd che highest in July

Mean Monthly and Annual Wind Velocity

Adean Afontkly

AMetcerological Anzal
skition e
o, e Marck Apdt Alay e July Aug, St Ot Nov e
Aleai 27 3.0 34 4.3 4.4 34 3.0 3.n 31 35 3.5 xB 33
Arvaihices 28 31 kX1 S0 4R LR 33 3 34 33 35 EXt 36
Bazsnn Ure 30 3.2 3.6 4.4 44 4.4 34 i 13 3 4.9 31 iR
Hayanhongor 28 2.8 3.0 L) 39 31 28 27 an an 3z 20 31
Bulgan LX) 1.7 23 34 in 24 2 E.49 22 21 a0 1.7 3z
Chuoibalsan 3R 4.1 4.5 54 q1.5 LR | 35 22 3.7 4.6 .0 4.3 i
almzadgad 30 35 4.4 5.6 5.0 4.4 4.0 in 37 34 38 s +0
1ovd 1.9 1.3 2.0 27 28 3 L 1.7 L3 LY 1.7 1.0 1.8
Mandalgov® iy 4.2 LN 35 5.8 49 1.2 37 3.9 3.6 4.0 4.0 43
FAGron 14 1.4 22 ] 32 21 1.7 1.6 1.7 1.7 kAl 1.4 LY
Olgii 24 2.9 2.5 32 35 32 25 2.9 26 2y 33 21 28
Oraelésrhanm 34 33 39 +.8 43 4.0 a7 33 35 33 a3 34 a7
Sainshand g 4.0 1.7 5.7 S8 5.0 +1 R 4.0 39 4.0 4.2 4.4
Sailsbaacar 1.7 1.9 2.4 32 1A XN 3 24 25 1.7 23 22 24
Tsetserbep 2.4 25 2.8 35 kN3 23 21 20 24 2.6 28 23 26
Ulaanhaatar 0.9 [ 20 2.3 A4 37 a4 16 24 23 1.9 1.3 0y 12
Ulimgem LR} () 1.1 1.7 L] 2 (R 1.5 1.5 1.5 1.3 0.9 1.4
Uliaseai 1.2 1.2 1.6 2h 27 25 23 12 35 1.7 P2 [ 1.9
Zutnmod 1.7 2.2 23 An 37 e 23 2 25 2.} 25 21 2.8

MNate: Fhe mean annual wind velicity varies frone 2-3 etres pee seeond ovee a lirge pars ol the country’s teeritngy to § metres per sceond
it the extreme south-case. Throughout the conese of the year, & is calm, which is one of dhe essentiak pecnfiaritics of she wind
regime.






Chapter3 General Geology
3-1  Outline of past surveys and brief history of mining

The record of resource surveys and development in Mongolia traces back to the the
beginning of gold mining in the 11-12th centuries. Early in the1800's, gold mining was started by
gold traders in the Altai and south Hangai, éarly in the 1900’s, "Mongolor", a Russian-Mongelian
company was founded, and gold mining began in the northern part of the Hentii hills. Though
there have been many changes since then, alluvial gold mining has bewme the core of mining in
the country until the middle of the 1970's. :

- Upon the Russian Kabariam's discovery of tungsten veins ina palt of the: Yuguze1 deposit
during his survey for water resources in 1939, a modern geological survey began in the survey
area. Following this, from 1942 to 1943 geolegical surveys were conducted by the Soviet Union
around the Yuguzer deposit, and in 1943 mining was commenced at the deposit. In 1954,
géological survey at a scale of 1:200,000 was started at the Har-Airag district. Until. Yuguzer
mine was closed, the main activity was the exploration of the Nuhut-Dawaa district. The Soviet
Union also ‘discovered the Bor-Undur deposit in the same year, and since then the survey. of
fluorite resources al the Har-Airag district as well as mining at the Nuhut-Dawaa district has
become active,

In 1964, the Tsagaansuvraga deposit (Cu) was discovered by local ‘people and the {ollowing
year, in 1965, a survey over a wide area around the Tsagaansuvraga deposit began, In 1966,
Hungary and Mongolia entered into a cooperative survey al the Tumurtiin-Ovoo disirict, where
tungsten deposits such as Salaa, Salhit, ete., were discovered and in 1967, Arin-Nuur depesits
{Cu, Mo) were also discovered. Since then geologieal surveys by COMECON eountries led by the
Soviet Union have been carried out very intensively on the area covering the whole Uudam-Tal
area. From 1971 to 1972, the Soviet Union conducted a geological survey around T'sagaansuvraga
deposit, and discovered a number of copper ore showings. In 1972, the Mardai (U) and Lugiingol
deposits (REE), in 1974, the Tumurtiin-Ovoo deposit (4n) were discovered and the development of
the Hongor deposit (fluorite) was commenced. In 1975, the Tsav and Bayan-Uul deposits (Ag, Pb,
7n), in 1976, the Bayan-Hoshoo deposit (Sr);in 1978, the Chol-Tsagaan-Del deposit (fluorite) were
‘discovered, and'in 1980, a mining at the Marudai and Chol-Tsagaan-Del depbsité was started,
Thus resource surveys in the Uudam-Tal area in Mongolian People’s Republic expanded rapidly
from 1964 on, and most of the deposits presently known were discovered during the ten years until
1970. Since then a follow-up survey was conducted on the each de'posit and mining was started at
some deposits such as Marudai, Bor-Undur, Chol-Tsagaan-Del and Adag. However, many
mineral showmgs wereinvestigated only inter mlttently up to now.

Surveys conducted by various kinds of geological survey groups with the cooperation of
COMECON countries are generally large scale and systematic. Usually at the beginning of
sur‘veyé; airborne magnetic survey was conducted, and at the samé time a geological map over a
wide area at a scale of 1:500,000 was made. They are followed by a geological survey over a wide
area‘at a scale of 1:200,000 mainly by systematic geochemical exploration and aerial photo
analysis.” If some mineral showings are found, further detailed surveys are conducted, and at the
same time, by using various methods, such as y ray spectrum method, IP method, pitting,
treniching, diamond drilling and tunneling are conducted for a period of two or three years in most
cases. . ' '

These survey reports (in Russian) are strictly kept, with serial numbers on their back, at a
library in the former International Geological Center bmldmg in Ulaanbaatar, and their total
number is said to be more than 6,000.



3-%  General geology around the survey area (Fig. 1-3-1, Fig. I-3-2)

Mongolia is localed in the fold belt called Mengelian geosyncline between Siberian
platform block and Sino-Korean block. The sedimentation of the “"geosyncline" took place from
the Precambrian to the Paleozic and these sedimentary rocks have underpone the orogenic
movements in Baikalian (latest Proterozoic), Caledonian (early Paleozoic) and Hercynian (late
Paleozoic). The composing rocks are gneiss, schist, phyllite, erystalline limestone, sandstone,
shale, siltstone, limestone, such voleanic rocks as basalt, rhyolite, which folding intensively and
forming an arc convoexly with a southern aspect, are distributed outside the Siberian block. These
sediments are intruded by granite of various ages since the Proterozoic. From north Mongolia to
Da Xing An Ling, the igneous activity lasted to the Mesozoic Iira, and the voleanic and granitic
rocks of Jurassic to Cretaceous ages (Yenshan period) are wulely distributed. In the Gobi district,
serpentinized ultrabasic rocks supposed to be ophiolite are distributed sporadically along a major
Leetonie line parallel to the fold axis. ‘

In the east side of the fold belt, there is a block called Dong Bei para- platfm m (B1 eya block},
and in the south side, another one called Sino-Korean block, both being Precambrian, All the
three basins, Junggar (or Dzungar), Tarim and Tsaldam are underlain-by the Phanerozoic
formations of several tens of km thick, but in-the depth there exist crystalline metamorphic
basement rocks. Between these basins, the mountains of Altai, Tenshan and Kunlun composed of
metlamorphic rocks of the ITereynian Period run from east to west. . :

In the Gobi district there are some inland sedimentary basins in addition to the above, and
many coalliclds arc formed. ‘ -

Meongolian fold bell is considered to be an accretionary zone to the Siberian plate by the
subduction of oceanic plate in Paleczoic Era (Parker and Gealey, 1985).

3-3  Geological situation of the survey area

The survey'area is located in the fold belt, formerly called the "Mongolian geosyncline” on
the southern or scutheastern margin of the Siberian block. The geology consists of, from the
oldest, the Middle P'roterozoic Group on the southwestern part of the Hai-Airag district, the
Paleozoic Group distributed widely on the whole area and the Jurassic System distributed in the
southeastern part of Dornod, around Choir and from the southern part of the Har-Airag district to
the the Gobi area. These strata have undergone orogenic movements in the Baikalian (latest
Proterozoic), the Caledonian (early Paleozoic) and the Hercynian (late Paleozonic), and were
intruded by granite of various ages since Proterozoic. In the Dornod district in the east, the
igoeous aclivity lasted to Mesozoic, and the voleanic and gnamtlc rocks of the Jurassic to
Crelaceous (Yenshan period) are widely distr ibuted.

. The Middle Proterozoic System, covered uncomformably by the Paleozoic and Mesozoic
groups, is exposed like a fenster in an oval area of the 80km east west and 30km north-south at
the southeastern part of the Har-Airag. It consists of gneiss, schist, crystalline limestone and
gneissose granite intruding into these rocks, and forms the country rock of the fluorite deposits at
Hongor, Maihanta, ete, In the Dornod district, in addition to those, gneiss and schist supposed to
be the Proterozoic (7) are distributed at the Tsav deposit in the northwestern and easl:_ern' parts.

The Paleozoic, found widely in the whole area, consists of schist, phyllite, sandstone, shale,
siltstone, limestone, chert and voleanic rocks of Silurian to Permian ages, intensively folding and -
forming an are convexly ‘with a southern aspect outside the Siberian block. In the Gobi
distriet,serpentinized ultrabasie rocks are distributed sporadically along a major tectonic line
parallel to the fold axis.

These sediments are intruded by granites of various age since the Paleozoic, and forms the



counbry rock of the skarn deposit in the Tumurtiin-Ovoo and the gold showings in the Ulsiit
district.

The Mesozoie, disteibuted widely in the Gobi district, consists of the veleanic and granitic
rocks of Jurassic to Cretaccous ages (Yenshan Age), and the sediments of inland sedimentary
basins of Cretaccous Period accompanied by coal measure. In the Dornod district voleanic and
granitic rocks of Jurassic to Cretaceous ages are distributed widely and the polymetallic deposits
consisting of silver, lead and zine are accompaned by these rocks.

The survey area is the area where igneous activities had most actively repeated since the
Paleozoic in Mongolia, and contains most of the major mineralized zones in association with them.
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IFig. 1-3-1 Geological seiting of the area
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4-1

Chapter4d General Comments on the Survey Resulls
Geological structure and features of mineralization

1. Geologlml structure

The survey area is located in the fold belt formerly called Mongolnn geosyncline in the
south-southeastern margin of Siberian block.. The sediments of the "gcosyncline™ of the
Precambrian to Paleozic have undergone orogenic movements in Baikalian (latest
Prolerozoie), Caledonian (early Paleozoic) and'Hercynian {late Paleozoic).

The rocks consist of gneiss, schist, phyilite, erystalline limestone, sandstone, shale,
siltstone, limestone and such voleanic rocks as basalt, andesite, rhyolite which folding
intensively and forming an arc convexly with a southern aspect, are distributed outside the
Siberian block. These sediments were intruded by granite of various ages since
Proteorczoic.

