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Xypaanryit

Hapuitucyxaittom xotropt 6aiiprax ayuz ropbin Hapuitacyxaiirbi opabi myypceruit 9
aaBxpaacaac aBcan 30 992417 TeTOprpaUilH cyzairaa XuiB. J\MIITHHUTHIAH aryyira
1,4-7,1%, uneprnuuruiin aryyara 9,1-41,1%, surpunuruiia aryyara 54,5-86,7%
X00pOHZ x9A69A39x 6a spacuitn xoaby 3,4-24,2% 6aiina. Hyypenmii muxporepayyauiir
TOZOPXOMAOXO/, AIOPEHTKAAPEH GONOH BHTPHHEPTUTHHH HaHpAaraTad GaHB.

OpapiH HyypcHER BATpHHETHHAH rapan ofiarox wazsap Hb 0.6 %-mac 0.8 %
6aiiraa Hb HYYPCHMH XYBHPABIH 33p3T T'YH PYYI'99 HXCOX 3YH TOTTOATOHI HATIOHS.
Hapuiiucyxaiitoin  0pabIH XyASp XypHMTaACaH OPYHH Hb YpraMAbIH 3HAH CailH
XaAraraATTall  XYUMATOPOryTsil GOAOH XYYHATOPOIdrydl OpUMH 93MKHMACSH, Xyp
TyHaZIaCHbI yCHDbI T3KI9TAIATIH HaMarT (AMMHHK) OFM X3A63DTOH HABYMT ypPraMAbIH

XypPHUMTAAAAAC YYCKII.
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Caiixan-oB0oo GopManMHH 3AC3H YyAYYHbI
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Xypaanryit

Caiixan-OBoo (opMalbIH AC3H YAYYHbI X9MXASCYYZ GOAOH LEMEHTHIH Hafipaara,
TOArIIPUAH  XYBHPAA, CTPYKTYP, TEKCTYPBIT TOAOPXOHAZ, SACOH UyAYyHbl HaHpPAArbIH
aHTMAAA, T:K93MY My, X YYCBIPHHT TOZOPXOHAOXBII 30pbA00. YT (OpMalpblH
299 MOMOSPUHH DACOH UyAYYHYYs, Hb HMXIBUADH XI99PHUHH 2KOHINT AHTHK apeHHT,
AMTHK apeHWTBIH; /007 MAOMOIPHHH DACOH UYAyyHYyJ Hb X99PHHH 2OHIIT AHTHK
apeHHTHIH HalpAaraTail GaiiHa. DACSH UyAYYHbI T9:K3TY MyKHHAT TOZOPXOHMAOXBIH
tyan Gazzi-Dickinson-pm aproir ammraas. Vnrsxsz tamesra Myx up 1991 MaM63pT
HX9BUASH  gaxuH c3pracaH yyA (recycled orogen), snoos mMam63p Hb aAMAASHXZ9D
xapunrzacsn vymza (dissected arc) Gyycan Gaiina. Xoép MIMOIPUIHH SACIH UYAYYHYYZ
Hb XOAMAZCOH YyAbmH dAcHui (mixed orogenic sands) sx yycsapwiir saacan. Tyymarsn
tyc Qopmanpm xumuitn erepuiauiin (CIA- chemical index of alteration) ytra asaz
MaM63pT AyHaaap 53.5, moox mMam6apT 57.8 Gaiina. DHd Hb XMMHIH OrepIIHA CyA

# Xoa6oo 6apux soxmoru: N.2Kapran, siBarazs, (PU3HK OreplIMA JaBaMraiAaH yyp aMbCraA Hb C3PYYH, Xyypaid 6GaHCHbIM
MVYHC, LIYC, I'eororn reogusuxuiin HATI9H3. | €KTOHMK HOXUAMAT TO/0PXOHAOX /MCKPUMHHALMHH JHarpaMmaap yr
TOHXHM (POpPMALMHH XypAac KOAAMSBIH Japaax OpreraAMHH CTPYKTYpTad XOA600TOH yyczar
H-moiia: jargal _|@num.edu.mn PUMTHHH XOTTOPT XyPHMTAAIZZKI3.
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Xypaanryit

Llspauiin raraB Hb ASAXHIH Zasap ypraMAbIH TOPOA 3YHAMHH 6yTal GYpIAZSXYYH, X
rasap THBYYZAMHH GaHpAan eepurergexk GaicaH OHUAOT HX ©6PUYAOATHHH ye GaHB.
A.M.Xnonos, I Xepurpun nap Mounroa, OXY, Xsarag 6oron Jopuoa Esponbin
LPpAMIH Agquilapollenites -witn cyzarraar HSITr3zs  rasapsyiH —TapXaATaap
naruHopropbi ['onzpan, Bopearbust (WASA, ASA) tepea syiiauiin Tapxaitaap
Palmae-u wmyxuiir Tyc Tyc siaracan Gaiizar. Jarssp cropoMopdbiH - 6yroy
MaAMHO(QAOPBIH MyzKyyZ Hb YPTaMABIH TOPOA 3YHAHHH GYPIALIXYYH LOTLOAGOPYYZbIH
XYBb/L XaHTaATTal GasiAar OAOH sIH3, JaBXParasyHH siH3 OYPHHH TYBLIMHJ TapXaATTaH,
Me30301H SPUH/L OPTeH TApXCaH ypramAblH Gapar 6yX yHACSH 6yAryys 6Gaiis.
[Tarunomop® LHOTLHOAGOPYYABIH CHOP TOOCHDBI TOPOA 3YHAHAH TOO HXCI2K OAOH TOPOA
60A0X, yCTazk YIyH 60AOX Hb JaBXparasydH siH3 OypHHH TYBIIMHZA eep eep GaHzar
TyA 6ycaz aMbTaH ypraMAbIH YAZBSPT3H aJMA TyHAMaA Xyp/ChIH HACBIT TOJAOPXOHAOX
60AOMKHHT OATOHO.

Tyc cyaarraaraap Monroa opubr 1epauitn 21 oazBopT raspbiH Xypacaac OAZO#
CyAAarJcaH Crop TOOCHBI GYPAAYYASJ CyJairaa XUHzK MAAMHOAOTMHH TOPOA 3YHAMIH
xyBbz Dopeanbupr Mymuz 6artaz Gafiraar 6ataan,  Llaraammas, llumsxyaar,
Xeoxraar (Tepmmiturosp), Hamarr, Dasummpssruita criop Toocusr rotepus-6appewm,
anT-aAbb, anT, aAbO, MAaaCTPUXTBIH TYBIIHUH TOPH3OHTYYZDIT SIATAaH, YyP aMbCTaAblH
©OPUNOATHHT TOZOPXOUAOB.

Llspauiin rarsbiH 3x3H yea muamyyct Moanyya, xeiropunug (Classopollis) , napcubr
TOPAMHH MOJZAOT ypramMan FOAAOH OH MOZbIr GYp/YYA YT TaABbIH TOICroAZ apaykap,
TMHKIO, Y€KaHOBCKMHH TOPAMIH ypramMaa Tapxax 6MHe 30HXHAK OalcaH LMKazoQHT,
OFMOH ypraMAbIH TOPOA 3YHAHAH TOO 166pd 3XIAC3H Gaizar. DArssp ypramAblH
TepeA 3yHAMHH eepurerTeec  xapaxas LlaraamuaBbi par yez  yyp ambcraabla
xyypait, [1lunsxyzaruitn uar yez MOHroA opHbI TEB GOAOH 3YYH XSC3IT yyp ambCraa
XYHT9BTIp XyypaH yyp aMbCraA 30HXHAZK, YAHPABIH YaHApTal /JyAaaBTap OPUMHZ
mmakmK Gaiican 60n Xexrasruitn mar yes MOHroA opHbl TeB 6OAOH 3YYH X3CBIT
YYP aMbCran AyAaaH YHATAST, DasHIIHPSSIHAH UAr Yyea ypPraMAbIH HXSHX XSCTHAT
KCepPO(MUT ypramMmAyy/l 30HXHACOH Hb Xyypal yyp ambcraitail Gaiicubir, Hamarruitn nar
yea Owmnoz Monroas yyp aMbcraa yAHpAbIH yaHAapTall Xyypail 60AOH YHATAST AyAaaH

YYp aMbCran 99AxKHAK GafCaH Iak y359X GOAOMKTOH IOM.
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Abstract

