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Fig. 1—3 —1 2 (Contd.)

Legend

Sedimentary rocks and volcanic rocks

o O O

5> 0O
[*3l-]
o

Upper Quaternary:Gravel, séndstone, pebble, loam, mudstone, rock
debris, aeolian sand. '

Upper Quaternary system(Deluvium~Proluvium):Rock debris, sandstone,

.- loam, clay.

Upper Cretaceous'system:Red'and gray ciaystone, Yoam, sandsﬁone,
grit, rock debris, conglomerate, rubble, marl, limestone. '

Upper Carboniferous~ lower Permian system:Andesitic basalt, andesite,

_ andesitic dacite, rhyolite, acidic"uintermedjate tuff, tuff breccia,

siliceous tuff. _
Hiddle_Carbohiferous system:Andesite, andesitic basalt, basélt.
baSic*%iniermediafe tuff, grit, sandstone, siltstone, tﬁffaceousr

conglomerate, tuffaceous sandstone..

; Lover~niddle Carboniféroﬁs.systemiConglomerate, sandstone, grit,

siltstoﬁe; andesite, dacite, acidic~intermediate tuff.

Lower Carboniferous system:Basalt, andesitic basalt, andesite, basic

~acidic tuff, sandstone, siltstone, tuffaceous grit,conglomerate,

dacitic ignimbrite.

Intrusive rocks

L L.L
L. L

Late Jurassic~early Cretaceous intrusion:Liparite stock

; Late Juraééicagearly Cretaceous intrusiq:Liparite diké

; iddle~1late Cgrboniféfoﬁs intrusién:Gabbro.

-;liddleﬂvlaté Carbqnife:ous-intrusion:Gébbroic di0rjte |

; Iiddleévlgte Carboniferpﬁs.intfusioh;Biotite hornb1epde:Efénife

; Barly Carboniferous intrusion:Granosyenite

Geological'eﬁents '

o 2
- .

Bedding plane

e

t

H

; Quartz vein
; Hornfels

. Fault

; Fault ﬁlane

: Survey points by M¥AJ, 94 and area number

- (after Mongolian data)
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be mentloned was not given. Sample numbers'of'this area are MOFOL & 02.
(23) No.26 area.

This area. ls situated around 35 km south east by east from Bayan Ovoo v111age
Intru31ve body of" Carbonrferous granitic rock appeared like a circle of its
. diameter around 2 km which was probably selected by satell1te 1mage In the
cirele of gran1t1c intrusive body, 5111c1f1ed part (sample No.; MOD15), quartz
- veins. {sample ‘No.; MODI4), silexite like stock (sample No. ;- MODlG) and part rich
~in ox1dlzed iron mrnerals were seen in varlety Metal analysis did not give
any-speclal_result4 but X-ray diffractlon-analysls revealed existence of.

chlorite and serieite_in siliclfied zone.
(24) No.27 area
Thls-area is located around 20~25 km north-west by west from Bayan-OuoOjVillage.

" No.27-A area 1s comprised of 5111c1f1ed and weakly argllllzed Carbonlferous

. andesite which extends several tens meters in ‘width and" around 1 km in length

The altered rock recelved ox1datlon due to weatherlng and shows brown on its
surface. Existenoe of serlcrte was conf1rmed (sample No ; MOD12)

. No 27 B is: geologlcally almost Same - as . No 27 A area; but its exten51on 1s a
:'lrttle larger_than No.27-A: Ex1stence of ser1c1te was also conflrmed
-~ (sample No.;: MOD13).. |

(25) No.28 area

No 28 A area is located around 28 km south -west by south from Luus Geology of
this area 1s composed of pre Cambr1anﬁ~Cambrlan crystalllne l1mestone,;:nd

- Permian granite and’ granltlc dikes wh1ch intruded. into lrmestone - The selected
- area by satellite: 1mage Seems’ to correspond to dlStFlbUthﬂ of lrmestone
' :Remarkable mlneralrzatzon and alteratron were not seen and here wasg’ noth1ng-'

”eXCept seyeral small quartz verns Sample number of thlS area are. LUFOB & 07,
- No. 28~ B area. is located around 40 km south -gast’ by south from Luus v111age On

athe way;: quartz- fluorite: veln im pre Cambrlan lxmestone was found in this area

: and then 1t was surveyed Only ex1stence of kaoline and fluor1te was- conflrmed

. f-2337*'_.



by X-ray diffra.cti'On (sample No.: HUFO1).

‘No.28-C area is. located around 60 km south -east by south from Luus Vrllage and

' MMAJ's Uudamtal report. presented at March in 1994 considered this area (No 71

- in Solongoi area) as siliceous. sinter. Therefore sample was taken to check if
1t was actually siliceous sinter or not (sample No.; HUF02). A small hill which )
was wholly occupred by silicified gran1te and quartz ve1ns in it extends in

Steppe__for around 100m (in N40 ° W direction) with w1dth,of_eround 30'm. The .

age of intrusion:of'granite_is thought to be Permian. Neither any special
result was given;by‘metal'analysis;-nor-any evidence for siliceous sinter was
given_b§ eray diffrection; Therefore, Sllicified.zcne ln'this_area-should be
considered as simple sllicified zone- around granite;' | L

(26) No.29 area
This area is situatéd around B0 km south-west from Luushvlllage.-'

Geology. of No 29-A area is ma1nly composed of TrrassrcﬁuJuras51c ‘syenite body"
rich in ox1dized -iron minerals. Neither any speclal result was’ obtarned from“'
metal analysis, nor any evidence for arglllizatlon and srl1c1f1cat1on was
confrrmed by naked eye. Sample number of th1s area is LUDOB

.No 28-B areaIIS'also occupied by. sillcified Zone of TriessicevJurasslc
_gran1t1c body which is partlally rich in ox1dzzed iron mlnerals " Metal
analysrs ‘did not reveal any 1esu1t to be mentroned but exrstence of serrcrtef.
- Was conflrmed by X- ray diffraction.

(27) No.30 area'.