In the survey avea, the igneous activity lasted to Mesozoie Era, and the voleanic and
granitic rocks of Jurassic to Crelaceous Period {Yenshan period) are widely distributed. In
the CGlobi area, serpentinized ultrabasic rocks supposed to be ophiolite are sporadically
distributed along a major tectonic line parallel to the fold axis. '

In the CGobi district there are some inland sedimentary basing of the Mesomlc (mostly
Cretaceous Period) and many coalfields are formed.

From the above mentioned circumstances, Mongolian fold bclt 1s considered to be an
accretionary zone to the Siberian plate by the subduction of oceanic plate. However there
are many probleins to be solved, such as the geological situation of the Middle Proterozoic
System in the Dornod, Hai-Ajrag districts. '

2. TFeatures of mineralization

In the survey area, various metallogenic provinces with different geological
environments are distributed, such as polymetallic deposit zone mainly consisting of silver,
lead and zine, accompanied by hydrothermal auriferous quartz veins (Dornod district),
greisen type deposit zone mainly consisting of tungsten and molybdenum (Nuhut-Dawaa
distriet), skarn type zine deposit zone with magnetite and garnet (Tuinurtiin-Ovoo district),
fluorite deposit zone (Har-Aivag distriet), carbonalite type rare-earth deposit zone
accompanied by alkaline rocks (Lugiingol district), porphyry copper deposit zone
{T'sagaansuvraga disfrict) polymetallic zone consisting of carbonatite type rare-earth
deposit zones accompanied by alkaline rocks, fluorite deposit , auriferous quartz veins and
porphyry type gold deposit (Ulziit district). '

As a result of this year's survey, at' least it was found and confirmed that the
polymetallic deposit’in the Dornod district was formed since Jurassic-Cretaceous Period,
the sharn deposit in the Tumurtiin-Ovoo district was formed sinee Jurassic Period, the
carbonatite deposit in the Lugiinge district was formed in Triassic Period and porphyry
copper deposit in the T'sagaansuvraga district was formed in Carboniferous Period. Also it
was confirmed that in the Ulziit distriet, there were igneous activities during a long range
from Devonian to Cretaceous Period. These facts, by specifying the periods various kinds of
mineralization, shows the possibility of inspecting or constructing the history of structural
development of this area from the study of mineral deposit, and attracts attention as a
future subject.



3. Structural control of mineralization

Each mineralization of the seven distriets mentmned above found in the survey area
forms a striking metallogenic provinces, and their distribution are localized. To elarify the
reason, it is necessary 1o clarify tne age of mineralization of each district and the nature of
magma of ralated igneous rocks, and to study based on the history of structural
development in this area.

As for structural control of mineralization in each district, as every deposit in the
survey area belongs to epigenetic or similar type deposit, it is considered to be possible fo
locate accurately the mineralized zone by clarifying the relation hetween deposits and @
related igneous rocks, @ fractures possible Lo be passages for ore-forming fluid, @ country
rocks appropriate for mineralization, @ the alteration of country rocks and the
homogenization temperature of fluid inclusions. However, many of these points remain to
be future subjects.

Polentials of the existence of ore deposits

1. . Dernod dlStl ict

The geology of this district is composed of granite 'md voleanie rocks from Jurassic to
Cretaceos Period, accompanied by abundant polymetallic deposils (ar gentlferous lead-zine
deposits) such as Tsav, Ulaan, Muhar. :

Concerning this distriet, various survey works such as geological survey at a scale of
1:200,000, airborne magnetic exploration, geochemical exploration were carried out mostly
by the Soviet Union since 1971, and the deposits mentioned above were confirmed as a
result of such follow up survey works as y-spectra survey, trenching, diamond drilling,
tunnecling, ete., conducted for'the anomalies extracted from those surveys.

On the other hand, these deposils are non magnetic bodies except the skarnized zone of
the Ulaan. Muhar is a blind deposit and T'sav and Ulaan are supposed to be also the blind
deposits which are not eroded so .much. Therefore, large potentiality for non magnetic
polymetallic blind deposits is expected, and it is possible that these I:ype depomts have been

: possxbl y overlooked by the surveys up to the present.

2. Tumurtiin-Ovoo district _

The geology of Tumurtiin-Ovoo district is. eomposed of Devonian, Permian and
Cretaceous Systems and Permian to Jurassic granites intruding Paleozoic, and with the
acidic igneous activities from late Paleozoic to early Mesozoic, high temperature-type
deposits were formed, such as the skarn-type zinc deposits of Tumurtiin-Ovoo, Salhiit, ete.,
greisen type molibdenum deposit of Arin-Nuur, tungsten- quartz vein of Slaa, ete.

All these deposiis are exposed on the surface or shallow seated. Since COMECON
countries usaally conduct airborne magnetic exploration in their early period, magnetic
anomaly suggesting the presence of magnetite type skarn deposits were almost extracted.
In addition, as the skarn deposits are localized to the contact zone between igneous rocks
and limestone or dolomitic sedimentary rocks, it is casy to Hmit the target. Therefore,
there is a litile possibility of remaining of large scale deposifs undiscovered here.

- The largest Tumurtiin-Ovoo deposit has comparatively big scale and higher grades,
and is considered to be worth studying its development, -However, as the xenoblock of
Palaeozoic rocks which contains deposits are small-and limited, little space is remai_ned Tor
exploration around. Other deposits such as Salhiit are generally of low grades and have
weak mineralization.



3. Nuhut-Dawaa district

The geology of Nuhut-Dawaa distriet is composed of Ordovician sandstone, schist and
biolite granite which intruded in Trissaic to Jurassic Period, With these acidic igneous
“activities, greisen type tungsten-molybdenum-beryllium deposits such as Tsentr, Yuguzer,
etc., and many other greisen type tungsten-molybdenum deposits, tungsten-bearing quartz
veins, or pegmatite type beryllim deposits were formed, and form metallogenic province of
a rare metal.

In this district during a long time since 1942 up to early 1980%s, exploration activities
were energeticaliy conducted applying the methods of geochemical exploration,airborne
magnetic exploration, gravity exploration, radioactivity exploration, IP methed, trenching,
drilling, tunnelling ete. As a result, the nature of its mineralization became clear, and even
low grade, small seale mineral showings with poor continuity were surveyed in detail.
Accordingly there is a little possibility of new large scale and high grade deposits to be
discovered at this distriet in the future.

4. Har-Airag district

The geology of Har-Airag districl is composed of various kinds of gneisses, schists,
crystalline limnestone of Proterozoic Bra, rhyolite of Carboniferous Period, granite, granite
pophyry, granodiorite porphyry of Permian Period, basalt, quartz porphyry, aplite, aplitic
granite of Crelaceous Period, ete., and in these rocks many fluorite deposits are formed
such as Bor-Undur, Adag, Har-Airag, Hongor, Hajyuu-Ulaan,ete. The largest deposit is
Bor-Undur which has the ore reserves of more than 20 million tons, and the total amount of
fluorite resources in the Har-Airag district is reported to be 50 million tons.

Tn this district, by COMECON countries' energetic survey works up to the present the
survey for mineralized oulcrops was at least completed, and a large number of mineral
showings were found out. The fluorite resources of this district are considered to be
possibly more abundant, but concerning main showings detailed surveys have already been
conducted, and the discovery of new large-scale deposits can scarcely be expected.

5. Lugiingol district

The geology of Lugiingol district is composed of shale, sandstone of L:ate Permian
Period and Lugiingel alkaline complex of Triassic Period intruding into them. The deposit
is a vein type carbonalite deposit mainly with the light rare earth metals as La, Ce, ete.
accompanied with alkaline complex. '

Concerning the Lugiingol carbonatite deposit, details have hecome clear by the survey
works up to the present. 1t is small scalc low grade and has less possﬂnhty to be developed.
In addition, promising alkaline complex arc not found in the vieinity.

6. Tsagaansuvraga district °

The geology of the Tsagaansuvraga distriet is composed of Middle to Upper Devonian
and Lower Carboniferous Series and Carboniferous to Early Permian granite-syenite
intruded- into ther. Acéompqniecl with' acidic igneous rocks of Carboniferous to Early
Permian Epoch, in the arca of about 300km E-W Xabout 60km N-S, many porphyry type
deposits and showings such as T'sagaansuvraga, Nalinhuduk, Ifarmagtai, Th-Shanhali,
Duchin-Hural and others are distributed, and the district forms a porphyry copper belt
‘which is the second largest one in Mongolia, next to Er denet mine,

Concerning the Serven-Suhait deposit (with the ore reserves of 240 million fons, Cu
0.53% and Mo 0.018%), a main deposit in this district, intensive exploration works has been
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carried out by diamond drilling and tunnels. As a resultl it has beeome obvious that it is low
grade, with poor pyrite and poor sccondary enrichment. The results of check analysis of ore
piles conducted by this survey show their low grades. Very few room is remained for
exploring this deposit. :

.As for the other mineral showings distributed in this district, there are showings of
gold-bearing copper such as Harmagtai, Ovootu-Hira,ete., For these showings, checking
and evaluation are necessary, as well as the survey for alteration zones.

7. Ulznt district

The geology of the Ulziit district is composed of Upper Silurian to Lower Devonian
schist and granite, granite-diorite of Late Carboniferous to Permian Period, syenite-syenite
porphyry, rhyolite and gabbro, etc. of Cretaceous Period, and accompanying with them,
Mushgia-Hudak {REE) Bayan-Hoshoo (Sr), Bayan-Ovoot (fluorite), Olon-Ovoot (Au} and
many gold showings including Dugsih, Onh, Bayan-Bor-Nuruu are formed. Thus, in this
district the igneous activities have occurred repeatedly in various times, with which many
goid showings are formed in the whole area as well as carbenatite, fluorite,and other
deposits. . '

Among these, the Olon-Ovoot gold deposit and many gold showings such as Pugsih,
Onh, Bayan-Bor-Nuruu were discovered by the geclogical surveys at a scale of 1:200,000

_conducted from 1979 to 1982, but have been left without any follow-up surveys up lo the

present. Byithis survey, Olon-Ovoot deposit was confirmed to be mesothermal auriferous

“quartz vein, but from existing information, porphyry type gold deposits around the gr anite

body, hot spring type or epithermal and other different types of gold deposﬂ;s are expecled
along the major tectonic line.

Past surveys and future development

- The survey works which have been carried out in the survey area up to the present have

been conducted by various international geological survey teams with the cooperation of
COMECON countries, led by the Soviet Union, since mid. 1940’s. The methods of those surveys
have a series of the following stages:

@ Geological survey at a scale of 1:500,000

@ Geological survey at a scale of 1:200,000: the area to be surveyed is several ten
thousands square km

® Geological survey: in addition to a photo- geologiéal survey as the main method,

geological survey and samplmg for geochemical exploration, airborne magnetic
exploration and SVSLG]ndtIC geochemical exploration ave jointly used. Usually most of
the deposits and mineral showings are detected at this stage of sur veys.

® Geochemical exploratlon along travel se lines w1th an mtex val of several hundred
metexs the samp}es are collected regula1 ly or randomly, and multicomponent semi-
quantltatwe analysis by means of cmission spectrograph analysis and mineralogical
analysis are conducled.

® Airborne magnetic exploration: airborne magnetic map at a scale of 1:500,000 is
made. ' '



@ Geological survey at a scale of 1:100,000: in addition to a photo-geological survey as a
main method, geological survey and systematic geochemical exploration survey are
jointly used, buf this survey are applied not often.