This presentation contains general concepts of the petroleum basin analysis, tectonic
factors, petroleum systems and depositional environments, including global and
Mongolian examples. Tectonically, oil fields are formed in the following 4 types of
basins. These include: 1) Rift basin formed by the crustal thinning and extension. 2)
Backarc basin and Forearc basin associated with subduction of plates. 3) Foreland
basins form due to continental collision and orogenic processes. 4) Transform basins
associated with the transform strike-slip fault zone near the mid ocean ridge. Four
main processes are important that about the petroleum systems such as hydrocarbon
generation, migration, accumulation, and preservation. Organic rich shale, coaly shale,
coal and oil shale are source rocks of petroleum and natural gas and are formed from 3
types of biomasses: lacustrine biomass, marine biomass and woody tissues in terrestrial
environment. These organic-rich sedimentary rocks generate the oil at a temperature of
80-120°C and at a depth of 1-3 km due to pressure, temperature (diagenesis). Normal
faults and porous rocks play an important role in oil migration. Spatially, a high porous
and permeable rocks such as sandstone and limestone, located above the source rocks,
contain oil accumulations (reservoir). In terms of reservoir quality directly depends
on the volume of porosity and permeability. The porosity of sandstone is 20-30%,
while the porosity of limestone is 10-70%, and the permeability of the reservoir rock
ranges from 0.1 to 10 mD. The increasing of level of the diagenesis lead to compress
reservoir rock which also effect to the decreasing of pore space between grains, the
proportion of pores decreases, and petroleum accumulation has a negative effect. The
seal rock and traps are the key factors for the petroleum accumulation. The seal rock
contains muddy rocks with low permeable to gas and liquids, salt domes, and fault
traps have a major effect on petroleum preservation. In addition, it is an important that
to reconstruct the paleo depositional environment for the petroleum geoscience. There
are three main depositional environments such as fluvial, shallow-marine, and deep-
marine environment. The first, fluvial environments consist of sandy packages formed
in large fluvial (alluvial) channel belts in terrestrial condition. Facies consist of gravel,
coarse, medium, and fine-grained, ripple-cross laminated, wave-formed sandstones,
where occur fining upward succession (FU). The second, shallow-marine environments
are characterized by a very fine to fine grained, wavy-bedded, cross-bedded-laminated
sandstones, which interbedded with the siltstone and mudstone facies that represent
deposition in deltaic environment (estuary) near lake, lagoon, marine and ocean.
The coarsening up (CU) succession occur in this environment. Finally, deep-marine
environment consists by turbiditic facies in deep-ocean fan dominated by sandy
sediments transported along deep-ocean channels (canyons). In conclusion, the basin

analysis and paleo geographical investigation is the key study for petroleum exploration.
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Abstract

Data on the origin and morphology of lake depressions in Mongolia are relatively
poor, with 2% based on lake total studies. The morphological patterns of the lake
depressions caused by volcanic activity have not been well studied in Mongolia.

We present a result of existing reconstructions of lake depression development and
changes in the hydrology system during the Khorgo volcanic activation and the
Holocene environmental change.

The morphometric analysis and field measurements indicate that the derivation of
the Terkhiin Tsagaan Lake depression and Khorgo volcano may have evolved from
movement on a sinistral strike-slip fault, which is about 70 km long. The southern
mountains and rivers were displaced from northwest to southeast along the Terkh
Fault. The offset along Terkh Fault is 4.02-5.28 km in the depression of the Terkhiin
Tsagaan Lake. After movement, a wide valley of the Terkh River developed in the
present landscape. The active Khorgo Volcano formed along the Khorgo Fault. The
Terkhiin Tsagaan Lake is formed by blocked water from the Paleo-Terkh River after
lava damming from the Khorgo Volcano.

Our estimation area of the lava plateau was 30.4 kml; volume is consistent with 11.13
kmi of the lava plateau. Based on high-resolution satellite maps and field morphometric
estimation is 22.1-51.2 m in thickness. The height of the terraces and lava plateau
that show a Paleo-lake is about 2068 m above sea level. Paleo-lake area was about
195.7 kml, which is calculated much larger than the modern Terkhiin Tsagaan Lake
(60-62 kml) and Khuduu Lake (11-12 kml) using satellite maps. The water volume
of the Terkhiin Tsagaan Lake is 0.351 kmi, and the volume of the Paleo-lake was
2.248 kmi. Based on this volume indicator the paleo-lake was 6.4 times larger than
the current lake.

Changes in the water volume of Terkhiin Tsagaan Lake and the erosion of the Suman
River canyon are inversely related.

The main result indicates that the mountains moved along the sinistral strike-slip fault
from the northwest to the southeast direction. We suggest that the Khorgo Volcano
formed in a lithosphere along an extensional bend in the fault. The fault is related
to the active tectonics of Asia, and may represent a distant effect of the India-Asia

collision.
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Xypaanryit

Kem6bpwuiin Typimz aruBaa aMbTHBI 6yil 60A2 OAOH SIH3aAp XOT?KCOH ABAAA ADAXMIH
TYYX3HZ TOXHOAACOH XyBbCAA OOPUYAOATHHH XaMIMHH OHLAOT Y39TAAMHH HOT 6aiB.
['scan xsauit 4 opuMH UArMAH SKOCHCTEMMHH YYCAMHH MaHAafAaX YHA SBLbIH
yAaarcaH Japaanan, dAuakapu 6a KeMOPHHH aMbTaZ, XOOPOHABIH LAr XyralaaHbl
XapUALAH LIYTOALDS Hb 9JHAKAPH-KEMOPHUHH XUA 3aarMHH Y9Up SBAABIT TAHHH M3J9:K
XapbllyyAax GOAOH TyXalH 3aBcap YeMHH OPTaHMK OAZIBOPBIH YAZSLASA YA MOPUHr
HADYYAZK TYr93MA93) XapbllyyAaXTall HII®H azMA Tozopxoil 6yc Gaima. duz 6uz
Kem6puiin cyypuiln a9AXuilH XapbllyyAaAThII TORPCOH MapraaHbIl aXHH HATTAaXaap
Bapyyn Mouroabin 3asxanbt 6yc 35X saMakapuiln Tercrereec KemMOpuilH Iar ye
XYPTOAX XypaacHpl 6uocTpaturpagu, antoctpaturpagu, [113C xemoctparnrpaguiin
IIMH3 Yp AYHT TOAMAYYAK Gaitna. Sasxaub 6ycuitn 3yyH-Apu, Basuroa popmartyyapin
KapBOHAT TOANOCOH 3YCOAT33C ByyH-ApI GopMalbIH OPOHH X3CITTIH XOAGOTA0H TOZ
mnspean [1PC coper sxnssap up Kem6puitn Cyypuitn Hyypcropera nsoron sxassap
(BAsal Cambrian carbon isotope Excursion - BACE)-1sit aguaxuaap tanuraraa. us
HyTar Jaxb XaMIHEH 3axbiH 30rcoAT Gyioy yHaatein Med (BACE) typyy xem6puiin
Protohertzina anabarica (Protoconodont) oaasopToii marT zasxamcan 6aitHa.

Kem6puiin cyypuac anx wurspcsn Treptichnus pedum rasapcaiiryli 6yc 3eBXeH
KapbOHAT YyAyyAar TapXCaH 3YCOATIIC HASPCOH Hb Gararyil XyHApPIATaH 6ails.
Treptichnus pedum ub sesxen Hpiopaynarsnapm Fortune Head aaxp xem6puiin
CTPATOTHI 3YCIATHHH XuA 3aar 6a 1arascan  Gadiprarer  (Global  boundary
Stratotype Section and Point - GSSP) Tereerex GoromzkToll yump XapblyyAcaH
6erees; 6Uz TYr?9MIA XapbLYYAAAT XUHX3/ 36BIIOOPOIACOH CTPATHrPAQUHH 66p
IIMHAX9H 3YCOATJ, aryyAaracaH XOEpAord TeAeeAAHir (Mapkép) Xaa HAMsH raspaac
MAPYYA2 IIMH33p TycraiiAaH XsHaH TOTTOOX Hb 3YHTaH rak ysak Gaitna. Kem6puiin
CYYpHET TOZOPXOHAOX 60AOMzKTOH ImHHD y3yyAdAT 60acon BACE-uitn aooa maruiir
asByyax Gaitna. [axass BACE wup safiamryii Tycaax Xoépaord TeaeeAerdTsi
xaMT uAspcaH Gaitx éctoil. OnoH Tooubr Tyrasmaa 3ycaarag BACE-uiin aoox msr
6onron  Protohertzina Tepamiin auxubr oazsop nb BACE 6a Treptichnus pedum
IIMT HATT XaMTaap XapbllyyAargaHa. |uiiMaac aarsap Takcon (taxa) up BACE as3p
YHASCASH TyATyypAaricaH GHOCTpaTUrpaUilH 3alAIINYH XAHAAT 60AOX 6a TYr3sMaA
XapbIIyyAaATbIT AQBIIPYYAQX GOAOMKHIT eprexyyAns. 3yyH-Apupm 1997 6a Dasuroa
popmanyyapir aamuacan BAY 4/5 sycoar ub SSFs 6a 8°C wusoron sxaspspuiin
XaMT IIHH3 rapupir caHar 60Arox 6a Tarcusspss GSSP mmr sanakapu-kem6puiin XHA

3aarMir MaraZiAaH TOITOOX0J 60JMTOH epcerzerd (KaHAMAAT) Hb GOAHO.
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Xypaanryi

Tpancexrniin cyzarraanbl YHACSH 30pPHATO Hb T€OAOTH-TEKTOHHKMHH Cyzaraaraap
TOZOPXOMAOTZICOH  CTPYKTYPYyAbIH OPOH  3ailH  ysAZaar TyCraH, TAT33PHAH
reOJMHAMHKHIH MOH HYaHAPDIT TOAOPXOHAZ, TEOAOTH TeO(DUSHKUHH OrerzeAyyIHiH
TalAABIH ZYH/ HUHIICOH HOI/COH 3YCOAT 30xMOX siBzar oM (opun, 1993).