- ;No 30-A area is located around 100 km -south from Luus village This area is
- occupied-by early. Permlan granodiorite which shows ring structure A part of
' .granite: whrch is: rich An oxidized iron mrnerals seemed to be detected by
_ satellxte 1mage Yellow color on satelllte lmage may be concluded to correspond"
,fto exrstence of ox1dlzed iron mrnerals '

- No. 30-B. area is located around 20 km south east by south from No 30 A area was-'

. reported as No.T9. ln Unduruda area by MMAJ Uudamtal ‘area report presented at .
' L,March;ln51994.. According to that report, 31llclfled.rock_here was concluded - to.



be_siliceous sinter. Limestone of pre Cambrian~Cambrian distribute here
widely and'is partialiy siticified and somewhere quartz veins can be seen,
This tlme, calcite, dolomite and a little amount of quartz were recognized from
3111CIf18d zone but evidence suggestlng the hot spr1ng and igneous activities
could not be obta:ned '

(28) No.31 area

This area is located around 30 km south-west from Luus viilage, and 6 exposures
of silicified andesitic voleanic rock which are circular hills of diameter
around 150~200 m respectively are scattered in 2 km quadrangle. This
_volcahie rock seemed to be formed in Carboniferous~Permian. Each exposures
'shews-weak'aggiiliietion-and partial existence of sericite, alunite,
pyrophyllite and oxidized iron minerals (sample Nos.; LUDOlﬂ-O5 LUF01~05).

The geologlcal map arotund this area is shown in Fig. 1I-3-13.

(29) Nos.32 & 33 areas
.These area are situated 40~50 km east from Olon-ovoot mine.

No.32 area is in limestone and N0.33'aree.is in sandy sedimentary rocks. These
areas seemed to be selected by satellite imagé because of these rock facies,

therefore any mineralization and any alteration_coﬂld'not be observed.
(30) No.34 area

: Tnis'a;ea is located around 15 km south-east from Nomgon village. Geology of
'this:area is rather complex and is composed of hornfelsized slate, rhyolite,
: _intermediateﬂwbasic_voleanic rock (or hypabysal rock) and white altered schist.
: These rocks seemed to be.fofmed iﬁ Carboniferous. -In rhyolite, small quartz
veins are seen and silicificetion occurred wholly, But main alteration is seen
in white altered sehist and it developes in range of diameter around 1 km. This
“'.white'alfered part was chosen as alteration area by satellite image. X-ray
dlffraction ana1y51s revealed common existence of sericite and partial
- existence of pyrophylllte in altered part. Chemxcal ana1y51s showed Zn 348 ppm
-as. maxxmum value in 7 samples of this area, but any other high values about
: other elements could not be obtalned (sample Nos:; NODO1~-04, NOFOIAvOB)
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Fig. 1—8—1 3 (Contd.)

Legend

Sedimentary rocks and extrusive rocks

.............

=
r
r

.rock. debris, rubble,

;”Quaternary systen(Upper~niddle Quaternary):Diluvial-Proluvialic rock

debris, sand, loam, grit, shingle, rubble, conglomerate.

; Pliocene-lower Quaternary:Rock debris, sandstone, grit, loam, clay

l1th consolldated marl, rubble..
Lover Cretaceous system(TAVSHIINGGBISRAJA snite, Upper member)
Variegated grey red. claystone, grit, sandstone, : 311tstone, rock debris,

conglomerate, claystone, loam, rubble.

: Lover Cretaceos system(TAVSIINGOBISRAJA suite, Lower member) Grey -

green claystone, argillite, siltstone, sandstone._llmestone, peat
sandstone;uloaml brown coal, bituninous claystone, conglomerate,
gravelstone and debris of loam. o n o
Lower Cretaceous system(MANLAISKAJA suite):Red, sometimes green rubble,

claystone, sandstone, grit, conglomerate, silt-

Stone, marl.

; Upper JuraSS1Cﬁ~lower Cretaceous system(lOGOITINSKAJA sulte) Grey,

green,'somet1mes red conglomerate, sandstone, grit,. argillite, silt-
stone, claystone, bituminous claystone, rubblic loam, rubble, marl,

linestone, trachybasalt. basalt, andesitic basalt, liparite, bitumi-

-nous schist:

Lower- mrddle Jurassrc system(SAIHANOBOOSKAJA suite): Conglomerate

sandstone, s1ltstone, coal.

: Loer Perm1an system(SAHhLAINGOLSKAJA su1te, upper member)(Hrddle GOB{

ser1es) Liparitic tuff, liparite, 11par1t1c dacite, - trachy 11par1t1c
d801teL dac1te, trachydacite and tuff liparitic 1gn1mbr1te. ande51te
and tuff tuffaceous grit, conglomerate. sandstone, 31]tstone, arg1—

1lite, basalt ob81d1an

. Lower Perilan system(SAHﬂLAINGULSKAJA suite, lower member)(l1ddle GOBI

ser1es) Ignlmbrlte dacitic, trachydac1t1c, l1par1t1c dac1t1c tuff

dac1te, trachydac1te, trachy11par1tlc dacite, ndes1t1c dacite and

-ande31te. 1gn1mbr1te trachyandes1te, trachyandesrtrc dacite, tuffa-

ceous .sandstone, s1ltstone, conglomerate, basalt andes1t1c basalt

Lower Permian system(IhehadskaJa su1te)(m1ddle GOBI serxes) Andes1te;

_trachyande31te. andesitic basalt trachyandes1t1c basalt basic and

1ntermed1ate tuff andeS1t1c dac1te, tuffaccous conglonerate, sand~

stone gr1t conglomerste, daC1te .and andesrt1c daC1te, 'gnimbrite_and

'tuff 11par1t1c dac1te, trachylrparltxc da01te and tuff

Intrusive rocks

Lok L

®

(after Zobotkin, 1983)

: Early Permian subvoleanlc rocks Llparlte. automagmatic llpar1t1c

breccia, 11par1tleud301te. trachyliparite, trachyl1par111c dacite,

trachydacite.

'_Early Permian subvolcanlc rocks TrachyandeS1te

Early Permian 1gneous rocks Gran1te, granlte porphyry, low alkalic
biotite-ampibole graite, syelte, graosyeite, granosyenite porphyry,
aplite, pegmatite, graodiorite, diorite, qartz diorite, monzonite,

diorite porphyry, gabbro.

+ Barly Permian-igneOus rocks:Leucocratic, porplwrytic, pegmatitic,

equlgranular gran1te

s Early Permlan 1gneous rocks Porphyrytlc, equ1granu1ar, biotite, horn-

blende gran1te

]

: Early Permian 1gneous rocks Amph1b01e, b1ot1te amphlbole gabbro,

gabbro1o d1or1te.