@ Geological survey ak a scale of 1:50,000: the area to be surveyed is several thousands
square km. It follows the geological survey atb a scale of 1:200,000 and 1:100,000. At
the same time surveys by 7-ray speectrum method, P method, etc. are often applied
together,

G Geological survey at a scale of 1:10,000 : conducted around speeific mineral showings.
The area to be surveyed is less than several hundreds square km. During this stage,
many trenching works and some of diamond drilling works are started.

© Geologlcal survey at a scale of 1:2,000: a map of ore deposit based on trenching, ete.

The characteristic feature is that at the early stage of the survey works, generally airborne
magnetic exploration and a huge number of geochemical exploration are jointly used. Trenching
and pitting arc the most popular exploration methods, and energetic surveys are conducted
including diamond drillings. Therefore it can be considered that in Mongolia at the stage of
completing the geological survey at a scale of 1:200,000, the survey of searching mineral deposits
and showings with magnetic anomalies and outcrops seems fo be almost completed. However, the
exploration for non magnctic blind deposits remains to be a subject of future survey.

In Mongblian People’s Republic, some mines such as the Erdenet mine (copper), the Bor-
Undur mine (fluorite) ete. have already been developed by these surveys, and there exist some
deposits which have not yet been developed but have been explored to the later stages.

As for the mineral exploration of this Project in Mongolian People’s Republic, it seems to be
necessary to collect the further information of past surveys and geology of the survey areas in the
future, considering those circumstances mentioned above, and at the same time, it may be
necessary to consider the methods of the surveys which will be more adequate to the survey stage
and to the features of geology and deposit of each district.

The surveys necessary in the future in Uudam-Tal area ave considered to be two types: the
survey following and cxceeding the past survey works and the supplemental survey for their
incomplete parts.






Cha.pter5 Comments
5-1  Proposed survey exceeding the results of past survey

The survey works following and exceeding the resulls of past surveys are to develop ore
deposils which seem to have brighter prospects in the future among the past surveys taken up as
promising and explored to the later stage. ‘The deposits to be surveyed are Tsav, Ulaan,
Tumurtiin-Ovoo, ete. As for the polymetallic depesits of Tsav, Ulaan, ete. in the Dornod district, it
seems to be the best plan to transfer technology at first through the survey and development of the
Tsav deposit which has a higher grades and a reasonable scale of deposit, and then to start the
survey of other deposits. As for the Tumurtiin-Ovoo deposit, Mongolia decided to develop it by
itsell and started to strip the overburden, but it scems necessary to support Mongelia in a
mineralogical study with a perspective of refining process in the future.

5-2  Proposed survey supplementing the imperfect parts of past survey

The examples of surveys supplementing the imperfect parts of past surveys are @ an
exploration of blind polymetallic deposits in the Dornod area, @ an evaluation survey of gold
showings in the Ulziit district, @a structural analysis survey by remote sensing analysis and
gravily exploration in the T'sgaansuvraga and Ulziit districts.

The exploration of blind polymetallic deposits in the Dornod area is the exploration of non
magnetic polymetallic deposits in voleanic rocks areas. _

It is pointed ouk by surveys and studies that the epithermal deposits in voleanic rocks areas
are often accompanied with the center of volcanic activities or caldera structures. (for example,
Kubota, 1991). Voleanoes of old geological time related to the exploration of epithermal vein type
deposits do not retain their original shapes in most cases because of burying, erosion or
deformation, but the center of these veleanic activity and caldera structures can sometimes be
delecled clearly by gravity exploration over a wide area (Fig.l-5-1, Fig. 1-5-2). Therefore in
Dornod dislrict, it is considered Lo be worth of conducling works over wide areas including Tsav
and Ulaan deposits as models in the beginning stage of exploration.

The surveys of the gold deposils at the Ulziit district are divided into (D the survey of the
Olon-Ovoot deposit, @ evaluation survey of known mineral showings and @ a structure survey
to obiain new deposits.

Concerning the Oln-Ovoot deposit, it is necessary to make the vein map and assay map asa
basis of development and evalualion, for which detailed geochemical exploration should be
conducted, and there will be a possibility of confirming the extension of mineralized zones towards
horizontal and vertical directions by CSAMT method or IP method aiming at the hally of
disseminated pyrite zone around auriferous gquartz veins.

In the Ulziit district, igneous activities occurred repeatedly from Devonian to Cretaceous,
then different types of gold deposits might have been overlapped. As the location and the outling
of many gold showings in the Ulziit district have already become clear, focussing on these
indications, it is necessary to conduct a series of surveys consisting of ore analysis, vein mapping,
alteration zone survey, measurement of homogenization temperature of fluid inclusion,
mineralogical study, ete., to clarily the mineralization type of each showing, and at the same time
to evaluale the possibility of the finding of deposits. There is also a major tectonic line passing
through this district, and it may be important as the place of ore formation. Therefore, it is also
an important lask at the carly stage of exploration to infer the location of the tectonie line covered
with detritus by remote sensing and geophysical exploration over a wide area.



5-3  Application of remote sensing

As a rvesult of this year's survey, analysis and interpretation were difficult in the Dornod
district because of dense vegetation, but the major structure was interpreted in the Gobi area with
aparse vegetation; : : : : .

On the other hand, concerning the extraction of altered zones, by reasons that

@ most of argillization zone of porphyry copper type deposits and showings were
-eroded out, and

@ many deposits in the survey area, such as carbonatite, vein type polymetallic
- deposits, pipe-shaped or stockworl polymetallic deposits, ete..are not accompanied
Iy large scale alteration zones, - :

it was difficull to find out hydrothermal alteration '_zor_les on the satellite image. However,
in the Gobi area, bedding, faults, intrusive bodies such as alkaling complex, ete. were clearly
recognized. Therelore it is considered to be effective to conduck remote sensing method together
with geological survey for the confirmation of rock facies and airphoto interpretation in order to
understand the geological structure. : : :
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Chapter 6 Conclusion and Recommendations
Conclusion

Based on this year's results, the each district was evaluated from the viewpoint of the

possibilily of future development of the known deposits (Table IV-1-1).

As a resull, the following districts can be considered to be promising among the district in

Uundam-Tal area:

1. Dornod distriet: vein type polymetallic deposits in Tsav, stockwork skarn deposit in
Ulaan

2. Tumurtiin-Ovoo distriet: Tumurtiin-Ovoo zine deposit
3. Ulziit district: Olen-Ovoot gold deposit and showings around {he d'eposit.

Next, the each-district was evaluated from the viewpoint of the possibility of {inding new

deposits in future. As aresult, the following districts were selected:

6-2

1. Deornoddistrict: all the polymetallic deposits in the Dornod district are considered to be
blind deposits. It is also possible that the whole area can be a zone of blind polymetallic
deposit as the area is widely covered with voleanic rocks of Jurassic to Cretaceous Period.

2. Ulziit district-I'sagaansuvraga district: it is known that in the Ulziit disbrict-west
Tsagaansuvraga district, a number of gold-silver showings are distributed. It is assumed
from the records and this survey resuit that there are several types of gold mineralization,
such as mesothermal gold deposits and porphyry type deposits.

Recommendations for the second year's survey

‘1. K was found that, in Mongolia, there are enormous data concerning the surveys

conducted in the past. Inorder lo carry oul the survey more smoothly and effectively in this
counlry, it is necessary to collect further the information concerning the past surveys and
the geology of the future survey area, and based on them, to consider the way of
development work according to the survey stage, geological conditions and the features of
deposits at each district.

2. As for the Uudam-Tal area's survey, it is desirable to promote the surveys of Olon-
Ovool gold deposit aiming the early development of profitable mines, and at the same time,
to conduct survey to evaluate a large number of gold showings distributed in the area of
about 300km E-WXabout 60km N-S from the Ulziit district to the Tsagaansuvraga
district. The applicable methods are

a) to prepare basic maps such as vein maps, assay maps on the surface of the Glon-
Ovoot deposit,and at the same time to confirm horizontal and vertical extension and the
structure of veins by geophysical exploration method,

b) to conduct a series of surveys of ore analysis, vein mapping, alteration zone
survey, the homogenization temperature measurement of fluid inclusion,
mineralogical study, ete. and te evaluate the possibility of finding of mineral deposits,



¢) to assume the teetonic line covered with detritus by satellite image analysis and
gravity survey, and then to exbract the promising area , :

d) to determine the mineralization age of the deposits as igneous activities in this
aren oceur repeatedly from Devenian to Cretaceous Period and there is a possibility of
overlapped gold mineralization, and

¢) to conduct remote sensing analysis including geological survey in order to
correlate with the results of photo-geological interpretation and extraction of alteration
zones by satellite image analysis.

3. On the other hand, in the Dorned district, there is a possibility of existence of blind
polymetallic deposits in the area covered widely with voleanic roeks of Jurassic to
Cretaceous Period, so regional gravity survey should be conducted.

4. Aslor the deposits at an advanced stage of e‘iploration, among those extracted to be
surveyed in the future, such as the polymetallic deposits of Tsav, Ulaan, etc and the
Tumurtiin-Ovoo zine deposit, it is desirable to conduct the advanced sarveys (basic surveys
for development). Specifically, it seems to be the best plan to transfer technology at first
through- the survey and developmen{ of the Tsav deposit which has a high grade, a
reasonable scale and lower risk, and then to start the survey of other deposits.
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Chapter1 Main Deposits

This chapter details the major deposits and the mineral indication areas in the survey area,
based on material provided by the Mongolian People’s Republic and a local geological survey. The
+ mark indicates the deposit to which the local surveys were conducted.

1-1  Dornod districl, _ : _

The Dornod district is located at the northeastern end of Mongolia. In administrative
district terms, it is an about 33,000km2-area in the northern part of the Dornod Aimag. This
distriet has a relatively good infrastructure, with a railway (narrow gauge) which connects the
Siberian Railway and Choibalsan, the capital of the Aimag, through the center of the region. It
also has a branch line running off this north-south line in an east-west direction from Chingis-
Khaan to Mardai. The 48-passenger Antonov airplane departs twicc a day from Ulaanbaatar to
Choibalsan city, the southernmost part of the district. The flight takes about one and half hours
one way.

The major climate index of the Dorned district is as follows: .
Amount of solar radiation; Annual solar radiation is 4, oUOMJIm2~4 800MJ/m2

The annual average temperature; 0. 3°C~ — 1.5°C.
Monthly average temperature*; the highest month is July with 20, 6°C the lowest
month is Janvary with —~21.3°C
~ Temperature range is between --46.7°C and 40.1°C*.

Pr ec1p1tat10n* annual pr empltatlon 246mm
Monthly average precipitation; maximum month is J uly w1th T5.1mm, and minimum
month is January with 1.9mm.

Relative humidity; monthly average: January 70~80%, April 356~40%, July 48~55%,
October 47~50%.

Wind velocity®; monthly average; January 3.8m/sec., Ap;‘il 5.4m/see., July 3.5m/sec.,
October 4.0my/sec. _
(Notice) *: * indicates the Choibalsan city’s results.