Jopnoa Cubupuiin eMHOX X9CTHAH TEKTOHMKUHH IIMHIX9H MASBX:KMAMHH MY:K, OYCHHH
uxsnx Hb Vlonroa opmbl cTpykTyp TekTomukmitn 6ycyya rom. Hitma Monron opubt
uytar aascrapuniir Joprnoa Cubupuiin rasap HyTartail xaMTaTrad aBd y343r. JH3 6yc
HYTrMHH TEKTOHMKHHAH IIMH3 Ayp TOPXUHT C3Pr39H 6OCTOX0J HHUAIDZ au XOAGOrZOA
OHZIOPTOH Cyzarraa GOA TyXalH rasap HyTTMHH TEKTOHHKHHH TOA GYCYYAMHI XOHAAOH
ZlalipcaH reoTPaHCEKTHHH 3ypar 30XHOX siBAaA oM. JHa 30puaroop Monroa-Cubupuitn
tesuitn, Daitrar-Mounroab, Jopuoa-Cubupuin, Joproa-Mouroabn 6a Bapyyn-
VIOHTOABIH I'SCO9H TEKTOHMKHIIH TOA GYCYYAHAT XOHANOH Zalpax ) TPAaHCEKTHHAH Aaryy
CyAaAraaHbl azkMA XHATACOH Gafigar. Oxuuil 4 TPAHCEKTHAH CyJaAraaHbl yp  ZAYHT
60/0BCpYyA, Xapraasax sypar, sycaatuiir soxuocon (Bopun 1993, 1996, Zorin
1993,1995). 1991-1993 onyyaaas xspsrmcan “Global geoscience transects” Tocauiin
xypasuz Dapyyn-Mouroabin 6yloy V' TpaHCEKTHHH IIyTraMblH JaryyX X33pHHH
CyZlaATaaHbl azKHA XMETZCIH GOAOBY XIMKHATHIHH OrerAMIH 60AOBCPYYAAAT, TalAaA,
HOTZICOH 3ypar 3YCOAT Taprax amAyyZ XUHTADSTYH IOM.

OHaXYY CyAairaaHbl azAbIH Xyp3sH7A DapyyH MOHIOABIH CTPYKTYp TeKTOHMKHiH
6YCYYAMHT XOHAAOH HYHIAIAZ 3YCCOH - | paHceKT-V” X3MKHMATHHH TOOH Oreraenz
(rpaBu, copoHsoH ererzen) 6OAOBCPYYAAAT, TalAAb xmitk, Dapyyn Mowroabm
1:500 000 macimrabbin reoAOrH-reO(pH3HKHIAH 3ypBacaH 3ypar 30XHOX OPOAJAOTO
xuiirnas (Temeproroo 2017). Byc nyrar zaxp TeKTOHHKHEH CTPYKTYpyyZbIH XHA 3aar,
TOAr99PHIAH XapUAUAH GafpIIHA, TYHHH XarapAblH NapaMeTpyys 39pTHIT YHIA3X,
TOITOOX azKAYYZbII T€OCOPOH30H OPHbI CYZJAATaaHbl YP AYHI93P, XapHH 3apHM TOMOOXOH
XOTFOPYYZIbIH OPIIABIH TYH GOAOH HHTPY3HMB GHETHIH reOMETPHIAH X3MKI3CHAT YHIADX
QXKADIT TPABUMETPMHH CyZairaaHbl Yp /AYHT AUIMTAAH TYALSTIDK, TPAHCEKTHAH

IIyraMbIH ZJaryyX HSTZCOH 3ypar, 3YCIATHHI ypbJdHACAH GaHzAaap 30XHOB.
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Abstract

The seismic zoning is one of the most complicated and crucial issues in modern
seismology. It's a key link in a complex chain of estimates of seismic hazard and
earthquake risk.

This article briefly discusses the concept of seismic zoning of Mongolia. In the
territory of Mongolia, most high-activity seismic zones are located along the active
fault’s ruptures such as Mongol Altay (1931/08/10, Mw~8, L=176km), Bulnai
(1905/07/09, Mw=8.0 & 1905/07/23, Mw=8.3, 1.=370 km) and Gobi-
Altay (1957/12/04, Mw=8.1, L=270 km) and Mogod (1967/01/05, Mw=7.1,
L=45km).

The Institute of Astronomy and Geophysics of Mongolian Academy of Sciences has
been responsible to gather all data of seismic source zones for seismic hazard study.
The seismic hazard zoning of Mongolia, we used two type of seismic source zones such
as active faults buffer zones and 14 seismotectonic zones.
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Cylla}\raaHbI Ta}\6aﬁ Hb TQB MOHFO}\DIH X3CarT By]\FaH aﬁMFHﬁH MOFOL[ CYMDBIH HyTar
Z19BCr3pT OpmMX 6a rasap XOAAOATHHH HA3BXTSH Oycaz xamaapHa (epreper 48.1°,
yprpar 102.9°). 20-p syyna MoHroa opHbI HyTar A3BCrSpT JAOpPBOH XY4Tdi rasap
XOANOAT 60ACOH 661‘661[ TYYHHﬁ H3r' Hb 1967 OHbI M-6.7 XY'{TE)ﬁ MOFOI_[DIH rasap
XOIAOAT IOM. MOFOLU)IH rasap XeJAeATeep ra3pbiH rajapraZi YYCCaH Xarapaa Hb MOFOZL
cymbia TeBeec 1.5 kv opumooc yparimaa uurasaz Tyass yyAblH opoiiroop zaBaH, 3yyH
yparm apraH HUAT 45 KM ypT ypraamuaHs. JH3 cyzarraa Hb VorogbmH xarapAbiH
6YCa/ reOAOTHHH GHETHHH XHA XSI3raapbil SIATAX, Fa3pblH raapraz UA rapaaryd XaCruiH
XarapAbIH ‘II/IF}\SJ\HﬁI‘ TOﬂOpXOﬁ]\OX, YP AYHI rasap XeMQ]\HﬁH CyZaAraaHz, amuraax
30pHATOTOH oM. | paBuMeTpHitH XaM:KUATHHT X0ép Tarbaiis (XyAbik XaAyyH palnaaHbi
opuumz 6oron Tyass yyabm xarapabi xacart) CG-5 rpasumerp 6araxaap cranzapt
aprayraAblH zaryy xuitx ryiuarracsH. Cyzaaraaubl yp AyHZ XYHAMHH Xyduuii Dyre
Fa:KABIH 3ypar 30XHOCOH 6a 3Arssp M3J99AdAJ TYATYYPAAQH T€OAOTHHH GHUETHHH XHA

XSI3raapbil’ TOZOPXOHAZK, XarapAblH YHUTADAMHI TOITOOCOH GOAHO.
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Abstract

The Bayanbulag active fault is one of the segments of South Hangay Fault system
in the Hangay dome in central Mongolia. The Bayanbulag left-lateral strike-slip fault
zone was activated by recent moderate sized earthquake with magnitude ML=5.4 on
31 of October 2012. It is the strongest earthquake in the fault zone. The main strong
earthquake was followed by over 900 aftershocks.

‘We have deployed a transect seismic stations network with 72 broadband seismometers
in coverage of Hangai dome (44°-51°N, 95°-104°E) for 2012—2014 in the scientific
collaboration with Lehigh University under frame of project “Intracontinental
Deformation and Surface Uplift- Geodynamic Evolution of the Hangay Dome,
Mongolia, Central Asia”.

The results of accurate relative earthquake hypocenter and focal mechanisms for
Bayanbulag seismic zone are given us information about seismic source characteristics
of Bayanbulag active fault zone. In order to accuratly locate the earthquakes, we have
conducted hypocenter relocation using Double Difference method (HypUDD). By
relocation results, we can see that the aftershock sequences are distributed mainly
along the Bayanbulag fault, and most aftershocks are concentrated in a 8—14 km
depth which is consistent with seismogenic layer. By relocating earthquakes in the
Bayanbulag active fault zone, we improved hypocenter distribution of earthquakes that
helps to explain the South Hangay Fault Systems of dynamic and kinematic processes.