R1fe1an 1gneous rock 011V1ne and pyroxene gabbro, gabbro1c anorthosite.

Geolog1c events

Hornfels of contaet zone.

: Secondary quartzite.

Hydrothermal alteration rock S1l1crfxcat10n, arg11112at1on. pyritiza-
tion, eprdotlzatlon, tourmalinization, sericitization.
; Fault. '

; Survey points by_HlAJf 94 and area number.

i
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(31) No.35 area

" This area is ‘located around 15 km south-west Trom'Nomgon village, and
' Carboniferous miudstone developes here and andesstenutrachyandes1te intruded ‘into
it in the almost same period or a little later. Sllic1f1catlon took place
mainly on ande31te body "and sllloified_zone which is rich in oxidized rron'
miuerals oocuoies_range of severallhundreds meters % around 2 km. Sample
numbers of this area are NODO5 and NOFO4: | - '

{32) No.36 area.

. "This area is loeated around 28 km south-west from Nomgon v111age and exists at
"the east -end of small scaled mountalns which extends in EW d1reot10n In this .
.area,_metamorphlc rocks such as green schist and siliceous schist which were
:formed'in'Devonien?'are predominaht ':Just'poiut that‘was selected. by-setetlite

1mage was revealed to be occupled by S111ceous SChlSt which include serlcrte
and muscov1te

(33)'No.3? area .

This-area'is'situated around 20 km west from No. 36 ‘area and is on southern slope

cof a mountain “The mounta1n 1s occupled by: Carboniferous unaltered acidic
volcanre rock show1ng remarkable flow- bandlng structure In this voléanic rock,
"white. argllllzed zone whose . w1dth is around: several hundreds meters ‘and whrch
s parttally s111c1fled is seen’ lxke as a headband around the mountaln
:Altered zone shows SChlStOSlty that seemed to be orxglnated in metamorphlc rock
Fractural structures that are seen somewhere suggest the ex1stence of certarn

' s.structure 11ne ThlS argllllzed zone 1s thought to be selected by satellite
' 1mage Analrzed s1I1c1f1ed rocks, it was 1nd1cated that contents of Au and Hg

_:were 11 ppb and 80 ppb respeotlvely (sample No NOF05)

(34) Nos;38 &'39 erees‘
_ .No'38’area'i3'loceted around:GO'km'SOuth'from Dalanzadgéd'city-andtlies on -
Q;:northern slope of mountalns wh1ch extends in EH dlrectlons Aeidie volcanic

~‘rock and conglomeratic sedimentary rock which seemed to be formed in
Carbon1ferous develope here’ W1de1y '

—aq1—-



No.39 area is located around 20 km east from No. 38 area and in thls area’
_ rhyollte includlng muscov1te distributes here. 'In both areas, mlneralrzat1on .
could not be recognized therefore satellite image seemed ‘to choose the rock.
facies of these areas.

(35) No.40 area

No. 40~ A'area is located around 25 km. south-east'from Hurmen village:which'is
around 110 km ‘south-west by south from Dalanzadgad Rhyolite with f1ow banded
structure and ‘rhyolitic pyroclastxc rock whose age - seem ‘to be Devonian develop
in the area that was selected by satellxte image. Any mineralization and any

aiteration could_not be observed here.

No. 40 B area is located around 5 km south- west from No 40 -A area. A quartz vein

-ithat is along boundary zone ‘between granitlc rock .and. andesrtlc volcan1c rock:.

(age of both rocks seems Devonian) was found.oh the way of survey.- ‘The quartz
vein whose width is 5~10m extends around 150 m-in N50° W dlrectxon and is
composed of gray and fine quartz gralns, but w1thout sulfide minerals ~1In '
-granitic rock, weak arglllrzatxon was observed. Low contents of Au and Ag were
confirmed by chemlcal ana1y31s (sample Nos. ; ATFOI & 02) ' :

_No 40 C is 31tuated around 30 km south-west by south from No. 40 B area, and
_Carboniferous andesrtEAudac1te (probably 1ntru51ve body) Wthh shows weak:_
‘argrllizat10n and strong weathering extends several km long in EW dlrection w1th
. width of several “tens meters  Sample number of this area 1s ALDOl

No. 40~ D area 1s around 10 km south east from No 40 C area. CIn this area, a
narrow quartz vein whose width is 15 ¢m was found 1n pre Cambrlan sandstone, on
-.. the course of:survey. : Any special result” to be mentroned was not grven by_'
chemical analysis (sample No : ALDOE) '

' (36) No.41'area
No 41- A area is. located around 60 km south-west by south from Nomgon vrllage, N
_and late Carbon1ferous-early Perm:an rhyolrte whose surface shows brown color

because of. abundance of llmonlte and- hematrte distrxbutes in thxs area. It was
- selected due to abundance of oxldlzed iron mlnerals by sate111te 1mage 7

-



R

No.41-B area is situated around 10 km south from No.41-A area, and pre Cambrian

'limeatoné which- shows brown color partially because of oxidized iron minerals
= developes here. ‘This brown part should be selected by satellite image.

(37) No.42 area

This érea'is located around 80 km south-east from'Hurmen village. Granitic

"intrusive body which shows weak silicification and strong weathering developes

~'in unknown aged dark blue mudstone. -This:granitic bcdy is exposured like a

“circle of diameter arbuﬁd 1 km and partially contains much Hg {140 ppb).
Sample number of this area is NODOS.

(38) No.43 area

This area is located around 18 km south from Syhan-ovoo village. 70utcr0pé of
silicified acidic voleanic rock forméd in Permian are scattered in the area
around 3 km long ‘and 200~300 m wxde Around silicified zone, white argillized
Zone which contains kaoline was observed. Metal analy31s did not give any

: spec1a1 result to be mentioned. Sample numbers here are ONDO1~03, ONFO1 and
':02; -Fig. 1I-3-14 shows the geology around Nos.43~45 areas,

(39) No.44 area

: This area is located Seuth*uest frOm No.43 and exists at north-wést end of Ahar

mountains. Devonian acidic volcanic rock which recelved strong silicification

and veak arglllxzatlon 1s exposured on NEE line 1n area of around 1 km long and

150 m wide. _In_s111c1f;ed zone, brecciated texture was observed partially.
‘Metal analysis did not give any special result to be mentioned, but by X-ray

diffraction analysis kaoline and alunite were confirmed to occur commonly, and

E ;pyrophyllite'to occur partially. Sample numbers of this area are ONDO4 and
.~ ONF03~05. o

(40) No.45 area
' This area is-situatéd around 10 km west from No.44 area. Outcrop of Permian |

‘ac1d1Cn~1ntermed1ate volcanic rock (dacite~andesite) shows complicated
'f'varlety, such as’ fresh parts,. st:ongly silicified parts and strongly argillized

parts in a c1rcu1ar area’ of dlametcr-a:QUnd 700 m. In strongly.siiicified part,
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Rig. T—3— 1 4 (Contd.) _ . . ‘Foo 9] ; Upper Permian system(HARWZUURSKAJA suité):Andesite, andesitic basalt,.
Legend o . ; o o E T :.. R o :' : B

- dacite, rhyolite, tuff, lava breccia, rarely sandstone polimictic .