The elevation of the district is 560m~1,300m, the lowest in Mongolia. Most parts of this
district are made up of gentle, hilly areas 700~900m above sea level: As this Idistrict has an
adeguate precipitation in summer, it has relatively thick steppe. The average temperature of this
district is — 21~ —23°C in January, and 19~21°C in July, and the annual average temperature is
about —2°C. As for Choibalsan, the highest record of temperature is 40.1°C and the lowest is —
46.7C. _

In this district, gneiss and schist, formed during Proterozoic and Palaeozoic eras and
various ignenusi rocks, formed dlnihg Jurassic to Cretaceous periods are widely distributed.
Hydrothermal polymetallic deposﬂ:s (Tsav, Ulaan, Muhar, Bayan-Uul, Salhiit, Delger-Munh
deposils etc.}, auriferous quartz vein (1'sagaan- -Chuluut Huduk), and uranium deposit (Mardai)
were forimed in relation to the intermediate~acidic igneous activity in the Mesozoic era (Fig. II-1-
1. :



1-1-1 Tsav deposit# (Fig. 1{-1-2)

1. Location and transportation

Lotation : Longitude 115°20°16” Bast, Latitude 48°55'27” North, Elevation 770m above
sea level. In administeative division terims, the deposit is located in the Cheibalsan Sum in
the Dornod Aimag.

The railway (narrow gauge) that connects the Siberian Raﬂway and the capital of the
Aimag, Choibalsan runs 1.5km west of the depesit. There is a road lor trucks (gravel road)
from the deposit to the Tlavirga station about 16km southwesl from the deposit. 1t is about
125 km from Choibalsan te the Tsav deposit, about three and a half hours by car via the dirt
road, which runs along the above-mentioned railway through the steppe.

2. Topography

The lowest point around the deposit is the swampy area (689m), about 10k south of
the deposit, while the highest is al Khuf Tolgoi hill (846.3m), about 5km east southeast of
the deposit. This district is, a hilly zone which consists of buried valleys and small hills,
100m~150m higher than the valleys. As the valleys have no running water, automobiles
can drive almost anywhere.

3. Climate

The major climate index around the Tsav deposﬂ: is as follows: "Annual solar radiation
is 4,700Md/m2, annual average temperature is 0.6°C, and annual precipitation is 246mm.
This area belongs to the steppe climatic zone. Because the elevation of the deposil area is
the lowest of the area, the climate of this area is relatively mild despite its high latitude,
with about 120 frostless days annually. As this area has sufficient precipitation in
summer, it is covered with a comparatively thick steppe with a height.of 50~70cm.

4, Geology and deposit
(1) Mineralization

This deposit contains silver, lead, and zinc with a small amount of copper.

1% oceurs as gquarkz vein with miscellaneous minerals.

Ore minerals are mainly of galena and sphalerite with a small amonnt of
chalcopyrite, tetrahedrite and marcasite. Minor minerals are argentiferous
tetrahedrite, miscelleneous silver ore, pyrargyrite, etc. Secondary minerals are

_cerussite, anglesite, smithsonite, covelline, efc. ‘The gangue minerals consist of quartz,
caleite, fluorite, rhodochrosite, clay minerals and other related minerals.
(2) Type of deposit '
Vein type.
(3) Orereserves and grades; (calculated in 1987)

Classification* Ore reserves Pb{%) Zn (%) Aglg/t)

Cy 3,894,000t 6.96 589  304.09 (average width of vein 1.06m)
Py 3,786,000t 5.84 340  138.46 (average width of vein 1.11m)
Cy+Py 7,680,000t 6.41 4.66 222.46 (average width of vein 1.08m)

*(Notice) Accuracy classification of ore reserves after the Soviet-type category. A, B, Cy,
Cg, Py, Py is the order from the highest accuracy to the lowest. Corresponding to the Japanese
standard, A to proved ore reserves, C to possible ore reserves, and P to prospective ore reserves,
respectively.



(4) Size of deposit

About 10 veins are present in 2km X 3.5km area. The length of the No.4 vein is
2,500m, and the No. 3 vein, 3,500m, which is the longest. The width of the veins varies
from 0.2m to 3.0m and the average width of the vein is 1.08m. The major veins are the
No. 4, No. 8, No.2 and No.1 vein, The No, 4 vein sccupies 60% of the lotal ore reserves
and it is the most dominant at 200m to 300m below the surface.

(5 Structure of the deposit

Strike: N-8in the northern part but it gradualliy changes to N25'W ~NG5'W in
the southern part.

" Dip: 55°~85'F: the dip decreases loward the west.
{6) Countryrock -

Gneiss and schist formed during Proterozoic and Paleozmc eras and granite,
gr anodlorlte glanlte por phyl y, andesite, and basalt ete. formed duri ing Jurassic and
Cretaceous periods. :

.. 'The results of the potassium-argoen dating are as follows: schistose granite {(whole
1ock) 163+8Ma Ditto (biotite): 161+8Ma monzodiorite (hornblende): 156 + 8Ma,
granite porphyry {whole rock): 140+ 7Ma. There was only a little difference belween
these results and the estimated values by the Mongolian side.

{7} Structual control

This deposit is in the “Havirga complex”, an upheaval block enclosed by two fault
systems, B-W~NB0°W system and N10°E~N-S system. It is assumed that the strike of
the pre-mineralization fissure: N-S~N55W, and the strike of post-mineralization
fissure: N40O'W, NT0'W, or E-W, ete. The amount of dislocation is not estlm'lted
(8) Related igneous rocks

This deposit is considered to be relaied to the Late Jurassic “Havirga complex”

" which consists of granite porphyry, granodiorite, monzonite and so on. Ages of the ore

minerals by Pb-Pb method are 109.3 Ma, 116.1 Ma, 131.0 Ma and so on, suggesting the
Early to Middle Cretaceous mineralization.
(9) Alteration

The wall rock is slightly white-argillized along the vein. Country rocks of the
deposit suffered widely a propylitic alteration, mainly chloritization.

Walter supply
Water is available from the marshes situated about 5km northwest and southwest of

the deposit where the groundwater level is shallow.

8.

Hydrelogy
'I'he amount of water flowing out from the tunnel is 15m3 (at J uly 1991). Groundwater

level is nearly the same as tunnel level, 160m below the ground surface,

7.

Discovery and history

1975 The USSR discovered the outerop of the No.2 vein, by a geological survey
at a scale of 1:200,000 and a y-ray spectrum survey at a scale of 1:25,000.

1981 The USSR conducted a detailed geological survey at a scale of 1:50,000

and 1:25,000, geochefnical exp]brﬁtion (100m X 25m in_terval), geophysical



exploration (IP method: 4.5km, electromagnetic exploration to a depth of
125m deep, length of traverseline 35km). Trenching was also carried out.

1982 The USSR conducted gravimetric exploration and eleetric exploration as
well as drilling.
1983 The DORNOD ‘exploration office in Mongolia began to conduct survey
works (By the cooperation of Mongolia and USSR).
1985 The DORNOD Ve:-:plomtion office conducted geological surveys and
geochemical exploration at a scale of 1:10,000 (By the coeperation of
Mongolia and USSR).
1985~86  The DORNOD cxploration office carried out tr enching and dr itling works
(By the cooperation of Mongolia and USSR).
1988 - No.14 vertical shaft sinking (By the cooperafion of Mongolia and USSR).
- 1986~89  The DORNQOD exploration office conducted a detailed survey, and drew up
a report (By the cooperation of Mongolia and USSR).
1990 No:.15 vertical shaf " blnkmg (By the cooperation of Mongoelia and USSR).
Past exj;loration_v.vbrks Tolaluntii 18987 To ta] du: ing 1988~91 Cumu]atwe total
Trenching 10,494 9m3 approx. 10, 000m3 approx. 20,600:113
_ _ at 320 polnts -
Drilling _ 136holes 25,757.6m 314 holes 14,500m 450holes 40,257.6m
Analysis sample boring 3,879pes Until 1991, total 12,000 pes of samples will be
analyzed.
trenching 1,992pcs

rock samples for

geochemical exploration

trenching

T,217Tpes

1,992pes

soil samples for
geochemical exploration

14,152pes

The cumulative total cost of the exploration up to 1987 was 14,373,177 Tugriks.

g. Mmmg operation
(1) Owner of enterprise: MONGOLIAN PEOPLE’S REPUBLIC DORNOD Company
(2 E mployees
60 Russian contr act-!,echmcmm, (30 employees X2 shifts). All the jobs related to
the underground work are conducted by Russians, The Mongolians conducted borings
using 3 machines from the surface.
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{3) Secale of production

Exploration has not been conducted yet.
(4) Mining method :

The No.4 and No.8 veins have been explored by drift using leg-driil at EL 4 628m.
Vertical shaflt ¢ = 4.8m (cross section area=20m?2),
(5) Transportation method '

Wasted rock is carried from the tunncl, by means of a 1m3-mine-car and a hoist
with 2.53m3 bucket.
{6) Others .

Electricily Diesel genelatm 35Dkw><3

Hoist motor 70kw (hoisling ability 2.5t)

Compressor 8 atm., 25m3 X3 :

Support Main adits are coated by concrete. Drifts are supported by wooden-frames.

1-1-2 Ulaan deposil % (Fig. 1I-1-3, Fig. 11-1-4)

1. Locatlon and transpor I;atmn _

Location: Longitude 114°05'12” Dast Latltude 49° 05 12” North, Elevatwn 1,159m
above sea level. In administrative division ter ms, the deposif is located at Dashbalbar Sum
in Dornod Aimag.

The railway (narrow gauge) that connects the %berlan Railway and the capital of the
Aimag, Choibalsan runs about 90km east of the deposit. From this line, there is a branch
line that runs to Mavdai, that is about 11km east of the deposit.

The Ulaan Mine is about 230km from Choibalsan city via Havlruga, traveling by car on
a dirt road.

2. ‘Topogr aphy

The elevation of major rivers around the deposit are from 800m to 850m above sea
level. The maximum elevation is Mt. Khugnu's (1,131.7m), about 1.9km east-south-east of
the deposit. Topogr ap}ucally, it is of a hilly zone which is made up of buried valleys and
smail hills, 150m~200m higher than the valleys. Four-wheel drive automobiles can travel
almost anywhere. The valleys around the deposit arc relatively abundant in water. A
fault-line scarp has formed at the north side of the deposit, therefore the topography around
the deposit is relatively steep.

3. Climate

The major climate index around the Ulaan deposit is as {follows: Annual solar radiation
is 4,700MJ/M2, annual average temperature —1°C, and annual preecipitation is 246mm.
This area belongs te the steppe climatic zone.

Because the clevation around the deposit is the lowest in MPR, the climate is relatively
mild for its high latitude, about 120 [rostless days annually. As this area has sufficient
preeipitation in summer, a relatively thick steppe, 50~78cm in length is formed.

4, Geolopy and deposit
(1) Mineralization
The minerals of this deposit are of sﬂvel lead and zinc with small amounts of
copper. The ore is classified into three types of mineral assemblage. 1. quartz-fluorite-
sulfide. 2. quartz-cpidote-sulfide. 3. epidote-actinolite-sulfide. Sphalerite is the most
dominant mineral with a small amount of pyrrhotite and pyrite. A small amount of
calcite, chalcopyrite, arsenopyrite and covellite are observed under the microscope.



(2) Type of deposit
Stockwork type ore that fills breceia pipe. Skarnization is recognized at a depth.
(3) Orc reserves and grades; (ore reserves were calculated in 1987)
Classification* Orereserves  Pb(%)  Zn(%) - Aglg/t)
B+Cy--Co 68,100,000t 0.95 180 49
Py 25,000,000% ? ? ?
. Total ' 93,100,000t
(4) Size of deposit .