128



Teonowiin acyyaryya 21 NeO1 (574) (2022)

Amurr MaATMaABIH TOCAYYAHHH YH3 LU9HHMH TOOLOOAOA,

CTaHJAPT, apra 3yH, X3P3rA3d XyyAb 3PX 3YHH OPUYHbI OHOOTHHH

6anaanr

1_[ .CapquHMar*,

Awuzm maammanom xoporeuiin ymnsaessnuii MOHBAA xopoo

#* Xoa6oo 6apux soxuoru: I'l.Caparaumar,
AIU"['T MaATMAaAbIH XSPBHI‘"I;H YH.?/\FQSHH’;
MOHBAA xopoo

H-moiia: saranchimeg@monval.mn

Xypaanryit

[eororniin MHMHKASX yXaaH, OPYHH YEHHAH TEXHOAOTHHH TYCAAMKTairaap TEOAOTHY,
XaUryyAunz, G4z raspblH XSBAMH JOOPX aIMIT MAATMAAbIH GasiAar, HOOLHHAT HAPYYASH,
TYYHHH TOO X9M:Kd3, aryyArbil TOZOPXOHAOXbIH TYAZ, 9P3A XaHTYyAbIH Ye IIaTaac
9XABH yypXaHH 6yT99H 6aiiryyAarT, OAGOPAOAT, YHAABIPASAMHH Ye AT XYPTOA 30XHX
CTaHZAPT, :KYPMbIH Aaryy TEXHHKHHH GOAOH 9AWHH 3aCTMHH YHOATI9HHUH a:KAYYZAbIT
TOAOBAGH, I'YHUDTIOH XUHK, YP AYHI TaHAarHazar GHAD.

OpsA XalryyAbIH azKABIH Yp ZAYHZ TOTTOOCOH X3THAH TOAGB GyXHi 0pz raspyyabir
(Tecauitn) oaMAH 3acrMHH 3PraAT3/, OPYYAAXblH TYAZ YHS [ISHHHT TOOLOOAZ,
M3293A3X 3alAIYH 1aap/aaara NPAKTHKT YYCAST. YHS LISHHEH Taraap YHIArDD XHiH
ZIYTHOAT TapraxaZi ‘TeOAOTMMM CAHXYYTHAH GYT93IZDXYYH, XyBbllaa, YHOT [AacHbI
Taraap YHOSATDD XHIAH AYTHOAT rapra 4ajzax yy? CAHXYYTHAH MHMH3949Hz Aummurt
MaATMaAbIH XOPOHTHHH OHIIAOTMHH Taaap X3p M3JASIT3H B3P T[3C3H acyyATYyZ
6aiiHra rapa HpPASI.

OHaXyy IaapaAaraap CaHXyy, S/MHH 3acar, XOpOHTHHH 3aX 399AMHH IIMHABIP
raprarduz, XepeHre OpyyAardzaz 30pHyAaH TyXafH allMIT MAATMAAblH TOCOA OPADIT,
OPADBIT AlIMrAAX SAUAH 3aCTHHH YHD LSHUAI TyXaHH TOCAMHH Ve IaTaac XaMaapyyAaH
TOOLIOOAZK, M3ZI99A3X, TalAarHax, AYrHAAT raprax sopuaroop 1996 omooc yya yypxait
enzop xerzcen Abcrparu, Kamaz, AHY, Owmuen Agpuk 33psr opuyya Aumwrr
MaATMaAblH XOPOHTMHH YHOAT99HHMH CTaHAAPT, KOJAEKC, 2KypMbII GOAOBCPYYAaH
HHAT99PD3 JjaraH MOPZOs XdPITAIX GOAKDI.

Onon yacas XepeHruilH 3ax 33904 OAOH HHHATI3C XOPOHT® OPYYAAAT TaTaH
TOBAGPYYAX 30pHAroop auxzard yuaT maac 1PO raprax, xepenre opyyranTbi 60r0H
XyZlaAZlaaHbl X9ALDA, XaMTapcaH KOMIIAHHH 9P93, XDAUIA XHHX TyAryyp OGapum:aa
60A0X YHD LI9HHMHAT TOZOPXOHAOX, XyBblaa 333MILMIY, JAATIaAbIH KOMIIAHHUJ 36BOATOO
Orex, CAHXYYIMHH TaWAaH, TaTBapblH TaWAAHZ TycraX VH® LSHHHT TOZOPXOHAOX,
XOHZAOHTHHH NIMHAK99UUIH ZYTHOAT raprax 39par OAOH 30PHAr00p ANMIT MaATMaAbIH
TOCOA/OP/bIH YHIATT 39X CTAHAAPT, KOAEKC, :KypPMbIT GAapHMTAQH MIPII:KAHIH
IIMHZK94, MIPIILUICOH YHIATIDUM/A XHUHzK I'YHUSTraAsr GalHa.

Aumrt MaATMaAbIH XOPOHTHHH YHOArasHH# axAyys Hb Monroa yacein Xepenruiin
YH3Ar93HHH Tyxail mmusuAsracsn xyyab (2022), Aummrr martMaibi Tyxail XyyAb,
YuaT maacHbl 3aX 339AMiIH TyXalt XyyAb, Kommammitn Tyxait xyyab, Camxyyruie
30XMILyyAaX XOPOOHbI GYPTIIAHEAH 2KypaM, XepeHIMHH GHP2KHAH GYPTrIAMHH Kypam
33p30 XyyAb, 3pX 3YHH aKTyyzaap soxuuyyAarazar Gaiina. Oueempuiin 6Gaiizraap
Monroa yacas AumKMIT MaATMaAbIH YHOA93HHH KOJEKC, YHIAI®9HHMH apra 3yi,
M3PrazKAHHH OPOALOTYZBII GIATIIX CYpPraAT, OAOH HHHTIJ TaHHYAAH CypTaAuAax,
TOPUIH GOAOH MIPraKAMiAH GalIyyAAaryyZblH XaMTbIH a:{HAAAraa, OpOALOOr XaHrax
39par amAyyapir Amurr MartMarbi xepenruitn yuaarasuuii MOHBAA xopoo up

XapUyLaH a:KUANAZK GadHa.
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IIIYA, Oaon opon, Ieopusuxuiin xypssasn

Xypaanryi

Yr amabm roa sopuaro b MoHroa opHbr 6yc HYTTHHH LapUAachiH ye AaBXapryyzaap
P zoaruon Tapxax 1D xypaubi sarBapbir Toonmox apradranbir TamumayyAax oM. Hasr
X3M2K9ICT Xyp/HbI 3arBap rapraz aBaX Hb rasap XOJAAOATHHH TOAOMTbIH GalpAaAbIr,
SIAAHTYsla Tasap XOJAOATHHH TOAOMTBIH I'YHMHI HApHHH TOZOPXOHAOXOZ UyXaA Yypar
ryitustragsr. Cyzarraamst amuag muit 271 cramn ammraaracan. 2010-2020 oust
xooponz p=44°-50% A=90°-113" rar6aiig marnurys MI>2.5 6orou Tyymssc assm,
TyXallH XOAAGATHHT TOHPCOH CTaHLyyaAblH XoopoHabiH 3ascap 6Gyroy GAP<180°,
xamruitn 6arazaa 12 crammag 6uunracsn 6aiix YHACSH WIAATYYPYYABIT XaHTacaH
10782 rasap xeareatwiir comrom apu cyzairaanz ammraacan. CyzaAraanbl amuAz
amMraargaz GyH [POrpamMblH  Xs3raapAaAT GOAOH CyZaAraaHbl yp /YHD XsiHAX
30PHATOOp Z93PX XOJANOATYYAMHAr 4 Xxacsr GOATOH XypAHbI 3arBap XalXaz alIMIAACaH.
Orerzon Tyc 6ypssp VELEST nporpam np xypamb: 3arsap 60A0H cTaHIbIH 3acBapbir
Toowsor 6a YYHHHT TyxalH 6yc HyTarT XaMrHHH CaflH TOXMPOX HAI' X9MKIDCT XypZHbI
3arBap ra H3PASASr. P 0ATHOHBI 6YPTrarzCOH XyrallaaHyyZbIr alllMFAQH CTAHIIbIH
3acBap, XypAHbI 3arBap, rasap XOJAOATHHH TOAOMTBIH GaHpAAAbIr ypBYy 604A0TO
604yyAK, a:KUrAArAcaH GOAOH TOOLIOOAOTACOH TAPXAATbIH XyralaaHbl 36p66 XaMIMHH
6ara GaliX MIMHAWAT OACHOOP TyXaWH 6yC HyTarT XaMIHHH CalH TOXHPOX XyPZHbI
3arBapbIl rapraz aBjar. OJHAXYy cyaairaaHpl xypasHz Vlomroa opmer 6yc Hytart
Toxupox 8 yeTsH HSI XOMK®ICT XypaAHbI 3arBapbil rapraz aBcaH. YT XypAHBI

* Xoa6oo 6apux zoxuoru: N\.Capannsusr, 3arBap Hb VIOHTOA yAChIH HyTar z3BCrapT 60OACOH rasap XOAAOATYYAMHH TOAOMTBIH
LIIYC, Ounon opon, I'eopusuruiin xypasrau 6alpPAAABIT HAPHHBYAAQH TOZOPXOHAOX, TOMOrPa(blH CyZAaATaaHZ aHXJArd XypaHbI
H-moaiia: sarantsetseg@iag.ac.mn 3areapaap allMraaraax 60AOM:KTOH IOM.
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Abstract

Providing optimal design parameters of open and underground mine openings is the
final goal of the design of any geotechnology. Justification of parameters of mine
is carried out taking into account critical analysis of factors influencing their final
stability. The main ones are petrographic types of rocks and their physical and
mechanical properties, presence of different-scale structural defects, stress-strain state
and hydrogeological regime. For rock massifs structural disturbance is a determining
indicator of the stability of mining designs.