Sedrlentary rocks and extrusrve rocks volcanollct1c tuffrte. grrt. conglomerate, siltstone.

‘ Kidd]e Quaternary~vrecent system: Rock debrls. clunp. sand loam, l R ;: : . R e _ iupper Permian system(HAROVDOSKdJA suite, Upper member) : P011n1ct1c

- *sandy loan. clay._rounded and’ subrounded shrngle._ e S 'ﬁ.-- . _. R '§S§§S§}__ sandstone. siltstone, arglllrte grit, conglomerate. Tarely I;th

- lrocene Alluvral series:Shingle, - conglomerate. grlt calcic sand- - o - - _ _--' o :-1“ R lnterlayer and lens of andesite, dacite, rhyolite, tuff, ash tuff.
stene, sand, yellov. vellow-grey coal. .~ .~ . . S ' R :_ ] R ;5§/ _;Upper Permian systen(HAROVOUSKdJA suite){(Lover member):Siltstone,

-}'Palaeogene system(lrddlervupper 011800&“6) Loose and 11ttle cement- - . D o L i ,{:-- arglllrte._sandstone, grit, conglomerate,_boulders, veathered sand-
1ng pink-yellow, prnk -light grey, gréy sandstone. claystone(green' o . . S ) 3 -_'.-_d-istone : : . : .

Lower Pernlan system Rhyolrte. trachyrhyolrte. felsrte. dac1te.'

lhrte & red in. color). shrngle._olrvrne basalt(black & grey in color)
;eruptrve breccra ’ .

andesite.” andesitic basalt, basalt, tuff tuff breccia, lava: breccia,

;'Palaeogene system(Lower Olrgocene) Claystone debrrs. sandstone. wea—d . “:- ' S L L .tuffaceous conglomerate. tuffaceous sandstone '_
 thered sandstone, meratic conglo- breccla._conglonerate brovnrsh red . :_ IR l- SRR o ; Lower Ripheian systea(UIZENUULSKAJA suite): Atkose’ sandstone. grrt
_sandstone dark red and 1ight green sandstone. ' ' - B _ me tanorphosed arglllrte, schist, sandstone, quartz ser1c1te schist,
EoE——— i Upper Cretaceous System(BOHBOHOISHAJA surte) Conglomerate neratrc el _f _ P o . S feldspar quartz schist, eprdote feldspar amphrholrte. serrcrte'
"""""" -rconglonerate, a little cemerted grtt Ieathered sandstone, shingle, l'_ d - .-,_f- o .. : L ©. | feldspar quartz sch1st felﬂSPﬂr chlorite brotrte EpldOte zoisite
sandstone, ‘claystone with gypsum, argillité, srltstone(red and p1nk T e e R ':'sch1st tourmaline bictite quartz plagioclase schist, metamorphic.
_in color), varlegated rarelY vith 1nterlayer and lens .of coal "_ e i E .":- S _“” ' ;rhyollte_wrth_1nterlayer of marblized lrnestone_and quartzite

‘olivine basalt.

; Lower . Cretaceous system(HOHSHIIRSKAJA su1te) Srltstone calc1c argi-

0
o

Intru31ve rocks . . :
°° [llrte. cabonaceous schrst, polymictic and 1nequ1granular sandstone _ o _ jray +1 5 late Jurassrcneearly Cretaceous 1ntrusron Subvolcanrc trachyrhvolrte.
' ’ 3-pelrtomorph1c 11mestone. marl coal grrt green and grey congloe;._a R ...--‘ s 1+ + 1 ..rhy011t1c porphyry, alkalrc trachyte syen1te.porphyry._rare1y
: ;merate, basalt andesite-basalt, pyroxene andeslte basalt 7 o ' ” ' ' R . granite pgrphyry * ' ' _
oo<>o. ;;Lover Cretaceous system(IANLAI surte) Boulder block conglomerate, o L e X x % _} Late Perm1an 1ntruslon Gran1te. Leucogranlte, bibtite“granite,.sub—
© o0 .;'merat1c conglo breccia, - sandstone. red claystone rarely basalt S RN T M. S _alkalrc granrte. granlte DOTPher- mlcrogranlte. rarely syenogranite
' yroxene andesrte basalt tuff tuff breccra._aglonerate _" . i O _.' o -_f ',':'- _'- N .}' _ erth brotrte & hornblende, granodlorrte porphyry, diorite porphyry.
A & A” 5 Upper Jurass1cevlover Cretaceous systen(TSAGAANTSAVSKAJA surte Upper ) ' : ' ) _"_ : _"'_ o :.quartz syenrte porphyry. rhyodacrte porphyry, rhyolrte porphyry.
48 u}nember) Rhyolite,- trachyrhyolrte. perlite, tuff, rarely andesrte. e - - L ._'ﬂ_”t" L7 adevellite. : . o
: ' ._tuffaceous sandstone, tuffaceous conglomerate. grey s:ltstone 7 R . - _.p 4: e ‘g * % _r;Late Permian 1ntrusron Gahbro. gabbr01c drorlte. b1ot1te auphlbole
A o ﬁ_UDper Jurassrce«loler Cretaceous System(TSAGAANTSAVSKAJA surte Loeer -1': L ": : ?',.: T ..ﬁﬁ i :nabbr01c d1or1te, nlcrogabbr01c diorite.. _
Aa.fa .]menber) Pyroxene. ‘olivine basalt andesrtlc basalt andesrte. ande- o .. .'_ e ;n}.,«f n;5Early Pernran1ntrus1on Leucogranlte. Subalkallc brotrte granrte.'
.:s1t1c dacite, tuff rarely 1nterlayer rhyollte. tuffaceous sandstone, - i ._a'f ll;-- - - T Lo “'**"':'hlotlte hornblende granlte. Eranlte Dorphyry. mrcrogranlte aplitic
: basalt. conglonerate. grrt sandstone. tuffaceous sandstone. rarelr-.ﬂ' TR TR ' A ﬂ'f."'. b ' Lgranlte adanellrte. alkalrc syenite, quarta syenate. mlcrogranite.
siltstone, i SRR RS c .: | o | _ | .,.__.- R | L : . ” '
'1idi"'-ﬁ Upper Jura531cevloner Cretaceous system(AHARIINSKAJA surte) conglo~: -':. R f;':l o _i':df _ﬁ_. e Geolog1c events e : :
1Ol q - nerate grlt arkosrc and polynlctlc 1nequxgranu1ar sandstonep silt- 3"'_ TR = _'t f:"'_ .'.‘G,j ;jf : ﬁornfels of contact sone. t
L ~stoner sandstone. srltstone. argrlllte Ilth carbonaceous 1nclus1on."" o '._' _ R o . _f — .__'. >.;, L It
o 'dolo|1t1c llnestone. rarely carbnnaceous srltstone. andesrtrc basait, f:‘f 'dﬁ :{_' . S - jp,f- : s;f..ﬂFfS?liFif%?d_zqngr. ‘
B ﬂ':tandesxte, daczte. toff tuff breccta R _j SR : _' : ' d.'_ s L O ——
L ST e B 7| ; Fault.
L lrddleﬂ—lover Jurass1c systel(SAIHANUVOOSKAJA surte) Polyllctlc e T T T -]/[ s
.;E}_}f _'.sandstone, tearthered sandstone. sandstone. srltstone._polynxctrc | ' s ' ' "::;.5. : } duruer-poin{o b;_IaAJ; 94nééd.;fea nuhge},.
: .argrllrte. carbonaceous argrllrte. grey argrllrte. argrllxte.ﬁnu' : -CSD. R T e