The area of this deposit is 425m X 200m. This deposit is composed of nine ore bodies
within a vertical breeia pipe. The average width of the ore bodies is 10m~50m with the
maximum width of 70m and 80m. The elevation of the outerop is EL 1,100m, and it has
been confirmed by boring that mineralization is continuous more than 1,200m below

_ the surface. - '
(5) Structure of the deposit . _ _

This deposit is breccia pipe type emplaced-in rhyolite. The ore grade gradually
increases toward the periferal zone of the pipe, and it is a so-called chimney type. The
bouhd_ary between the pipe and host rocks is clear. The dip of edch ore body is very
steep, being 85°~90°, alon'g the outer wall of the pipe.

(6) Country rock -

Jurassic fo Cretaceous rhyolites are exposed around the deposit..
(7) Structural control

" Ulaan depomt is located between the Muhar fault and the East Muhar fault, both of
which are trending in N3 0°W~N33°_W and 500m apart. The ore deposit is cut by the
‘Muhr fault on its southwest side and runs partly along the Muhar fault.

{8) Related igneous rocks

Not obvious. The age of the ore measured by the Pb-Pb method is 170.1Ma,

indicating Middle Jurassic.

(9) Alteration _ _

" Alteration minerals such as epidote and actinolite formed in association with
skarnization are found in the ore excavated from the tunnel. The country rock (felsite)
is widely fe]dspathizated by potassium feldspar.

5. Water supply
The small valley near the deposit has an abundant amount of water.

6. Hydrology
The underground water-table is 90m~50m below the surface. The spring line i is about

950m above sea level.
7. Discovery and history
1971 - The USSR began expioration with an air-borne magnetic survey.

1973 The USSR discovered the deposit by the magnetic anomaly, After the
discovery, it has continuously excavated by trenching and boring.

1979 USSR conducted the supplementary exploration.

1984~1986 USSR conducted the detailed survey.
tunnel 2 levels ) 1,400m
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horing 250 holes about 11,000m
longest hole 1,200m

8. Mining operation
MNone, Work ceased after the above-mentioned exploration had been completed. All the
equipment has been removed.

9. Others
(1) Size of adit: 2.5m¥2.5m. A considerable part of the adit is excavated without
support. _
(2) The results of the ore dressing test conducted by USSK are as follows:
Ph{%) Zn(%) S(%)
Grade of concentrates 60 40 66
Recovery percentage 859  86.2

1-1-3 Mubhar deposit (Fig. 11-1-3, Fig. I1-1-5)

1. Localion

About 1.2km southeast of the Ulaan deposit. The deposit is located at the east side of
East Muhar fault. Geologically, it is a part of the Ulaan deposit. In administrative division
terms, it is located in the Dashbalbar Sum in the Dornod Aimag.

The railway (narrow gauge) that connects the Siberian Railway and the capital of the
Aimag, Choibalsan runs about 90km east of the deposit. From this line, a branch line runs
to Mardai, about 11km east of the deposit. There is a dirt road from Havirga to the Muhar
deposit. 1t is about 230km from Choibalsan city to Ulaan Mine, taking ahout six and half
hours by car via a dirt road.

2. Topography

‘Phe elevation of the major rivers ar ound the deposits varies fl om 800m to 850m. M.
Khugnu is the highest point being 1,131.7m above sea level, about 700m south of the
deposit, Topographically, it is a hilly zone which consists of buried valleys and small hills,
150m~250m higher than the valleys. Four-wheel drive automobiles can fravel almost
anywhere. The valleys around the deposit are relatively abundant in water. A fault-line
scarp has formed at the north side of the deposit, therefore the slope around the deposit is
relatively steep.

3. Climate
- Same as Ulaan deposit

4. Geology and deposit
(1) Mineralization :
The .deposit consists of silver, lead, and zinc. . Geologically,it is assumed to be
similar to the Ulaan deposit.
(2) Type of deposit
Stockwork type ore deposit that fills breccia pipe
{3) Ore reserves and grades: {caleulated in 1987)
Clagsification® Ore reserves  Pb (%) 7n (%)} Aglgft)
Cq+P1+P2 25,500,000t 0.63 3.40 113
(Cq: 9,800,000t, Py: 3,700,000t, P3:12,000,0000)



o

(4) Size of deposit

The cross-section is 300m B-W X 200m N-S 'xt, BLA4 700 level. This deposit is blind
breceia pipe, plunging southwest with 75°~80°dip. The surface elevation of the deposit
is about 1,030m to 1,100m. This deposit is recognized by boring from approx. 200m
below the surface (KLG0O0m) to 400m or more below the surface.
(5) Structure of deposit

This deposit is assumed from the results of 15 borings to be made up of several ore
bodies, which are parallel to the bl eccia pipe.
(6) Country rock -

In the district the Jurassic to Cretaceous “felsite” (acidic volcanics) is widely
exposed.
{7} Structural control

The deposit is located in the block ecast of the Bast Muhar fault with strike of
N30"W-~N33°W.
{8) Related igneous rocks

Not obvious.
(%) Alteration

Not obvious.

' Wéﬁer supply: The small valley near the deposit has an abundant amount of water.

6. Hydrology _ _
The undergtound watel -head is 20m~50m below surface. The spring line is about

850m above sea level.

7. Diséovery and history
1971: The USSR began exploration with an air-borne magnetic survey. After that, it is
not clear except that it was explored at the same time as the Ulaan deposit. More than 15

~ drillings were applied with the maximum length being 800m.

8. Mining operation
None. Work ceased after the above-mentioned explor atlon had been completed. All the
eqmpment has been removed from the site.

Bayan-Uul deposit %

1. Location and transportation

Location: Longitude 115°41'16” East, Latitude 48°54'11” Noeth, Elevation 920m above
sea level. In administrative division terms, the deposit is located at the Choibalsan Sum in
the Dornod Aimag, '

The railway (narrow gauge) that connects the Siberian Railway and the capital of the
Aimag, Choibalsan runs 37km west of the deposit. As for the 150km distance between
Choibalsan and the Bayan-Uul deposit, there is a dirt road available. It takes about four
hours by car through the steppe. : :

2. Topography

The major rivers around the deposiis are 800m~820m above sea level. The unnamed
mountain is the highest point being 932.6m above sea level and is located in the central
part of the mining area. A small number of marshes are seen in the valleys. However,
four-wheel drive automobiles can travel almost anywhere,
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3. Climale

Same as Tsav deposit,

Geology and deposil
(1) Mineralizalion
The deposit contains of silver, lead, and zinc. Tt occurs as a quartz vein with
miscellancous minerals. The ore consists of sphalerite, chalcopyrite, pyrargyrite,
stibnite, bismuthinile, electrum, cte. The gangue consists of quartz and clay minerals.
{2) Type of deposit
Vein type
(3) Ore reserves and grades; (ore reserves were calculated in 1987, Py + Pg)
Classification* Orereserves  Pb-+Zn (%) Cu(%) Aglg/t) Aulg/t) Mo(%)
Ore body I 30,465,000t 1.0 0.10 0.0 0.3 0.03
Orvebody IT  30,645,0004 2.0 0.13 800 0.3  0.03

(4) Size ol deposit

This deposit consists of a large stockwork silicified zone and quartz veins. The
length of the stockwork of silicified zone is 5,700m, and the width is about 60m. In this
zone, there is a quartz vein whose total length is 1,700m with a width of 5m, while
another one whose length is 1,700m has a width of 13m. The mincralization of these
quartz veins were conflirmed by boring to a depth of 300m below the surface.
(5) Structure of deposit

Strike: N45°W, Dip: 80°NE
(6) Country rock ‘

It consists of the latest Paleozoie granite, the Mesozoic diorile and others,
(7 Structural control _

This deposit is formed along the Bayan-Uul fault (N45°W system) and its derived
fissures. ' '
(8) Related igneous rocks

Not obvious.
(9 Alteration

Silicification, pyritization

Water supply
A small number of swamps are seen near the valley. Il is assumed that the

groundwater level around the deposit is shallow.

6.

{1ydrology
Not obvious.

Discovery and history

1975 The USSR conducted a geological survey at a scale of 1:200,000, and this
deposit was discovered logether with the Tsav deposit at the same time.
After the discovery, geophysical and gecchemical explorations were
condtuicted on this deposil as well as the Tsav deposit.

1984~1986 Detailed surveys by boring and trenching were conducted mostly by
Mongolian.



1988~1991  Geochemical and geophysical explorations were conducted by the
cooperation of Mongolia and USSR. AL present, the report on these
surveys is being drawn up.

Past exploration works: boring 15,000m~20,000m

8. Mining operalion
None.

9. Others.
In the 1991 report, it was suggested that a detailed survey should be conducted.

1-1-5 Salhiit depositk

1. Location and transportation

Location: Longitude 115°41'01” Bast, Latitude 48'57°37” North, Elevalion 732m above
sea level. In administrative division terms, the depesit is located in the Choibalsan Sum in
Dornod Aimag.

The railway (narrow gauge) that connects the Siberian Railway and Lhe capital of the
Aimag, Choibalsan runs 28km west of the deposit. Ifrom the scaled road thai, is paraliel {o
the railway there is a dirt road running to the deposit. It is about 130km frora Choibalsan
cily to Salhiit deposit, about 4-hour drive by car through the steppe.

2. Topography

Topographycally, this deposit area is a hilly zone which is made up of buried valleys
and small hills, about 100m higher than the valleys. The highest point of the deposit
(939.61m) is situated at a nameless hill about 3 km southeast of the Salhiit depesit, and the
lowest at a valley located on the north of the deposit {840m). A small number of swamps
are scen in the valleys. However, four-wheel drive automobiles can travel almest

anywhere,

3. Climate
Same as Tsav deposit

4. Geology and deposit
(1) Mineralization
The ore of this deposit containg silver, lead, and zinc. It occures as calcite-quartz
vein with galena, sphaleriie and chaleopyrite.
(2} Type of deposit
Vein type
(3) Orereserves and grades
"They have not been thoroughly caleulated yel. Silver content of the vein is 15g/t at
the outerop.
(4) Size of deposit
The width of the vein: Im {(boring), 3~4m (trenching, stockwork vein zone)
(5} Struciure of deposit
Strike: N35°~40°W, Dip: 80°NE
(8) Couniry rock
It consisls of the Precambrian to Cambrian schisl, the Carboniferous to Permian
granodiorite and diorite, and the Jurassic andesite and granite.



(7} Structural control

This deposil oceurs along the fissure with strike of NW-SI.
(8) Related igneous rocks

The Jurassic granite.
(9) Alteration

Silicification

Waler supply
Not obvious.

o

6. Hydrology
Swamps are seen in the valley. It is assumed that the groundwater level is shallow.

7. Discovery and history
1988  This deposit was discovered when a geological survey at a scale of 1:50,000
was cenducted,

1989 Trenching and boring were conducted.
Pasl exploration works:
trenching 30 places (Mongolia, the USSR) ,
boring 20 holes (the USSR} ILisreported that only 1 or 2 holes hit the ore vein.

Geophysical and geochemical explorations (Mongelia)
The resulls were not satisfactory, therefore the survey was stopped.

8. Mining operation
None.

1-1-6 Belger-Munh mineral ore showing %

1. Location and transportation

Location: Longitude 114'48'21” East, Latitude 48°'46’58” North, Elevation 917m above
sea level. In administrative division terms, the deposit is locaied at the Gurvanzagal Sum
in Dorned Aimag.

The railway (narrow gauge} that connects the Siberian Railway and the capital of the
Aimag, Choibalsan runs 20km ecast of the deposit. From the sealed road that is parallel to
the railway there is a dirt road running to the deposii. It is about 90km from Choibalsan
city to the Salhiit deposit, about 3-hour car drive through the steppe.