Recently, televiewer logging in optical and acoustic variants has been increasingly used
to evaluate the structural structure of the array. It has a number of advantages, the
main of which are: continuity of measurements along the entire borehole length; study
of rocks in their natural occurrence, having undergone minimal mechanical impact; high
accuracy and speed of measurements; possibility of automated processing of obtained
data. The integrated use of televiewer logging results and borehole core documentation
provides the most complete and accurate structural and geotechnical data needed to
design and optimize mining designs.

We used this technology to study the structural structure of the gneiss massif hosting
the Catoca kimberlite pipe (Republic of Angola), as well as the deep horizons
of the Udachnaya kimberlite pipe (Yakutia, Russia). Based on the results of the
interpretation of well logging, we obtained comprehensive data on the structural failure
of massifs, including: the elements of fractures; the predominant types of fractures; the
main fracture systems; rock massif quality, expressed through the RQD and fracture
frequency per meter. Using such parameter as acoustic wave amplitude, the strength
characteristics of rocks were evaluated. As a result, databases of geotechnical data are
formed, on the basis of which the calculations of the stability of mine workings are

made, and the rating parameters of the massifs (RMR, Q, MRMR) are determined.

131



Teonowiin acyyaryya 21 NeO1 (574) (2022)

Computer vision for identification of petroleum-bearing zones

while drilling
Batbileg Tegshjargal®

Exploration Department, Petro Matad LLC

Abstract
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Characteristics of subsurface formations that accommodate different types and volumes
of energy resources are identified and assessed through, but not limited to, the mud
logging while drilling and the petrophysical analysis after a borehole has been drilled.
Although the petrophysics provides most detailed information about the formation
or reservoir being evaluated, the mud logging provides near real-time evaluation of
formations being drilled. Mud logging, moreover, involves monitoring of drilling gases
(i.e., C1-C5), toxic gases, pressures, and analyses of drill cuttings. This study focuses
on the latter analysis in which rock chips crushed by drill bits and brought to the
surface with drilling fluid are described and further evaluated for hydrocarbon shows
as drilling continues.

In this study, an image segmentation workflow is proposed for automatic identification
of reservoir lithology and quantification of two textural features of drill cuttings - grain
size (¢) and sphericity (V). Traditionally, these features are described qualitatively
thus subjective. The workflow consists of five stages that begins with image data
acquisition. It is followed by data preparation stage that involves manual annotation
of individual minerals on the images of cuttings. Furthermore, filters such as Gabor,
Canny, Roberts, Sobel, Scharr, Prewitt and Gaussian are utilized to extract meaningful
features in the preprocessing stage prior to designing, evaluating, and tuning the
four supervised machine learning models that are Support Vector Machine (SVM),
Random Forest (RF ), Extreme Gradient Boost (XGB) and Convolutional Neural
Network (CNN). To quantitatively evaluate ¢ and W, image processing techniques
called edge detection, thresholding, morphological operation, segmentation or instance
labeling, and touching-border removal are used.

As the result, out of the four algorithms experimented, XGB and CNN showed
adequate performances, with mean accuracy of 88% and micro-average AUC of 0.91,
respectively. These results are indicative of promising applications of computer vision,
in other words, machine learning for identification and evaluation of hydrocarbon-
bearing formations during drilling operations.
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2

Xypaanryit

Ons amurs Yiaau6aatap XOT OpYMMZ, OPIIMX HASBXTOH XarapAyysd A93p XMHCOH
CeHCMHK X3MKHATHHH Yp ZAYHTYYZ 6a TSAT93PHHH TAHAAYYADBIT Y3YYACSH. X33pHHH
XSM?KHJ\THﬁH ererjiaeec CeﬁCMl/IK XypZAHbI 3arsapbir TOﬂ,OpXOﬁJ\OXbIH TyAZL apra
BYﬁH CcyZairaa Xl/lle?K axucaH TGBLUHPH‘/‘I MaTEMATHKT TYAryypAacaH J3BIIHATIT aprbir
HIBTPYYAC3H. YT apra Hb myyz 6a ypByy 3arBapurai IacaH 2 Xacrasc Gypazsr, HIIT,
TercreAer SACMeHTHﬁH apraz, TyAryypAacaH TOOLIOH 602[0)( MaTeMaTHKHﬁH apra BYﬁ
AIIMIAQH CHHTETHK OrerJAMAr 6074COoH 6a XOEPT, UTraX-My:KMHH apraz TYATYYpAAcaH
OHOBYAOABIH aATOPHTMAAp arKMIAACaH OrerJAMHI TaHAGapAazK vazax SUCHHH 3arBapbir
rapraH aBCaH. yl" J3BIIHUATIT aprbir alllMrAaCcHaap 3arsapbliH HapHﬁB‘-U\a}\ CTaHZapT
apra 3yH allMrAacHaaC YHOMADXYH caikupcaH 6ereej OPYHbl OHJOPIIAMHH YTIbIT
OpYyAZ OICHOOp PeAb(IIC XamaapcaH arzaar OYpoH 3acBaprax GOAOMIK OATOCOH.
CeﬁCMHK XypZHbI 3arsapyyz Hb HASBXTSFI rasap XBMG]\HEH XarapAbIH reoMeTp Ga
MOP(OAOTUHH LIMHK YaHAPBIT OYPSH AYPCOAK Y3YYACOH 6erees yr apra syir Laaniuz
HH:KEHep CEHCMOAOTH, ra3ap XOAAOAHHH AlOYAbII YHIADX CyJaAraa TOAMHIYH GYXHH A
TOPAMHH 6ara I'yHHH XaWryyA/, aliuraax 6ypsH GOAOMIKTON Iazk ys3a:k GaiHa.
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Xypaanryi

Cynanraaunt tarGait np Apxanrait aivruiin [{axup cympm  uyrart opumx Mecr yya, Basicrarant
VYA opunM xampax 6erees Tapparataii 6AOKHHHX00 ypa X3CAIT opuMHO. Pervonaib cTpyKTypbIH
XyBbJL MOHFO/\ OPHbI TEKTOHHK AYYPIr4AdA33D yMapﬂ, MOH"O}\b‘H aTpuaT My?K“ﬁH TGB MOHFO]\))IH
maccuB zaxb |ac-Zlapxazbm arpuar merabycaz opumx |appararaiin 6aokz xamaapHa. /Jlyypruin
TEOAOTHIH TOTTUBIH XyBbZ Xoilz |opxuiln roabm carbap xarapraap xsmaracan —Mect-Yyabm
aHOPTO3HUT, rab6PO-aHOPTOZHTHIH TOMOOXOH GHET HAP3X 6Oreej yr YyAyyATHHH TapXaiT Hb TaGaiH
HX3HX XSCTHAr 933X 6a Heoapxeil nactail Masp meraxommrekcnir sycas Torrono. Tapxuitn roabm
ypa xacartss MecTuiln  aHOPTO3HT, rab6p0-aHOPTOSHTDIH KUAKHT GHET, TYPYY OPJOBHKHAH | 9AMIH
6YpAAMIAN rpaHHTOMZ, XOKYY TepMb-Typyy Tpuachin [1lap-Ye roa 6yparuitn rymuit uyayyaryyaaac
TOrTOX 6a XHA 3aarMiH TOJ SIATaaryi 6a 6ep XOOPOHZO00 SPC SArapax TOITOLTOH LArapur MasrTHHH
X9A63pToH OYASr GUETHHr YYCraHD.