- t .con 1olerate. rarel vith lens of coal r1t R Sk
: “fieratlc conglonera i ¢ : . g : X _ - {after Togtox, 1986)
L lrleatone. ' R LI
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:kaotlne and alunrte were confirmed to ex1st (sample No. 0NDO5); and in
strongly arglllrzed part copper and arsenic were- confxrmed to be contained
rather abundantly as 236 ppm and 130 ppm respectlvely (Sample No. ;'ONDOB)

Therefore further: geologlcal survey and samplrng seems necessary to be performed
in details, '

(41) No.46 area

._Thrs area is located around 50 km from Hurmen village and located around 70 km
south west from Dalanzadgad city. Carbonlferous ande51te which shows ‘brown
color received weak srllclflcatlon veak argllllzatlon and strong weathering

Metal analysrs did not 1nd1cate any result ‘to be mentroned (sample No.: ALDOS)
(42} No.47 drea-

' Thrs area is sxtuated around 10 km west from No 46 area Carboniferoﬁs andesite
developes wrdely here and brown alkali granrte 1ntruded into ande31te 1n the:
"almost same period as andesrte Brown color in granite should be due’ to strong

weathering, but any 511101f1catlon any arglllizatlon and -any minerallzatlon'
‘ could not be observed '
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CAPTER 4  CONSIDERATION
4-1 . Collection and Analysis of_the Existing Data

The study of exrstlng geoscientlfrc 1nformat10n was done prxmarrly on reports
stored at the Geologrcal Information Center (GIC) of the GSM.  The work whose
results are contained in these reports was commxss1oned to the Soviet international
geology research institute by -the Mongolran Government and the field work was

carrled put by teams compr1srng both Mongolian and Soviet members.’ The said
.reports were prepared at the above Sovret institution and is wrrtten in Russran-
_language

Ge0301ent1f1c survey of the area in questxon began in the 1830s and there are
reports on 62 geological 1nvest1gat10ns ranglng from- 1 11,000, 000 fo 1 50 000 in
‘seale, also reports on nlne geophysrcal work 1nclud1ng arrborne geophysics were.'
'studied in the course of this: project Only airborne magnetrc survey “at 1:200,000
covers the entire area The geologlcal work mostly covers: the area to. the north of
'43 and- thus-the. Gobi Desert and the vicinity of ‘Altal: Mountalns ‘have not been;
- surveyed ?artlcularly areas stud1ed by survey at 1:50, 000 or, larger scale ore
deposit assessment and surface geophysxcs are concentrated in the zones to the edst

of 43 tlgated vere consrdered to be of low prospect1v1ty and abandoned or promxsrng..
- zones have not been found - because of 1nsuff1cient 1nvestrgat10n There fore,'_
satelllte image analy51s of the western parts may 1ndlcate the necessrty of further_

. survey of these. areas ' ' ' '

~ There are mineral'distrtbution'map5'covering the entire'cduntryoatd1:500;000 showing.. -

the deposits and showings of known minerals . together with geochemicalganomalies.
They'have explanatory texts describing the grade, geology'and occurrences}

-In the present prOJect gold and 511ver depOSItS and showrngs were. extracted for the
.whole area and copper, lead and zine deposrts and showlngs were extracted marnlyf
for the western half of the area and were plotted on 1:1,000, 000 map (PL II 1.
Mest of the deposrts and show1ngs were dlscovered by the above. surveys, but the
grade is listed on the basis of relatively small number of analysrs = 1In some cases
.'only one sample has been analyzed and thls should be taken 1nto account in
consrderlng future prospect1v1ty ' ' '

_The folloﬂing'io.areasuwhere many_goldIShOWingSfSWaru'were}selected through'the 3
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study of these available documents (PL.1I-3).

(1) Tsagaan Ovoo Area (Au)
NP3 Ulziit-Gulvansaihan Area (polymetal)
(3) Narangin Huduk-Tsagansubraga Area (Cu, Au}
(4) Th Shanhai Area (Cu,Au) o
(5) Harmagtai Area (Cu, Au) .
" (6) Olon Ovoot Area (Au)
(7) Bayan Hongor Area (Au)
(8) Bogd Area (Cu,. Auw)
(9) Bayan Govi Area (Cu, Au)
(10). Mt.Nemegt Area (placer gold) .