2. Topography

The elevation is lowest at the swamp (738m) which is located abouf Gkm northwest of
this mineral indication area, and highest at Mt. Delger-Munh (267.3m), about 3km
southeast of the area. Topograhically, it is a hilly zone which is made up of buried valleys
and small hills that are 100m~200m higher than the valleys. A small number of swamps
are seen in the valleys. However, four-wheel drive automobiles can travel almost
anywhere,

3. Climate
Samne as Tsav deposit



4. Geology and deposit
(1} Mineralizalion
The ore of this deposit cont’uns sﬂvel lead, and zinc (7). It occures as a quarts vein
with palena. In addition, arsenopyrite and pyrites are seen. A little amount of
cerussite and anglesite are seen as secondary minerals,
(2) Type of deposit
Not obvious. (Vent-filling pipe-shaped deposit at the center and vein l,ype deposits
at srroundings ave expected,)
(3) Ore reserves and grades
They have not been calculated yet, as the exploration was not sufficient.
(4) Size of deposit
Not obvious.
(5) Structure of dep051t
Not ohvious.
(6) Country rock
Andesite, shale, sandstone, and conglomerate (unknown age)
(7} Struetural control
Not obvious.
(8) Related igneous rocks
Nol obvious.
(9) Alteration
Silicification, epidotization, argiilization, ete.

5. Water supply
Swainps are seen near the valley. If is assumed that the groundwater level around the
deposit is shallow. '

6. Hydrology
Not obvious.

7. Discevery and hiskory
1987 The USSR discovered this miner al indicaiion area and conducted a detailed
survey.

1989 Geophy51cal exploration was conducted. 1P anomaly was 15%, being higher
than that of Ulaan (12%).

1991 Mongolia commenced gedlogiéal survey at a scale of 1:50,000, drawing up a
exploration map on a scale of 1:10,000, and boring. The depth of the boring
hole was 492m as of July 22nd, 1991,

8. Mining operation
None. '

1-1-7 Tsagaan-Chuluut Huduk depositdk

1. Location and transportation

Location: Longitude 113°25°00” East, Latitude 49°28'00” North, Elevation 860m above
sea level. In administrative division terms, the deposit is located at the Bayandun Sum in
the Dornod Aimag. .

The branch line of the railway (narrow gauge) that connects the Siberian Railway and



the Choibalsan city runs to Mardai, 60km southeast of the deposit, From the scaled road
that is parallel to the branch line there is a dirt road running to the deposit.” It is about
270km from Choibalsan city to the Tsagaan-Chuluut Huduk deposﬂ; ahout 7-hour journey
by car thr ough the steppe via Mardai.

2. 'I‘opog1 aphy

This deposit area consists of flat land, 790m~ 900m above sea level along the Ulz River
and mountains, about 300m higher than that. The Tsagaan-Chuluut Huduk deposit is
located at the southern foot of the mountains near the left side of the Ulz River. The
highest part of this area is at Mi. Hanan (1,131.7m), about 8 km north-north-west of the
deposit, while the lowest is the arca alongside the Ulz River (790m~800m). Major rivers
" have abundant running water, and the valleys have well-developed swamps. The
moeuntains are relatively steep, therefore the area a car can travel is limited.

3. Climate _

The major climaté index around the Tsagaan-Chuluut Huduk deposit is as follows: The
Annual solar radiation is 4,600Md/in2, annual average 'tempei‘ﬁture is —1°C, and annual
precipitation is 246mm. This area belongs to the steppe climatic zone, As this area has
sulficient precipitation in summer there is a relatively thick steppe, 50~70cm in length.

4. Geology and deposit
' {n Mznel ahzatmn
"The ore of this deposﬂ; consists of placel gcld in the valley and stockwork quartz
veins containing visible gold on the back mountains. Vein quartz is highly oxidized
and leached. Native gold occurs as electrum with shape of hair, indefinate,
quadulatel al, cle. As seconda1y rmnelals limonite (gocthite) is [‘ound
(2) Type ofdep031t
Alluvial gold deposit (placer gold)
(3) Orereserves and grades
Iirst layer ~ approx. 450,000~650,000m3, Au 0.6 g/m3
Second layer approx. 2,000,000m3, Au 1.8g/m3
The total amount of gold is estimated to be about 4t.

{4) Size of deposit _ _
First layer 1~1.5mX 50m X 9,000m (approx. 1,800,000m3)
Second layer 2m ¥ 100m X over 10km (approx. 2,000,000m3)
(5) Structure of deposit
Quartz vein: Sirike: N35°~40°W, Dip: 80°NE

Alluvial gold deposit: _
First layer approx. 1m below the surface " flat
Second layer approx. 17m below the surface flat

(6) Country rock _

Alluvial sediments. Auriferous stockwork quartz vein is emplaced in the
Proterozoie gabbro and granodiorite and the Triassic to J urassic granite.
(7) Str uchuml control

This deposit occurs in the alluvial sediments along Lhe creeks.
(8) Relatedi igneous rocks

Auriferrous quartz veins in the Pr otemwlc gabblo and glanodlm 1te and aurifeous
quartz veins and stockwork quartz veins - in the the Triassic to d urassie granite are
considered to be the origin of alluvial gold. K-Ar ages are 154+ 8Ma for granite
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porphyry (Late Jurassic) and 156 8Ma for monzodiorite (hornblende), nearly the same
age with granite around Tsav.

Waler supply .
Water is abundant in the small valleys. Wells are present near the deposit.

3

6. Hydrology .
Water is abundant in the valleys.

7. Discovery and hlstm v
1973 Thisdeposit was dlSCOVGl ed by t the geological survey at a scale of 1: 200 000.
1991  Placer gold deposit has been explomed by about 270 people by pitting, boring
and blanket sluicing. Production is scheduled {o commence in 1992,

8. Others
Silicification, sericitizattion, and pyritization are observed in the host rock of
aur iferous stockwork quartz vein,

Mardai déposit*

1. Location and transportation

Location: Longitude 114°21°30” East, Latitude 45°06°20” North, Elevation 900m above
sea level. In administrative division terms, the deposit is 10(:[1ted at the Dashbalbar Sum in
the Dornod Aimag.

T'he branch line of the railway (na1 row gauge) that connecl,s the Slbeuan Railway and
the Choibalsan city runs to the deposit. The roads for trucks run par allel to the line. Itis
about 200km from Choibalsan city to the Mardai deposﬂ; about 5 hour ear ride through the -
steppe.

2. Topography

Topographically, the dep051t area is a hl]ly zonie which is made up of buried valleys and
small hills, 150m~250m higher than the valleys. The elevation is highest at the Mt.
Dzurhut Ovoot (1,071.0m) which is located about 1.7km southcast of this deposit, and
Jowest at the valley located on the west of the deposit (860m). Four-wheel drive
automobiles can travel in this area except the swamps along the major valleys.

3. Climate
Same as Ulaan deposit.

4. Geology and deposit
(1) Mineralization :
The ore of this deposit contains uranium. It occurs as coffinite, uraninite, ete.
{2) "Type of deposit
Stockwork type~vein type.
(3) Orereserves and grades
Not obvious. Not open to the public as it is of national importance.
(4) Size of deposit ' '
Not obvious. (Size of the pit is 200m X 400m X 30m depth)
(5) Structure of deposit '
Stl ike: NW SE, Dip: 10°~15°NE



{6) Country rock :
Rhyolite, andesite, basalt and their pyroclastic rocks (welded tuff and tufll K-Ar

age, 136~150Ma), conglometate and sandstone formed during Late Jurassic to
Crelaceous Period.
(7) Structural control
Not obvicus.
(8) Relatedigneous rocks -
The Late Jurassic to Cretaceous volcanie rocks (7)
(9) Alteration
 Not obvious.

5. Water supply
Not obvious.

6. Hydrology _
' Running water ‘can béen seen at the valleys, therefore it is assumed that the
groundwater level around the deposit is shallow.

1. Discovery and history
1972 This deposit was discovered by air-horne y-ray survey.
1980 The USSR began underground mining.

8. Mining operation : o
Open cut mining: Stripping has been completed, and mining has just begun. It is
scheduled that mining be conducted to a depth of 100m.
Underground mining : Mining has been completed, and then the mine was closed.
(Amount of ore already exploited : approx. 25%)

9. QOthers
(1) Name of mine : DORNOD Uranium Mine (USSR jurisdiction)
(2) Number of employees : 100 (Russian)

1-2  Tumurtiin-Ovoo district

The Tumurtiin-Ovoe district is located in the Suhbaatar Aimag, eastern part of Mongolia,
and has an area of about 16,000km2. ‘

The 48-passenger Antonov airplane departs several times a day from Ulaanbaatar to
Baruun-Urt chy, the capltal of the Aimag. The flight takes about 85 minutes one way. The major
transportation in this-area is by car thr ough the steppe.

Topographically, this district is located at the area where the Govi 1ow1and which is
situated between East Mongolian Highland on the north and Daringanga basalt plateau on the
south, is in contact with Dor nod plain on the east. This alea is a hilly zone, 900m~1, 100m ahove
sea level. .

Phe’elimatic index vaties considerably within the district. ‘The annual average
temperature; 1°C~5°C. Annual frostless days; 120~140. The highest and the lowest
temperatures; 40.8°C and —41.4°C. The annual pre’cipifat.ion is higher in the southern part and
lower in the northern part, ranging from 90mm to 175mm. The southern part is desert, and the
central to the northern parts belong to the semi-desert to steppe zone. It is particularly windy
from March to June and in November with about 30~50 sandstorm days annually.

~ The geology of the district is composed of the Devonian, Permian and Cretaceous Systems,
and the Permian to Jurassic igneous rocks which intruded into them. Various deposits of high



temperature type such as skarn-typo zine deposits at Salhiit, Tumuritiin Ovoo, etc., greisen-type
molybdenum deposits at Arin-Nuul, quartz veins containing tungsten at Salaa, etc oceur in
association with the acidic igneous activity during the lateset Palaeozoic to IBarly Mesozoic
Periods.

1-2-1 Tumurtiin-Ovoo deposit® (Mg, I11-1-6)

1. Location and transportation

Location: Longitude 11319'29” Bast, Latitude 46°47°44” NOL th, Elevatmn 1,136m
above sea level. In administrative division terms, the deposit is located at the Subbaata
Sum in the Suhbaata Aimag. It is 18km from the capital of the Aimag to the deposit, about
40 minutes through the steppe by car.

2. Topography

The elevation of the major valleys aruond the deposit varies from 1,030m to 1,060m.
The maximum elevation is Tumurtiin-Oveo hill (1,139.4m) where the outcrops of ore
dep051t cxist.

Topographically, the area ar ound the depos;t is hllly zone which is made up of buried
valleys and smali hills, 100m higher than the valleys. As the valleys have no running
water, four-wheel drive automobiles can travel almost anywhere.

3. Climate
The major climate index of the Tumurtiin-Ovoo district is as follows:
Amount of solar radiation; Annual solar radiation is 5,100MJ/m2,

The annual average tempei ature; 0. 4°C.

Monthly average temperature®; the hlghest month is July w1th 19. 9°C the lowest
month is January with — 21.5°C

Temperatures range from - 40.1°C to 39°C.

Precipitation*; annual preeipitation: 191.2mm
Monthly average precipitation; the highest month is July with 57.0mm, and the lowest
month is January with 2.2mm. :

Relative humidity; monti.ly average : January 60~70%, April 30~40%, J ulj 40~50%,
October 40~50%.