Hasp 6yparuitn meTamop( dyAyyAar Hb cyzarraanbl TarGaiin GapyyH Xxoils, G0AOH 3YYH ypJ, Xacrasp
Tapxax 6a TpaHHT-THeHC, AMOPUT-THeHic amM(uGOAUTOOC TOrTOHO. 1ypyy OpaoBukMiH TsAMaH
6yparuitn rpanutons b 1l (pasaac Torrox 6Gerees | das: ayma mexaert ra66po, ra66poamopHT,
anopur, 11 das: ayHA Mexrert rpaHoAHOPHT, TOHAAMT, rpaHMTHIH TapxaATTai. Jlyna mepmb-Typyy
tpuacbin Hactain [llap yc 6yparmita 1 as: 6mOTHT-9BIpXyypMart TrpaHMT, KBapLUAT CHEHHT,
rparocuennt, [l gas: suzur MOXAOT, GHOTHTOT IPAHUT IPAHUT, TPAHUT MOPPUPOOC GYPAIHA.

Bua Tapsararaii 610kuiin emMHes X9CorT TapXarTTail | 9AMSH 6YPANMIAH MeTPO-FeOXUMHAH OHLAOTHIT
torroox sopuaroop 10 assuuz dyryyaruitn ron mcamitH xumuin Haiipaarer XRE76V 6yioy
PEHTreH(PAYOPeCUEeHIMITH, capHUMaA 60AOH raspbin xoBop srement (['XD)-mitn xumuitn Haiiprarsir
ICP-90A wmacc crektpomerpuiin 6arax Toxeepemzsyyassp Mouroa aaxe [llsefiapbm xepenre
opyyrartrait Jc u Dc raboparopus XHiAraK, rapcaH yp AYHT CTAaHZApPT apra, apradAaiblH
aaryy 60AoBCpyyAaB. | paHHTOMZ HyAyYATHHH 9pASCAST GYPIAIIXYYH, CTPYKTYp, TEKCTYPbIH
onpproruiir «Hukon» mapkuiin Tyiiammpcan rapauitn muxpockonoop cyaanxk LIIYA-uitn reororniin
XYPO9ASHIHHH NETPOrpa@uilH AabopaTopuz IYHLDTIICHH.

Mecruitn ayypsrr tapxanrrait Toamsn 6yparmiin 1-p dasbm yyayyrar ub ra66po, ra66poamopur,
JMOPHTHIH GYATHEH YyAyyAraac GYpAsX 6a TOANOX SpJCHIH GYpaAISXyyHA maarHokaas 35-65%,
enrer spasc 25-35% /mupoxcen, amu60A/, XOEPAOIYOOp XAODHT, SIHAOT, LOHSHT, COCCIOPHT,
AKLEeCCOPOOp LIMPKOH, aIlaTHT, MATHETHT 33PST dPACYYAIIC TOITOX Ga SPACYYAMHH OHIO, XIA63p
TOPX, XyBaarZa, TOPAHAH XyTapAbIH MATIOMY 33PST OHIAOTYYZ TOCTIH IIMHAKHAT Y3YYAHD. | 9AMIH
6YparMiin 2-p (asblH UyAyyAar Hb MeTporpaMill HafpAaraapaa OHPOALOO TPAHHT, TOHAAMT,
IPAHOAMOPUTBIH OYATHHH 9yAyyAraac TOAYAOH Oypasx 6a dyAyyaar GYpAYYASIY TOA 3pA3C Hb
IAArHOKAQ3, KAAHAH X99pHIH 2KOMIN, KBapll, OHreT 3pA3C GHOTHT, XOEPZOrv00p SIHAOT-LIOM3HT,
XAOPHT, CEPHLMT, TOMPUIH YCAAr 3PACYYA, aKLECCOPOOp LMPKOH, arlaTHT, XOBPOOP C(PeH L166H TOOHDI
XYZAPUHH 3PJCYYAIIC TOITOHO.

Mecruitn zyypsrt Tapxarrrail mareosoitn Taamsn Gyparuitn 1-p (aspim ra66po, ra66po-anopur,
ZMOPHUTOZ, LAXUYPbIH HCAMHH (SiOZ) aryyara 45.12-59.55% xoopona, xemrenuaraaubt (Alzoa)
16.34-17.52% , Tempuiin (Fe,O; mmirr Fe) 5.48-9.29%, wmarmuiin MgO (2.79-9.64%),
karvimitn CaO(4.99-11.88%)  wmcayyamiin  emzep aryyararaii 6a KaAM-HATPHAH IIYATZKHAT
(Na,0) 1.58-4.14%, (K,0) 0.38-2.71%, MnO (0.1-0.17%), TiO, (0.71-1.25%), P,0,
(0.12-0.22%)-uitn mcayys xapbuanryii 6ara aryyaratair rortoos. Jlessyyasa raspbi XoBop
snementuitn ([XD)-uitn muitnbap 56.09-129.09 r/t aryyararaii, raspbid XOBOp XOHTOH IAEMEHT
6a raspbin xoBop xyHz aaement (Xeol X3 /Xyl XD)-uin xappuaa 3.0-11.9, (La/Yb)N 2.3-17.67
xooponz Gaitma, Yyayyaruitn [XD-uitn aryyArbir XOHAPHTOZ HOPMUMACOH aryyAraTail Juarpamm
6Gaiiryyraxaz aaamyya Xel XD-a3p 6asscan, Xyl XD 60r0x Gd-Lu xyprarx srementyya saumryit
6yypcan Tepxtail zura Tapxarrtail 6a Eu-miin onurox ramumaryit Gaitna. Uyayyaruiin capauman
SAEMEHTYY/JIMHH XyBbJ, SAMEHTYYZHHAH aryyArbir anxzard mautaz Hopmauacod (Sun, McDonough,
1989) cnaiinep auarpavv 6Gaiiryyaaxaz mombt paauyc tomroit Ba, K, Sr sremenrssp 6asuxcan,

enzep uanartsit Nb, Nd sremenrasp 6yypcan tapxarTbir ysyyams.
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Toavisn Gypaniin 2-p (aspm rpanur, Tonarut, rpasoguopuros waxuypem ncauin (SiO,) aryyara
73.51-74.79%, xeuren uaraaubi (ALO;) 13.61-17.35%, xau-uatpuiin (Na,0) 3.9-4.24%,
(K,0) 2.54-4.91% wucayyamitn enzep aryyrataii Ga Tempuiin (Fe,O, nuitr Fe) 1.44-5.75%,
maramiin (MgO) 0.2-3.06%, xarvuuiia (CaO) 0.2-5.02%, manran (MnQ) 0.03-0.12%), turan
(TiO,) 0.13-0.2%, qocgop (P,0,) 0.05-0.21%-uitn ucayyamiin Gara aryyararaii. Joozsyyasa
I'X3-uitn unitnbap 85.04-144.08 r/T aryyararait, raspbiH XOBOp XOHIOH IAEMEHT 6a Ta3pbiH
X0BOp XYHz dAemenTuitn xapbuaa 7.77-11.13, (La/Yb), 8.84-14.07 xoopouz Gaitna. Uyayyruiin
['’XD-niln aryyArbr XoHAPUTOJ HOPMUMACOH aryyAraTail auarpamm Gairyyraxaz assxyya 1-p
(asblH YyAyyAraTail WKHA TapXaaT y3yyAsx 6a Eu-miln cyaxaH ceper razua y3yyACSH OHLAOITOR
6aiina. UyAyyArMiiH capHHMaA SAEMEHTYYAHAH XyBb/, SAEMEHTYY/MAH aryyArbIl aHXZArd MaHTHZ
HOPMHHMACOH Cliaiiziep auarpamm Gairyyaaxaz uonbl paguyc tTomtoit Rb, Ba, Th, K, Pb arementasp
6Gastxcan, enzep usnartait Nb, Nd siayypcan Tapxatbir yayyans.

rPaHHTOMb[H YYCC3H re0IMHaMHK OPYHHI TOZPYYyAaX 30PHAT00D Y-Nb, (Y+Nb)'Rb, (Ta+Yb)—
Rb 6a Yb-Ta 3spsr aieventyyamiln aryyArblH —XSM:K99HZ TYATYYPAQH —/AMCKPMMHMHALMHH
JAyarpaMmyyabir 6aﬁryyf\aw 6YX ZI939KYYZL TAAT YYAbIH HYMbBIH TPDAHHTbIH T€OJAHHAMHK HOXLOAJ
YYCCOHMHI XapyyAHa.