. of the above areas éix areas froﬁ (1) to (6) are located in the ground_tfuth survey
area:which was sufveyed in 1994, .and (1) ~ (10) areas are situated in the western
3ha1f ‘part-area to the west of longltude 103° E vhere ground. truth survey is to be
.conducted in 1995

42 ;satellite Tmage ‘Analysis

- Thirty- three scenes of satellite images in Altantal region of Mongolia were: analyzed

- and consequently 47 areas vere selected as altered areas, -because these areas. show

'-_same colors on analized sateilite images as those of Shuten area or Ih-shanhai area.

Fortynf;ye areas out of 47 areas_were surveyed as 1994's ground truth survey. It
'.'isneoncluded"to be-possible'that_ailicified zone and argillized zone around ore
avshowings whose extension is more than 300 meters in diameter_cah*be'selected from
':analiied satellite images. On the other hand rock bodies which show characteristic
.structure (for example, ring structure etc) and have brown surface on accourt of
_much OXIdIZBd iron minerals were selected by snalized satellite images.  After try
and error, it w111 be possible to select only arglll1zed zones and silicified zones
more prec1se1y

o Geological relation between linear struCture'and'ore showings is not clear, but main
'_ore show1ngs such. as: Shuten and - Ih shanhai seem to be arranged on a 11ne d1rected

L for ENE or EN.-
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- 4-3  Ground Truth Survey

From the analized satellite images in eastern half of Altantal region, 47 areas were
selected as altered zones. Actually 64 areas subdivided from 45 areas out. of 47
areas were surveyed in 1994 (regarding locations of these areas- please refer to Fig.
II-3-1). The areas which were reported in Uudamtal area s MMAJ report (presented at
March in 1994) as s111ceous sedlments from hot sprlng were included in some of
these 64 areas and were checked this time. And also the areas wh1ch~seemed 10.be
attractive on the way of survey were numbered as subdtvrded number and surveyed In
24 areas in these 64 areas, any silicification and any argllllzatlon could not been’
observed {(in the column of m1neralizat1on type in Table II- 3 1, “NON" was. wr1tten)
These areas without arg1ll1zat1on and silicification showed sometlmes a little
amount of elay minerals, but they mlght be selected by satellite 1mages because of

their special structure or brown surface havrng much oxldxzed 1ron mlnerals

To ‘choose the'areas which:are.neceSsary.to-he surVeyed-ln-detalls,_four criteria.
were considered Flrst one is to have wide. 5111c1f1ed zone. Second- one is'to-have
strongly argxllxzed Zone. Thlrd one is to show rather hzgh contents of As, Sb and
Hg, even though content of Au is small. Fourth one is to be volcanlc rock or.
pyroclastic rock as host rock. On choos1ng the areas to be- surveyed more ore
ShOWlngS of vein type: which show only small quartz velns,. and ore shOW1ngs of'i-
porphyry copper type whlch do not show Au content were -excluded. Consequently_No.S _
(Shuten), Nos.IO‘ & 111,,Nos.23¢e25, No.31,-Nos.43-45 were. choseneas areas to. be
surveyed in more detajls. Nos.34 & 35, No..37'areas'provide some of four criteria'n
therefore these areas-seem'to be next'to first selection Regardlng other areas,
1t is too early to conclude, but any data to promote further survey or: exploratlon
'works can not be obtained.’ '

~ No.13- B, No 28~ C and:No‘SO -B areas were'reported as siliceous sinter or sediments
from hot sprtng in MMAJ report. presented at March in 1994 (Uudamtal area),_but by
- check survey Ain. ‘this year. they could not be conflrmed as. products of hot sprlng_;

They may be cons1dered as’ srmple s1l1c1f1ed zones around plutonic rocks. ~As usual'::'

itis rather dlfflcult to dlst1ngulsh 51mple srllcrf1cation from SlllClOUS sedlments ;:

. of hot - sprlng But as far as- thls year's survey, clear ev1dence of srllceous:
'sed1ments from hot sprlng could not be observed. L

lThough this. year s survey was prellminary, prov1sxon of topograph1cal maps whose."3

. scale Is 1 to 50 000 would make surVey easier and more efflcxent
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44 Geological Structure-Characteristic Mineralization-Structural Control'

. The surveyed area in this year lies in southern part of Mongolia which 1s now called
Gobi plaln On the north and the south of surveyed area, sedimentary rocks,
: volcanic rocks, plutonic rocks and metamorphic rocks of pre Cambrian perijod
‘distribute widely. In the surveyed area, that 1s, in Gobi - ‘plain, voleanicrocks,
plutonlc rocks and sedimentary rocks of Mesozoic dlstrlbute widely, and Palaeozolc
-volcanlc ‘and plutonlc rocks formlng tow mountarns ‘are exposed among Mesozoie groups.
These geologlc features vere. bu:lt up by COlllSlOﬂ of two tecto-nic plate
(northern ohe is Siberia plate composed of pre Cambrian groups, and southern one is
Slnokorean plate also composed of pre Cambrian groups) durlng Palaeozoic and first
half of Mesozoic perlods Consequently in Mesozoic era, cont1nenta1 Sedzmentary
" basin was formed at the place of present Gobr plaln (Parker and Gealey; 1985).
':_Therefore, 1gneous act1v1t1es were mostly actlve at late Palaeozolc to early
'Mesozo1c '

Most of mlnerallzatron silicification and argllllzatlon seem to have had genetical

E .relatlon with volcanlc activities (andes1te ‘and dac1te) or pluton1c activities

(granlte and granodlorlte) of late Palae0201c (Carboniferous to Permian): - Some-of

_ .1gneous rock samples were anallzed (see Table II-3-2(2)), ‘and these result were

"'plotted on rock class1f1catlon diagram as shown in Flg 11-4-1. According to Fig.
I1- 4 1, most of igneous rocks. here should be andesite and granrte, and big
'd1screpancy betWeen chemical analysis and naked eye was not seen.