Wmd ve}omty monthly aver age Janualy 3.0m, April 4.9m, July 3. 4m October 3. 4m.
(per second)

This area is lnghlands aboul 1,000m above sea level, located between Mongohan Gmu
and the DORNOD plain. It's steppe length is short. It is lelatwely mild with about 120
frostless days annually, and windy for three consecutive months from Apul to June and
November with about 30 sandstorm days annually
‘ (Notice) *: * indicates the Baruun-Urt city’s results.

4. Geology and deposit
(1) Mineralization _ :
The ore of this deposit contains zinc. [t oceurs as garnct skarn ore with a large
amount, of magnetite iron ore. Ore mmelals dle magnetite, hematite, sphalerite,
chalcopyrite, pyrite, stibunite etc. Sphalerite ocours as small veinlets within skarn and
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magnetite, or as disseminated ores.
(2) Type of deposil,

Massive Lype and/or lenticular skarn type.
{3) Ore reserves and grades; (Cut off 3.0%)

Ove reserves (1) Classification 7in (%) 7Z.n metal content(t)
6,810,000 B+Cy 12.04 820,000
7,689,000 B+Ci+Cq 11.5 885,300

(4) Size of deposit

Lenglh 600m, width 300m, thickness Sm~40m.
(5} Structure of deposil,

Strike: E-W, Dip: 18.4°N (calculated results).
(6) Country rock

The Silurian to Devonian sedimentary rocks and the Late Palaeozoic to Early
Mesozoic acidie intrusive rocks intruding the sedimentalry rocks. The ore body is
intruded by small dikes of porphyry and dioritic porphyry that have flow structure.

(7) Structural control

The deposit is of skarn-lype by replacement of Bevonian limestone and is controlled
by size and structure of the limestone xenoblock. This xenoblock plunges toward south
with 10 to 70° dip, in average H0°.

(8) Related igneous rocks

1L is considered thal the skarnization is related te the Late Palaeozoic and Early
Mesozoic acidic intrusive rocks.

Regarding to abundant magnetite, there are two opinions whether related with the
skarnization or of by sedimentlary origin. The stage of zine mineralization is considered
to e related with small-size dikes of alkaline rocks at the latest stage of acidic igneous
activity. However, presence of such a kind of alkaline vocks is not confirmed as yet. So,
aforementioned theory remains only as an assumption.

{9 Alieration )

Skarnization (magnetite-garnet skarn)

Water supply
1,230m3/d of spring water is available at Dund Uri, 14km southeast of the deposit and

Bayan Gol, 9 km east-south-east of the deposit.

6.

Hydrology
As a result of the Hydrology survey from the Mongolian side, it is assumed that the

amount of spring water from boring is 0.4~9.6m3, the amount of the spring water in the
tunnel is 1.5m3, and open pil is 5~15m3/h.

7.

Discovery and history
1973 The survey group by the cooperalion of East Germany and Mongolia
conducted regional magnetic exploration,

1974 When the survey group hy the cooperation of East Germany and
Mongolia was conducting magnetic exploration, it was confirmed that
zine mineral existed in the magnetite.

1975~1976  The survey group by the éoopél'ation of Tast Germany and Mongolia
conducted a preliminary exploration.



1977~1979 The survey group by the cooperation of Fast Germany and Mongolia
conducted a detailed survey (1980 Report).
Geological survey  alascale of 150,000

Roring - 110holes . 30,000m~40,000m
(Ore reserves were calculated based on 46 holes (8,476m) of boring in
1979)

1979 Technological IS was conducted.

1980 Ore reserves and grades were ratified by the Natwnal Ore Resources

Examining Commitiee.
1989 The final F/S was conducted only by'thé Mongdiian side.

1990 '_ Mongoiiém Ore Pubiic Corporation (Mongolia, Erdene Co. Ltd.) was
_given per mission to develop It has been employing a consulting
company to carry out the stripping. As well, Japanese and Canadian
consulting companies are preparing an F/S. '

Past exploration works

trenching many

boring
tunnel

- 118 holes, ' Cumulative length 30,000m~40,000m, (50m X 50m interval)

vertical shaft 70m (1), tunnel 1,051.6m (1,030m above sea level)

Mining -

(1) Owner ofenterprlse

Mongolian Public Corporatlon of Mining (Mongo] Erdene Corporation)
(2) Employees :

Soviet contract- techmcmns has been conductmg stripping at present.
(3) Scale of production :

Exploration have not been econducted yet. (Only boring and tunnel exploration has
been conducted.) _
(4) Mining method (plan): Open cut mining, Stripping has been commenced at the
production of crude ore is 300,000ty (crude ore 1,000t/d) aiming at cominencing mining
in 1994. ltis considersd that ore reserves that are not workable by open cul mining are
impossible to exploit, with the life of the mine estimated to be 25 years.
(5 Transportation method :
~ Notobvious.
(6) Others

Ore from the surface to about 30m below is oxidized. Results of ore dressing test by
East Germany is as follows: Recovery rate: 81.8%, Grade of concentrate : Zn 52.5%.

1-2-2 Salhiit deposit¥ (Fig. 11-1-7)

i

Lacation and tr dnspm tdtlon
Location: Longitude 113°30° 05” East, Latitude 46°48'02” Nor th, Elevation 1,074m

above sea level. The deposit is located 16 km east of Tumuritiin-Ovoo. In administrative
division terms, the deposit is located at the Suhbaatar Sum in the Suhbaatar Aimag. There
is a dirt road running 27lkm from the eapital of the Aimag, Baruun-urt to the deposit, about
one-hour journey by car through the steppe.
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2. Topography

Elevation of major small valleys near the deposit are between 990m and 1,020m above
sea level. The highest point is the nameless hiil (1,106.2m) located at about 2km west of
the deposit. Topographically, if is a hilly zone which is made up of buried valleys and small

hills, 150m-~250m higher than the valleys.
automobiles can travel almost anywhere.

3. Climate
Same as Tumurtiin-Ovoo deposit

4. Geology and deposit
(1) Mineralization

As the valleys have no running water,

The ore of this deposit contains zine. It occures as magnetite-garnet-rich skarn.
Additionaly, there are some ore showings in association with breceiated quatzite. Ore
minerals are sphalerite and small amount of chalcopyrite, galena and tungsten.

(2) Type of deposit
Massive and/or lenticular skarn deposit.
(3) Orereserves and grades
Ore reserves
approx. 920,000t
{(4) Size of deposit

Zn (%)

6.4% 58,000t

7Zn metal content (t)

Below-mentioned eight ore zones exist within a range of length 12kmXwidth
300~800m, along the contact of the Devonian sedimentary rocks and Permian to
Jurassic granite, granife porphyry and granodiorite porphyry.

Name Length{m) Thickness{m) Grade
1stzone 600 16~150
250 20~30 In<3%
Znd zone 800 50~300 In<2.5%
100~200  6~20 70 2~6%
200 130 nd 1%
3rd zone 7n0.01%~3%,
4thzone 600 26~70 Zn0.01~0.1%,
Sthzone 1,400 30~150 Znl~1.4%,
Gthzone 3 geochemical anomaly zones :
' within the area of 0.2km?2.
Tthzone I'racture zonein skarn and quarzite
8thzone 350 30 n<8%,
150 18 Zn< 4%

{5) Structure of the deposit

Remarks

located at the
northwestern end

located at the northwestern
end _

western wing of the syncline
Max. Zn=2%

south wing of the éyncline
Cu <1%

max. Zn 1~2%

max. Zn 2~3%

exist (Zn (.01~0.02%)

Zn < 0.1%

Cu+Pb<0.6~2%

The shape of the each ore bodies is complicated, conirolled by fold structure of the
Devonian sedimentary rocks, the structure of limestone, the structure of the contact
between the Devonian sedimentary rocks and intrusive rocks, and faults, Ore bodies
are generally arranged in N40°W direction along the general trend of the contact
between Devonian sediments and Permian to Jurassic intrusive rocks.

(6) Countryrock

Silurian to Devonian sedimentary rocks, Devonian to Jurassic intrusive roeks and
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Cretaceous extrusive rocks.
(") Structural control _

The ore bodies are-arranged in N40°W direction along the boundary between the
Devonian sediments and the Permian lo Jurassie granite, granite porphyry and
granodioritie porphyry and the locations are within 1km {from intrusive rocks.

(8) Related igneous rocks

Skarnization is congidered to be related to the Late Paleozoie to Barly Mesozoic

acidic intrusive rocks.
(9) Alleration
Skarnization {(magnetite-garnet skarn), silicification.

5. Water supply
There is no river. Spring water of 1,230m3/d is available at Dund-Urt, 15km southwest
of the deposit and Bayan-Gol, 9km southwest of the deposit.

6. Hydrology
Not obvious,

7. Discovery and history : ‘
1966 Hungarian geological survey group (B. Yanchiki and others) discovered
the deposit.

1968~1972 The survey group by the cqoperation of Fast Germany and Mongolia
conducted various surveys including trenching ar:ld horing.

Salaa depositik

1. Location and transpm tation

Locatmn Longltude 11326'06” [ast, Latitude 46'48'49” North, Elevation 1,070m
above sea level. In administrative division ter ms, the deposit is located at the Suhbaatar
Sum in the Suhbaatar Aimag.

There is a 19km dirt road running from the capital of the Almag, Bal uun-Urt to the
deposﬂ. about 40 min. by car through the steppe. -

2. Topography :

Elevation of major small valleys near the deposit are between 1,040m and 1,060m
above sea level. The highest point is Mt. Bor (1,155.5m) located about 2 km northeast of the
deposit. Topographically, it is hilly zone consists of of buried valleys and small hills, 100m
higher than the valleys.

3. Climate
Same as the Tumurtiin-Ovoo deposit

4. Geology and deposit
(1) Mineralization
The ore of this deposit is wolframite bearing, quartz vein containing Smal] amount
of molybdeénite.
(2) Type of deposit

Quartz vein _
(3) Orereserves and grades; {Cg)
Ore reserves WQOa (%)
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approx. 170,300t 1.35%

(4) Size of deposit

There arc 12 quartz veins whose length is 160m~400m, w1dth is 0 35m~1.2m, with
the maximum width being 3.3m.
(5) Structure of deposit

Strike: NW-SE, Dip: 26°~60°NE
(6) Country rock

It consists of the Barly and Middle Devonian terrigenous carbonate rocks, the
Permian volcanic and granitic rocks, the Permian to Jurassic granitoids (Salaa Block,
the mother rock of deposits in a strict sense; 205Ma) and the Middle to Late Cretaceous
graniloids. As for intrusive rocks, they are made up of fine-grained granite, aplite and
quartz porphyry formed in the Late Jurassic Period, and diorite, dlabase and kersantite
ete. formed in later age.
(7) Structural control

Associated with a big crushed zone by fault striking NW-SE, NE-SW with dip of
25°~B0°E~NI. The structure of this deposit is the same as that of intrusive rocks.
(8) Related igneous rocks '

Dike-formed infrusive rocks since Jurassic.
(9 Alteration

“Greisenization'is partially seen.

5. Water supply
There is no river. 1,230m3/d of Spring water is available at Dund Ult 13km south of
the deposit and Bayan-Gol, 5lim southwest of the deposit.

6. Hydrology
Not obvious.

7. Discovery and history

1966: The geological survey gxoup (By the cooperation of Hungary and Mongolia)
discovered the deposit.

1966: After the discovery, various surveys including trenching and boring were
conducted, and mined by open cut mining and underground mining.