Js3px netpo-reoxumuiitn yp aAyHresc ayrsx yssxag MecTuiln aAyypsrT TapxaATTail mareosoiH
TPpaHHUTOH/, Hb L“DXOI‘:U\DT‘L“Y}\T}\BF MarmMbIH 3X YYCBSPTS;‘, XOHI'6H LaraaHaap JAyHJ, 33p3r XaHacaH
(ASI=0.7-1.09), I-TepauiiH rpaHHTOMABIH METPO-TEOXUMMHH IIMHAKMHT HMAIPXHMHAK OaiHa.
[panuroun aax» Ba, Th, U, Sr -uitn euzep aryyara, Sr /Y xapbuaa (14.35-67.81) enmeprsii,
Nb, Ta 6a Ti, xyna XD -miin 6ara aryyara 3spsrt YHASCASH Cy6AyKUbIH GYCHEH Marmbii

6YTI35XYYH GOAOXBII HADPXHHAHS.
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Eatbin gaBaa 6oaon Myxap-Yya opumbin meTamopd 6oron

HHTPY3HB YYyAYYATHHH NeTPOrpadu, reOXHMHHH OHLAOT

(Taprararaii 610x)

B.I'om6oa0p:x, [1.Canunp, H.Tynrarar*

Y A-uiin Teorozuiin xypasasm

* Xoa6oo 6apux soxmoru: H.Tynrarar,
LIIYA, I'eororniin xypssrsu

H-moiia: tungalag@mac.ac.mn

XypaaHryi

Cyaanrraanbt Tar6aii ub VoHroa-Aruyypbls apTHHH ZarafiH CTPYKTYpbIH XOHz 3axal,
Cubupuiin kpaTOHbI ©MHO X3CIrT Gaiiprax |apparaTaiin GAOKHAH TOBZ OPIIMHO.
[eorornitn Torrupin xyBpa xawmruitn xermmH wnactaii Vasp wmeramopd 6ypasa,
HEOINPOTEPO30HH aHOPTO3HT, rab6po-anoprosuthi Mect 6ypasa 60A0H mareosoitH
rpaHUTONs, 6YPAAYYADIC TOTTOHO.

Cyaanraanbr Tar6aiig neoapxeiin Vasp 6ypasa ub manssz eprem Tapxaarrait 6a

6apyyH-ypaaacaa 3YYH-XOHII HUMTASATOH CYHacaH CTPYKTYPBII YYCT9COH YAZSLASA
rapmyys 6afizraap TOXHOAZOX 6a TPAHMT-THENHC, JAHOPHUT-THEHC, aMPUGOAMT 60AOH
MHIMaTHTaaC TOITOHO. |apBaraTailH GAOKMEH cyypuwir xamruin sptauin Masp
METaKOMIIAEKC 6YPAYYAZSr 6a XOH:AMHH TOABIH OPYMM/ HADPCOH HaPHOKUT THeHCZ
2520-2550 cas awun (Kruner et al., 2015), rpanur-rueiict 2219+25 cas xurssp
(Kozakov et al., 2011) Torroorzomx neoapxeiin, susxyy meramopd 6ypasa ub ra66po,
ra66p0-aHOPTOSUTDIH YYAYYAraap 3yCIraasr 6a XeHKAHHH FOAbIH MaCCHBAAC aBarzcaH
uyayyrart 1784 = 10 cas :xurs3p TOrToO2K MareonpoTeo30iH HacTail 60A0X Hb TYC TyC
6ararraazscan (Anisimova et al., 2009; Kozakov et al., 2011; Temeproroo, 2014).
Bua FEarom aasaa 6oron Myxap-Yya opumma Tapxarrrai Masp 6Gypaaniin
metamopd 60ron Mectuitn aHopTO3UT, rab6P0-AHOPTOSUTBIH IPAICAIT GYPIAAIXYYH,
TOATI9PHIH YYCY XOIKCOH 3YH TOFTOA, T€OXHMHAH OHUAOT IIMHK YaHAp, 9X YYCBIP
60AOH T€OAHHAMHK HOXLUOAMHI TOAPYYAK, 39PIOAZD TaAGaHz XMHIACOH CyzairaaTal
XapbllyyAaxX Cy/Jairaar XHiK TyHISTrIA9S.
Cyaanraanpt yp aymrasp Masp wmertamopd 6yparmiin rpamur rmeiic  60r0H
aMQUOOAUTBIH 199:KYya Hb HoHbl paauyc Tomtoi arement (LILE — Rb, Ba, Th,
6a Pb)-39p 6askcan aryyarataii, xapun enzep usuarraii saement (HFSE — Nb,
Ta, Ti)-a3p smyypcan Topx ysyyams. MecT yyabin ra66po-aHOPTOSHTBIH 799:K Hb
nonbl paauyc Tomroit axement Cs, Ba, Th- aap 6asuican, xapun enzep usnsrrait 6yx
SAEMEHT?9p 2KHI'Jl X3BT93 TapXaATbI Y3YYA GailHa.
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XulMOPT 0OBOO OPUMbBIH MArMblH YYAYYATHHH IETPO-TeOXHMH,

yuamaaxyi nac (bBasanxonropein 6ycmiin 3yyn emnes xacar)
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Xypaanryii

Cyaanraanbt Tan6aii vp Ymapa Monroabm oporen my:xumitn Hyyp-Tapsararaiin
OpOTeH TOTTOALIOOH7 Xamaaparzax Dasmxoroppm Teppeiinz 6aiiprama. ['eonormin
TOITUBIH XyBbJ, TaAGaHH XOM:K99HJ aHIUAAIZAaryd HeONPOTEPO30OHH MeTamMopQ
3ys3aarar, HeolpOTeo030i-7007 KeMbpuiln OASHATION (OopMaUbIH  Xypaac, /A337-
ayHz kembpuitn rpanuTonz GypAsA TapxaATTail. Duz cyzaAraambl azkraapaa eMHOX
3yparAaAblH amAyyaaz rab6poroop syparaargazs Gaiican XHHAMOPT OBOO OPUHMZ
IMH9P MeTa-rab6po, yearsar rab6po 60AOH MUPOKCEHUT Hadraar OAK HAPYYACOH 6a
3Ar33p Hb OAOH TOOHDI MapaieAb rab6po-zauabas, rab6po-nmopGUEHUT, MAATHOTPAHUTBIH
CyAAyyZAaap X3pUUrAcaH GaiHa.

Tyc Tarbaiiz Tapxcan cyypurar naifipraratail uHTpy3uB uyAyyAryya (ra66pouz) Hb
MgO 4.89-7.21 zun.%, CaO 8.93-12.08 :xun.%, AlLO, 14.51-20.26 2xmm. %0,
Fe,O,(t) 5.48-8.54 2um. Y0-uiin eHzep aryyara, SiO, 47.43-52.1 2xum.%, TiO,
0.35-1.19 xun.% 6Goron myrtuiE HHIAGDD (Na,0+K,0) 2.37-4.64 axun, Y0 -
MHH XapbLUaHryd 6ara aryyaaratail 6aix 6a MapareAb JAaHKyyZaap 3YCITACOH MeTa-
ra66poruiin (a992-M16-228) SiO, 44.53 xnu.%, TiO, 0.05 2xum.%, Fe,O,(t)
2.77 wun.% 6orou myaTuiin HUEAGP (Na,0+K,0) 1.18 aiun. %0 -uiH xapbUaHryi
6ara aryyaaratail 6a xeHreuuaraad 60i0oH Kaabimraap 6asxcan (CaO 16.22 amm. %,
AlLO, 24.62 xmm.%) 6Gafina.

[eoxumuitn xyBbs Mera-ra66po (a9 M16-228) ub raspbi XoBOp dAeMEHTYYAMHH
HalipAaraapaa HuA®37 6Gara 6yroy C1 XoHzpuTTOH OHPOALIOO aryyaarataii — 6a
> REE=6.72 ppm, engep usnsrrair (Th-0.1 ppm, Ta<0.5 ppm, Nb<1 ppm, Zr-
0.5 ppm, Ti-0.03 :xun.%) 6orou sapum mar xyHz raspem xoBop srementssp (Ho-
0.05 ppm, Yb-0.2 ppm) masxaracan, xeuren raspom xosop siementyya (La-1.3
ppm, Ce-2.7 ppm, Pr-0.24 ppm), xyna raspem xosop aamentyys (Tb, Er, Tm,
Lu) 60r0on monbr paguyc Tomtoit aremantyys 6or0ox Rb, Ba, K, Sr, enzep usnarrait
Hf 33psr saemantyyassp xappuanryit 6aszxcan, Eu-uitn sepsr razua ysyyax 6aiina.
XulMOpT 0BOO OpYMM7 NIHH33p SIATAcAaH MeTa-rabOporuitH yHaMmAaxyi Hachir (12
mmpxar uupkon) U-Pb-uiitn apraap 589.6+2.4 casi.zuur 60A0XbIr TOrTOOA0O.
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Xypaanryi

Cyaanraanbt Tar6ail ub Tes Monroabin xofta xacart opumx Tappararailn 6Aokuitn
TeBz 6Gaiiprax 66rees PErHOHaAb CTPYKTYpblH XyBbz  VIOHrOA OpHBI TeKTOHHK
2Ayypardaaaasp Ymapa Mouroabm atpuat myzxuitn 1es Monroabm maccus zaxb Tac-
Japxaapin arpuar merabycas opmmx | apsarataiin 6aokz xamaapna (Temeproroo,
2017). I'eonoruiin TOrTUBIH XyBbZ TOMOOXOH Xarapaaap 3aarAariicaH €ep XOOPOHZO00
siaraatail reororuiin Torroutolt. Jeaa Llsuyyxuitn Tar6aiis xamruiin XermmH xypaac
Hb neoapxeiin Masp 6yparuiin meramopd dyAyyaar H3A37 epreH TapxarTTail 6a
6apyyH-ypaaacaa 3YYH-XOHII YHIADATSH CyHAcaH CTPYKTYPBIT YYCT9C3H TOMOOXOH
rapuryys 6afizaaap TOXMOAZOHO. DAr99p Hb IPAHUT-THEHC, ZUOPHUT-THEHC, aMPUOOAHT,
MHIMaTUT 6OAOH, KBApPUUTHIH Y€ M3IIAYY/A33C TOITOHO. | a66p0-aHOpTOSUTBIH GYpA3A
b Masp 6ypasaTsiirss Toxpoa xarapraap XUAADAST.