'_At the central part in Shuten mineralized zone (No.5 area), here is silicified zone
j'1nc1ud1ng alunite and kaoline, and the orlgtnal rock of Slllleled zone is ande31te

"fzand its pyroclastlcs of late Carbon1ferous-ear1y Permian. In this silicified zone,

. _brecc1ated structure was seen everywhere as shown in Fig. I1-3-4 and it seemed to

_:be generated by hydrothermal activities. Around 3111c1f1ed zone yslightly
'_'prOpy11tlzed andes1te dcvelopes and a quartz vein containing good amount of ‘Ail was
observed There are many genetical. models about hydrothermal gold ore deposrts but
here schemat1c cross section of Round Mountain ore deposats in Nevada (USA) that is
cons1dered as one of typical ep1therma1 gold ore depos1ts is shown as Fig 11- 4 2.
Upper. column of thls figure shows schematlc cross section of Round Mountatn ore
'depos1ts at presant tlme and lower column shows eross section of the ore depos1ts
) reconstructed as: the time of formation. Both occurrence of upper column in this
_ fegure and that of Shuten mineralized zone are very. similar each other except host
hrock Homogen1zat1on temperature of fluxd 1nclusion measured from quartz ve1n
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around silicified zone in Shuten area was 235. 6° as shown in- Table II- 3 ~2(8) and it
c01nc1des well with that of Round Mountaln ore deposits The reason why. adularla-'

could not be seen 1n Shuten seems to have been low Ph compared with that of Round
‘Mountain, It can be concluded that Shuten mlnerallzed Zone is epithermal gold ore

. "deposits, and then it is expected to be explored for yuartz veins and/or. networks

containing gold around and below silicified zone in ‘Shuten mineral ized zone area.

" Ore showings of Nos.i0'" & 11", Nos.23~25, N0.31'and.Nosf43—~45hareas séem to'be
“very resemble to that of Shuten-area? therefore’more detailed survey is thought to
" be necessary also in these areas. That of Nos.34 & 35 and No.37 areas are also

thought to be surveyed further. Locations of these areas are.summarlzed_in Fig{
11-3-1. ‘ S

Five. areas such as No 2, No 6 A, No 16-B (Narlnhudag) No 16- C and No 20 (Ih~
shanhai) are thought to show porphyry copper type ore showlngs Some samples_from
these areas showed some. contents of copper,. but ‘maximum content was-around'0.4%.

“Though quartz veins were observed everywhere, possibility to'be eébnomically'good

ore deposits could not be realized. Regarding most of 3111c1f1ed zones or rocks in
other areas, geological type of ore showings could not be deduced '

As shown in Fig II 3 1, areas of porphyry copper ore show;ngs are arranged on
almost EW line (along latltude 44° N) in central part of Gob1 plain.. Thls
;arrangement ‘must be reflect the structure of basement and i's parallel to boundary
'betueen 2 tectonlc plates in Palaeozoic period; On’ the other hand, areas wh1ch ‘are

- epithermal gold type and are thought to be ep1therma1 type are scattered randomly in. .
the surveyed area, All of . these ore shOW1ngs are con31dered to have genetlcal

relatlon wlth 1gneous actlvltles -in Carbon1ferous~vPermlan, and tlme of
3111c1f1catlon and alteratlon seem ‘to be almost same as or slightly later than
these" 1gneous act1v1t1es Result of age determ1nation is shown in Table II 3- 2(6)

45 Comparisoh between Satellite Inage Analysis. and Ground*Truth_

"As mentioned in. ‘the previous section (443) no siliciflcation and'no'minerallzatiOn,

but sometlmes small amount of clay m1nerals could be observed in 24 areas of 64
' rsurveyed areas. In these 24 areas speclal geological structure (for example, rlng_l o
.'structure etc) or. brown surface covered with cxldized lron mlnerals are thought to-e;
have been selected by satelllte image. analy51s All other. areas show more or less“' _
o 3111c1f1catlon and/or argllllzatlon ‘and some’ of them show hopeful mlnerallzatlon e
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as mentioned above. Among 45 areas whxch ‘were selected by satellite 1mage analysis
-and surveyed actually,_ln 17 areas no s1llc1f1cat1on and no minerallzatlon could be
observed, It is rather difficult to select altered areas thoroughly and
~ objectively, based on slight differenee of colors allotted artificially. But rate

~of failure (it is 24/45 in this time) will be expected to decrease, after try and

- error. The rate in next year will be smaller than in this year. However, at this

moment it is' impossible to select only hopeful areas by satellite image analysis.

To avoid individual difference on selecting altered areas, ‘it is necessary to
develope a digital way. Such kind of way is not impossible on treating three
dimensional digital data:

46 Possibility of Ore Deposits

'As_mentioﬁed in pfevious section (4f3), Shuten mineralized zone of epithermal golid
ore deposit- type silicified zones such as Nos 10" & 117, Nos 23 ~25, No.31 and
Nos.43~45 areas whlch may be eplthermal type gold ore showings, and weak
_'_hydrothermal alteration zone such as Nos.34 & 35 and No. 37, porphyry copper type ore
ishow1ngs and quartz Velns were found in .the ground truth survey area. The target
of. this year's survey is to flnd out gold ore showings, therefore it is conel uded
to survey further 1n the areas which show possibility of ep1thermal type gold ore
V‘show1ngs Spec1a11y in Shuten area further survey for around and below silicified
‘Zone is thought to be nacessary, and adJacent area northeast of Shuten is also
'necessary to be surveyed Judg1ng from existing data.
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PART II1 CONCLUSION AND RECOMMENDATION
CHAPTER 1 CONCLUSION
1. Collection and analysis of the existing data

As the result of the collection, compilation “and analysis of the existing data on
geological survey, geochemlcal exploratlon geophy51cal exploration, drilling, and
.so on. for are deposit and ore show1ng of gold, silver, ‘copper, lead, and zine in the
survey area, 10 areas; namely Tsagaan Ovoo, -01211t-Gu1vansa1han Olon Ovoot,
Narangin Hudak-Tsagaansubraga Ih Shanhai, Harmagtal, Bayanhongor Bayan Govi, Bogd,
Mt. Nemegt where many gold showlngs whlch contaln gold swarm, have been selected.