Arin-Nuur depositi

1. Location and transpertation
Location : Longitude 113°57'31” East, Latitude 4713'44” North, Elevation 1,006m
above sea level: IL is located about 75km northwest of the Baruun-Urt city. In

. administrative division terms, the deposit is localed at the Suhbaatar Sum in the

Suhbaatar Aimag.  There is a dirt road running from the Baruun-Urt city (population
16,000) to the mine. Tt is about 100kin from the Baruun-Urt city lo the Arin-Nuur deposit,
and it takes about two and a half hours by car through the steppe.

2. Topography ‘

Elevation of major small valleys near the deposit are about 900 above sea level. The
highest point is the Mt. Sharga Tolei (1,025.0m) located about 0.5 km northeast of the
deposit. Topographically, it is a hilly zone which is made up of buried valleys and small
hills, 100m higher than the valleys.



3.

Climate
Same as the Tumurtiin-Ovoo deposit

Geology and deposit
(1) Mineralization

The ore of this deposit contains copper and molybdenum. It occurs as greisen ore
containing chalcopyrite and molybdenite. Greisen is composed of quartz and sericite
with calcite and potassium feldspars. Ore minerals are pyrite, chalcopyrite,
molybdenite and small amount of galena, magnetite and ilmenite. Tetrahedrite,
chaleocite, cassiterite and wollramite are rarvely found:. Limonite, jarosite, covelline

 and malachite are prominent in oxidized ore.

(2) ‘Type of deposit
Massive greisen. There are 4 ore zones.
(3) Ore reserves and grades; (Cy) _
Orereserves(t) - Mo (%) Cu (%) Mo metal content (t)
24,100,000 0107 0.06 25,810

{4) Size of deposit
1st zone
No. 1 ore body 400mX700mXdepth 30m~100m (lenticular type , dip
40~50°NE)

No. 2 ore body thickness less than 20mXdepth 20m~30m (vein-type , dip
20~30°LL) :

2nd zone
thickness less than 40mXlength of 500m. Quartz veins are developed in the
greisen,

3rd zone
thickness 100mXx length 500m Greisen plunges steeply to NE.

4th zone _ _ _

Not obvious. It consistof greisen and quartz vein.
(5) Structure of deposit

Strike: NW-SE, Dip: 25°~60°N
(6) Counlry rock

It consists of the Permian coarse-grained granite, and the Jurassic to Cretaceous
biotite granite, granite ~ syenite granodiorite. Aplite, pegmatite, granite porphry,
granodiorite porphyry, and lamprophyre occur as pre-mineralization dikes and
albitophyre and porphyrite occur as post-mineralization dikes. Greisenized granite is
the most important as host rock of copper-molybdenum mineralization.
(7) Structural control

The structure of the deposit is controlled mainly by fractures. The strike of the
major fractures are parallel to the contact of the Permian sediments and the Jurassic
granitoids with {racture zones of 10-15m width and dip of 80°N'W.
{8) Related igneous rocks

The Cretaceous granite porphyry and granodiorite porphyry (7).



(9) Alteration S
Microclinization, albitization and greisenization from the margin to the conter,

5. Water supply _ .
There is no viver. There is an easis in the Arin-nuul village, about dkm north of the
deposit,

6. Hydrology
Not obvious.

7. Discovery and hlStOI ¥
1967: B. Yantyulu a Hungarian geologlst and others diSCOVEI ed this deposﬂ;
After the discovery ~ 1970s: The survey group by the cooper ation of Bast Germany and
Mongolia conducted various surveys including trenching and b011ng, and mined by open
cut mining and underground mining.



1-3  Nuhut-Dawaa district

The Nuhut-Dawaa district is located in the Erdenc Tsagaan Aimag, eastern part of
Mongolia ocoupying an area of about 7,000km?.

The 48-passenger Antonov airplanc flies once a day {from Ulaanbaatar to Baruun-Urt city,
the capital of the Aimag. The flight takes about 85 minutes one way. It takes aboit six to seven
hours by car through a path in the steppe from Baruun-Urt to Nuhutt-dawaa.

As for topography, this district has a gentle hilly topography which has an elevation of
900m~1,200m and located in the northern end of the Dariganga Highland.

The climatic index varies as follows. The annual average temperature; 0°C~1°C. Annual
frostless days: 105~115. The highest and the lowest temperatures; 39.0°C and - 41.4°C (Baruun-
Urt). The annual precipitation is 230mm~270mm, therefore this district is covered by a
relatively thick steppe. It is’par ticularly wmcly on three consecutivé moriths from April to June
and November having more than 40 sandstorin days annually.

As for geology, this district consists of Ordovician sandstone and schist, and biotite granite
intruded from Triassic to Jurassic time. Accompanied with these acidic igneous activity, many
greisen type deposits of tungsten, melybdenum and berylium like Tsentr, Yuguzer, ete., quartz
vein containing tungsten and pegmatite type deposit of berilium and a mineralized zone of rare
metals are formed.

1-3-1 Yuguzer deposit % (IMig. 11-1-8)

1. Location and transportation

Location: Longitude 11524°'02” East, Latitude 45°54'27” North, Elevation 1,181m
above sea level. In administrative division terms, the deposit is located in the Erdene-
Tsagaan Sum in the Suhbaatar Aimag. The deposit and the old mine site are located about
205km southeast of Baruun-Urt city, the capital of the Aimag, and adjacent Lo the eastern
part of Erdene-Tsagaan village,

It is about 250km from Baruun-Urt city to the Yuguzer deposit, taking about six hours
by car through the steppe via the dirt road.

2. 'Topography

Elevation of major valleys near the deposit are about 1,060m above sea level. The
highest point is the hill where the outcrop of the deposit is present (1,160.2m}. This district
is a gentle hilly zone which consists of buried valleys and hills, 100m higher than the
valleys. At the river side of Jyaran river and Khuishiin river which flow western side of
depasit, some part fovms very steep clifl,

3. Climate
The major climate index areund the Yuguzer deposit is as follows.
Amount of solar radiation; Annual solar vadiation is §,200MJ/m2.

Temperature; annual average temperature; 0.5°C.

Monthly average temperature*: the highest month is July with 19.9°C, and the lowest
month is January with —21.5°C.

Temperatures range from —40.1°C to 39°C.

Precipitation®; annual j)re'cipitation: 191.2mm.

Monthly average precipitation; the highest month is July with 57.0mm, and the
lowest month is January with 2.2mm.



Relative humidily; monthly average : Januarvy 47%, April 37%, July 47%, October 45%,

Wind velocity*; monthly average; January 3.0m/sec., April 4.9m/sec., duly 3.4w/sce.,
October 3.4m/see.

This deposil is located where Dariganga Highland and DORNOD plain meel. The area
around the deposit is a highland about 1,000m above sea level, and steppe is eovered by low
grass. The temperature is relatively mild, with abous 110 frostless days ammually. It is
particularly windy for three consecutive months from April to June and November with
aboul 40 sandsterm days annually.

{Nolice) *: * indicailes Lhe Baruun-Urt city’s data.

4. Geology and deposil

{1) Mincratization

This deposit contains tungsten, melybdenum, beryilium, and bismuth, [t mainly
oceurs as greisen, and partially quartz vein. Molybdenite is found .in addition to
wolframite. Wolframite is column-shaped, and disseminated in quartz and muscovite.
(2) Type of deposit,

Massive andfor vein type greisen deposit and quartz vein. As for the ore rescrves,
greisen occupies 90%, and molybdenum-bearing quartz vein oceupies 10%.
{3) Orereserves and grades, (Cy)

Ore reserves WO3 (%) . Mo (%)

approx. 21,586,000t 0.197 0.056

In addition, there are BeQ 41,000t (average giade D.08%), and Bi 5,140t (average
grade 0.132%).
(4} Size of deposit

There are greisen deposits whose area are 1.5km?2 and several meters to 150m
(average width is 66m} thick and 45 quartz veins whose width are several em and
lengih are less than 100m. There are 12 greisen dé;iosiﬁs among them, the No. 4 ore
body, the largenst one, whose length is 1,450m, w1dth 82m to 900m, and average
thickness 8.9m, occupies 90% of the ore reserves.
{5) Structure of deposit

The deposit was formed by greisenization al the top of biotile-granite dome of late
Triassic to Jurassic age, and its shape is just like a convex contact lens swelled upward.
The boundary between schist which is the cap rock, and greisenized biotite granite is
sharp. Greisenization is the strongest at the top of dome and gradually gets weak to the
deep place and increases the inclinalion towards circumierence.

The strikes and dips of the major deposits are as follows.

No.1 Orebody. Strike: N40°E, Dip: b~bE°NW
No.2 Orebody  Strike: N30°E, Dip: ~50°5W
No.3 Ore body Dome-shaped, Dip is not obvious.
(6) Country rock

Biotite granite intruded during Triassic and the beginning of Jurassic Period.
(7) Structural control

The deposil ts the greisen formed at the top of the biotiie granite dome intruded
during Triassic 1o Jurassic Period. (fthickness: several m~150m, average 66m).
Distribulion of greizen is controlled by the dome of biotite granite. The boundary
between greizen and Ordovieian sandstone and schist which are the eap rock is quite
obvious.



(8) Related igneous rocks

Biotite granite formed during Triassic to the beginning of Jurassic Period.
{9} Alleration

Greisenization and silicification are dominant, The greisenization is developed at
albitization zone~feldspathization {potassium feldspar) zone at the top of the biotit
granite dome with zinnwaldite. The minerals consist of topaz, zinnwaldite, quartz,
berezite (a kind of replaced products composed of quartz, sericite, pyrite, ete.), argillite
{a kind of rock which is dark grey or green in color, and congists of plagioclase, quartz,
lepidolite, topaz, muscovite, beryl, cassitervite, wollromite, pyrite and a small amount of
molybdenite and chalocopyrite), quartz and kaolinite.

5. Water supply
There are wells and rivers at Chonegol, 2km west of Lhe deposil.

6. Hydrology
Amount of water emanation in the tunnel is 30~50€/min.

7. Discovery and history

In the past, mining activity in the Nuhut-Dawaa district was conducted with priority
given to the Yuguzer deposit, and at the same time developping other ore showings and the
deposit. Therefore, the followings show not only the history of Yuguzer deposit but also
other ore showings which shall be mentioned later.

1938 The USSR began to conduct geological surveys.

1939 Kabariam, a Russian, discovered the tungsten vein (a part of the
Yuguzer deposit) when exploring for water resources.

1942--1943 The USSR began {o conduct a geological survey at a seale of 1:10,000 and
45 gquarlz veins that contained wolframiie and scheelite are discovered.
While conducting these surveys, the Batgui ore showings (W) were

cliscovered.
1943 Working at the Yuguzer mine began.
1954 The USSR discovered ore showings of Mo, W, and Be (S8aihanUul,

Tsagaan Uul) when making map at a scale of 1:200,000.

1956 Working at the Yuguzer mine was suspended.

1957 The USSR conducted various surveys including pit, trenching, and
boring in such mineral showing areas as Saihan-Uul, and Tsagaan-Uul
ete.

1969 The Bayan-Hairast deposit was discovered, The grade, WQ3 3.6 % is

confirmed by pits (By the cooperation of Mongolia and USSR).

1970 Mapping at a scale of 1:25,000 (By the cooperation of Mongolia and
USSR). Evaluation of small-sized mineral indication was conducted
around the skarn greison mineral showing in Bayan-Hairast.
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Fig. 1I-1-8  Geological map of Yuguzer
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