Lloxuotbn am opunmaoo Taaman 6yparuiin 1-p (asbi dyAyyrar epren Tapxarrtai
6a JAYHA-TOM IIMPX3IT3H rab6POAMOPHT, AMOPUT, KBApLUAT JHOPHT, TOHAAHT,
rPaHOZMOPUTOOC TOANOH TOTTOHO. |abaitn xofiz xacrasp 1ac 6ypamiin 1-p dasbm
r9:K syparaarjcal — AyHA-TOM MOXAOIT9H LadBap caapaa, sraaBTap OHIOTOH, Xap
ZyryiBTap KBapuart, GHOTHTOT IpaHMTaac TOTTOHO.

Bus Tapsararaitn epreraauiin Tes xscart 6aiipumx Lloxworpm-am 6oroH 937
LIs1yyX OpYMBbIH TEOAOTHHH TOITUBIH Taraap AYH IIHHKHAIDD XM, MaAe030HH
[PAHUTOW/, MAIMbIH YYAYYATHHH I€TPO-T€OXHMH GOAOH T€OXPOHOAOTHHH OHLAOTHHT
TOAPYYAAX CyZaATaar IyHLSTIoA93.

Cyaaaraanbl Tar6ails TapxaaTTait 1oAMaH 6ypAAMIH TpaHUTOMZ Hb KaAHaraap AyHz
33PIUHH OXOHAOT-IIIYATAST STHISHHH rab6p0-AHOPHT-TOHAAHT-TPAHOAHOPHT SBLIAMIH
dyAyyAar ZaBamraiAHa. 1sc GYpAAMAH UyAyyAar Hb KaAH OHZOPT3H IIOXOHAOT-
IIYATAST STHO3HHMH LIYATAST TDAHHTAAC TOITOHO. JAr99p TPAHHTOMZ GYPAAYYAHHAH
YYAYYATYY/, Hb LAXHypblH MCAMIH OHZOp aryyArataid, XeHIeH laraaHaap AyHJ 33p3r
xaHacaH, [-Tepauiin rpanuToNZ0A Xamaaparzax GaiHa.

[panuroxyys ub uoust paguyc Tomroit arement (MPTI: Th, La, Ce)-23p 6asixcan
aryyarataii, enzep usnsrrail aiement (OLID: Nb, Ta, P, Ti)-ssp saayypcan
FeOXHUMHHH OHIAOTTOH 6aitHa. ['eoxumuitn cyzarraaraap Taavan 6orom Tac 6yparyya
[PAHUTON/ YYAyyAar Hb CYOAYKUBIH 6YC37 LAPLAACHIH OPOALOOTOH YYCCOH Marmaac
YYCOATSH, CYOAYKL-KOAAMBHAH TeO0JMHAMUKHIH HOXUOAZ YYCCOH GOAOXBI HATISB.
Tsc 6yparniin raz syparaaracal WIYATAST TPAHMTBIH LHPKOHBI MexAerT U-Pb-ubr

M30TONbIH MHHAKNATD xuik 237.3 + 1.1 cas xuauitn Hactafir Torroos.

138



Teonowiin acyyaryya 21 NeO1 (574) (2022)

bym6aTbin TemMpuiin ckapHbI MAPIAMIH MHHeparpapuilH

cyAaAraaHg

0.Terc6oag, A.Owynzxaprar”

* MYHC, LIYC, I'eonozu, zeopusuxuiin manxum

* Xoa6oo 6apux 3oxmoru:
A.Osoynzxaprar, MYHC, ILIYC, I'eororn
TeOpUSHKHAH TOHXHM

H-msiir: Oyunjargal @num.edu.mn

Xypaanryit

Dymbatbi  TeMpHilH CKApHBI HAPSA Hb TEOTEKTOHHK OpYMH HOXUAMAH XyBbZ
Tapsararaitn meramopd 1yxyiin (6yc) 6yi0y GUYHA THBJ, MHHEpAareHHH aHTHAAAAAp
Ymapa Mouroabm merarnrorennt ux wmyuitn  Couruno-Tapsararait Muneparennt
6yc 6oron Opxon Consuruiln zaBxamMar MHHepareHbl 6ycyyzss Xamaaparajar.
Cyananraanbl TaaGallH TOB X3C3IT TapXaATTaill HEONPOTEPO3OHH HACTaH—MHIMATHT,
FaHTUTHHAH M3IIHA aryyAcaH epeHXHiZe6 HOTOOH, HOTOOH Caapai OHreTsi aMPuGoA,
aM@u60A-6HOTHT, OHOTHTTOH TAaACTAT 3aHap, THEHC, HOTOOH 3aHAPbIH 3y3aanar
(1500m.) rauTHriKCaH MOXOHKMH, SACIHUYAYY, allOByAKAHHT-3aHapaac 6ypacan 3X
CyHacaH, KHKHT XOHTPYy aTupaa yycrax, DX-50-55 xawmasp ymacan tKapraranr
(OpMall Hb XOXKYy /JEBOHbI TOM MOXAOIT IIUFTIO3AST TPAHHT, XOBPOOP IIYATAST
[PaHHUT, TPAHOCHEHMT KHKHMI-ZYHJ  IIMPXSIT AeHKOKPAT TIpaHHTaac TOFTCOH |ac
6YPAAIDP 3YCIrAAIIK CKAPHAKHX TIPOLECC SIBAr/233. Dymbarbin Tempuiin moxoiror
TOPAMHH CKAPHBI HAPIAJ MATHETHT, HPPOTHH GOAOH MHPHT Hb XYAPHIHH TOA 3PACIIP
reMaTHT, MOAMGJEHHT, XaAbKOMMPHT, HABMEHHT, TETHT GOAOH THAPOTETHT 39p3T
3pACYYA Hb 6ara TapXaATTail TOXMOAJIOHO. | OMPHEH Xyz9p Hb XOXKYy rapaA YYCIAT3i
KaAbLIMT 60AOH KBapUbIH CyAAyyZaap 3YCOrazsr. Slraasrap Tysarail caapan eHreTsi,
usomeTpAsrayy xoa63ptait, 37-10000 um-mitn xoM:k33T3H, 3apHUM  UIHITIO3A3C
mexaeryys Hb 3axaapaa 0-308um-uitn epremrsii remarturaap TypsracsH Gaiizar.
[Tupporun up sraaBrap 60p OHreT?H, LyA HALT TEKCTypTaid, CyHAcaH 36B OHII
x3A62pT3H 17-4530 um-uitn XaM:K39T3H MOXAGIYY/ Hb MAarHETHTBIH MOXAOT XOOPOHJ
368 6yc XaA63pTairasp sarapan Tortsd. CypASH Mmap OHreTsi MHPUT Hb TITII
OHIIOTT, /IOPBOAKHHAYY MasruiH xaA63pTai, 12-830 pm-unitn xamakaaTaH, YyAyyAart
IIUrTra3A3r99p opiiz, TyyHHiA 9-830 pm-nitn XaM:K33T3H HIMITIa9AST MOXAGTYY/ Hb
PETUTOOP TYPArA9:K MMPHTHHH ICeBAOMOPdO3bIr yycrans. Moanbaenur np HoroosTop
TyslaTail caapan OHreTsH, carbapAacaH, LyypcaH, SBASPCOH IOM IIHT TPUSMASTAYY
xaBTraiirar xaA63pTai Hb 40-999 um-uiin ypTTail YHACSH YyAyyAartaa IMMITrI3r93p
toxuoasono. Xyapuitn spacyyauiir 17-158 pm-uitn eprenrsiit ruzporéruruiin cyzaa

Hb 3YC32K XOXKYYy YCHﬁH KaAbLUHUT 60A0H KBapUbIH CyZJaA JaraH YycCdad.
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