_Out of these 10 areas, Tsagaan Ovoo, Ulziit- Gulvansa1han Olon Ovoot, Narangln
‘Hudak- Tsagaansubraga Ih .Shanhai; and Harmagtai areas are s1tuated in the ground
-truth survey area to the east of longrtude 103° E and other four areas are situated
;1n-the western’ half,part.to the west of longitude 103° E '

2. Interpretation of satellite image

- Thirty;three scenes of the Landsat ™ images covering the whole survey area have
- been 1nterpreted and the alteratlon zones and lxneament in the satellite images
. 1have been selected, ' '

'”The selected'alteration zones wnlch show same color'in the analyzed satellite -images

as that of the Shuten area or Ih Shanhai area have numbered 96 areas in the whole

:'-_ survey area and ‘47 areas in the eastern half area 1nvest1gated by the ground truth
' survey '

:The alteratlon zones selected seem to have a tendency to swarm in some areas such as
“the: Mandalgov1 Salhan Ovoo area in the northern part of the ground truth: stirvey
area, -Shuten- Ih Shanhai - area ‘in the east, and Hanbogd Nomgon area in the south and
-are arraged 1n a east- northeast to east: and west d1rectlon

' It was dlffrcult to detect the: known porphyry copper type ore showings such as .
:_Serven Suhalt Harmagta1, and Narlm Hudak in. the satelllte 1mages because they are
3hnot accompanied by strongly argllllzed and- h1gh1y S111c1f1ed zones It was also
,difflcult_to detect vein. type’ gold ore deposits such as Olon Ovoot deposit because
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of narrow alteration Zone.

In the eastern half part of the survey area to the east of longitude 103° E, two
lrnear structures namely northeast to east- northeast -and west northwest dlrectlons,_
are predomlnant and extend for a long distance, -

' The curved to crrcular structures in the satellite 1mages are clearly observed in
_the Shuten area, an area to the southeast ‘of Shuten, the Hanbogd area, and an area '
to the_south southeast of Luus.

'The lrneament of the east and west d1rectxon is dom1nant in the Nos 43 and 44 areas, -
the.east- northeast dxrectlon in the Shutern and Ih- Shanha1 areas and the east and
west direction in the Nos. 23 24 and 25 areas. '

.As the result of the ground truth survey for the selected alteratron zones, 1t ls:
:concluded to bhe p0551b1e to select the ore show1ngs accompanled by - the s111c1f1ed_.
and argllllzed zones cover1ng an area of more than 300. meters dn d1ameter
Therefore, it seems to ‘be useful to survey the selected alteratlon zone as a clue to N
search for eplthermal gold depos1t .

la.g:Ground\truth survey

Forty five areas out of 47 areas selected from the analyzed satelllte 1mages of the h

eastern half part of the survey -area 1o the east of" longltude 103° E were .

31nvest1gated in the field In.24. areas out of these 45 areas, neltherV-'
¢51lrc1f1catlon nor- arg1111zat10n was. ‘observed. In these areas accompanred by no"u
_arg1lllzat10n and 51l1c1flcatlon although a. llttle amount of clay ‘minerals were
sometxmes ‘found, some rock bodies which have spec1al structure or. brown surface._
_:stalned by oxidized iron minerals mlght be selected by analyzed satelllte images. '
| No. 5 (Shuten), Nos. 10' and 11' ‘Nos: 23n~25 No 31, and-Nos: 43,,45 areas- out of.

the remalnlng 21 areas are considered to be ore show1ngs of - eprthermal type gold S

”-jdepos1ts related to the VOIC&HIC actrvrty in late Carbonrferous to early Permlan,

Judgrng from the fact that host rocks of these areas have been subJected ‘to
1ntens1ve srlrcxftcatlon and’ argllllzat1on mrneral assemblages of hydrothermal
_alteratlon zones consxst malnly of quartz alunlte,_and kaolinxte, host ‘rocks are S

andesrtlc volconlc and pyroclastlc rocks of late Carbon1ferous to: early Perm1an,7'

srllcrfred breccras whrch seem to be hydrothermal explosron brecclas are found :f,;' |

'everywhere in the: Slllclfled zones and the srllcifled zones are rrch in arsenrc,l
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antimony, and mercury. In particular, gold—bearing quartz vein containing 4.16 to
9.78 g/t of gold, 1.1 to 2.0 meters’ w1de and 350 meters long, and large- scale
'3111c1f1ed zone, 1.0 to 3.5 kilometers wide and about 7.0 kllometers long, are found
‘in the Shuten mineralized zone. Therefore, It is-expected that quartz veins and/or
.networks containing gold may be. present around and ‘below the silicified zone in the

--Shuten mineralized zone.
‘4. General eommentary_'

_ The'grodnd truth survey for 45‘hydrothermal.alteration zones which are situated in
. the eastern half part of the survey area to the east of longltude 103° E, out of 96
alteratlon zone selected from the whole survey area by the satellite image analysis,
.-rand 2 known SlllCIfIEd zone which were not detected on the analyzed. satellite 1mage
was carrled out. As a result, hydrotheral alteratlon zones were observed at 21
10callt1es. F;fteen-loceiities out ofdthese'Zl localities are newly found
N aiteration zoﬂee'by the. satellite image analysis. Out of 23 localities where
- hydrothermal alteration zones were found, Shuten mineralized zone which seems to be
oof eplthermal type gold deposit, 10'eilicified zones. namely No.10, No.1l1, No.23,
No.24, No.25, No.31, No. 43, No.44, No 45, and.the area adjacent to the northeast of
_fShuten, which may be eplthermal type gold ore showing, and 3 weak hydrothermal
alteration zones (No.34, No.35, and No.37) is thought to be surveyed further in
detailt'_ln_spite of the vast eurvey area covering 330,000 aquerefkilometers,
- hydrothermal alteration zones'were effectively found. This fact indicates that the

satellite Lmage analy31s is useful for search of epithermal type gold deposlt
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'GHAPTEB 2 RECOMHENDATION FOR THE SECOND YEAR'S SURVEY

L 1. - In the western half part of the survey area to the west of longrtude 103° E the
ground truth survey for: the alteratlon Zones selected in the analyzed satelllte

ilmages and - Known hopeful gold showings in the areas, where gold showzngs swarm, -d

_‘whlch have been selected from the analysis of the existing data is recommended
to be conducted to find hopeful area of gold because no ground truth survey was
carrled out in 1994, : o '

2. In the. eastern half part of ‘the survey area to the east of long1tude 103° E, is

: recommended to be conducted
| ,.(1)'Shuten minerellzed zone_eree '

B a) Detarled geolog1ca1 survey and sampllng for laboratory works

b) Geochemlcal prospeetrng by means of soil and rock samples L

(2) Area- adJacent to the’ northeast of Shuten, Nos. 10' & 11' Nos.23~25, No. 31
- Nos.43~45, Nos 34 &35 No 37 area . _“" R L :

?SemiFdetailed'geologicalusurveyeand sampling for laborstorydWOrks
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