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TablTehel.characteristics of spectarnal SkezZntdsnedf Landsat

Bands Wavelength, | Resolution, Bands Wavelength,| Resolution, Bands ' Central Resolution,
pm m pm m Wavelength, pm m

a‘ 1 0.43-0.45 1 0.520-0.600 1 0.443 60
9, 2 0.45-0.51 2 0.630-0.690 5 2 049 10
En 3 0.53-0.59 3N 0.780-0.860 . 3 0.56 10
é 4 0.64-0.67 30 3B 0.780-0.860 4 0.665 10
E 5 0.85-0.88 4 1.600-1.700 5 0.705 20
é: 6 1.57-1.65 & 5 2.145-2.185 ﬂ 6 0.74 20
g 7 2.11-2.29 = 6 2.185-2.225 E 7 0.783 10
2 7] 30 =
I 8 0.50-0.68 15 - 7 2.235-2.285 z 8 0.842 20
i 9 1.36-1.38 30 8 2.295-2.365 s 8A 0.865 60
g 9 2.360-2.430 9 0.945 60
g 10 8.125-8.475 10 1.375 20
E 11 8.475-8.825 11 1.61 20

12 8.925-9.275 90 12 219 20

13 10.25-10.95

14 10.95-11.65
useful for garnet , hypraaebde ne amtdercnalboBmmit
mi nerdlasuf f , 2008) . ORadioofmet e (MOSSTTER) dat a
Il mportant advantages opfarrteincoutlearsleyn stihnrge ei sV NIhRa t
could be an affordabl e easmdué¢f oact i viex m&SWh Rd bFe
l ithol ogi cal mappi ng reesspoelcuitailoiny ainmd drnive a&ahe
l naccessible regions s(pZahtainagl aedolLut.i,on2@IT4&bl
Ma s 0 u mi et al ., 201 7¢comBe®sed obal 13 <2eladt)r.al
Therefore, it can be S&p Rl ibachd$ 0o ii mplrwdrien gt hfeo
traditional geol ogi cabanmasp patn g2 Op rno caensds t Wir tele
satellite data, which rceasmollua iwsned (altabdie additi
cost . downl oaded for free fro
Unfortunately, only a(f tps :s/t/ugdl) cevainsth aBsaay st the edva/
mapped previously useagt hdamat @ a ssae mgivl g .
techniqgues wit hin t heT hteerorbijteacrtyi vef ofMobhbobki &
(Stolz 2008; Son et alp.oss2obli2;i tMun&hsUASETrERgt L
2019; Son et al ., 201 %enBonekt 220 . MmuRO02%pechAp
from this, the study bhAreholisesgiloalatemdppinndg hen(
Desert, which spans tbhoowmng@pokdihepsouitmeen &and
eastern parts of Mo n@ormp ane n T h Ameafl oyrse,s ( REA)
relatively spar se vegendat Soppoaanoypgctanrd mam h
ample rock exposure oliaviehiBeesn udgrnniread cowul d
provide an adequate burmsiitss f of rtehneot ar & & n shiansge
techniques. geol ogi cal map and thin
The Landsat Operationaslampdred.| mager (Landsat
oL I 8) mul ti spectr al data includes 11 spectr
bands with a spatial resoGBIQL @Gl CAFL SETmhH] N&6Bd
panchromatic band, hawvieongogi cscplaty al Araglbd ywam o
of 15 m and two TIR beads$ewhi plarttasofa tshpeat Galb
resol uti on of 100 m ((FTagh! é€TAolnu.r t Ad o antc® Atlive .
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Bayanshiree formation.
Sandstone, conglomerate, clay, marlstone

Sainshand formation.
Conglomerate, gravelite, sandstone, siltstone, clay

Manlai formation.
Conglomerate, clay, sandstone, marlstone

Ko
e

Tsagaantsav formation.
Tuff, tuff sandstone, argillite, conglomerate

Ulgii formation.

Khamar Khuuvur formation.

Sainshandkhudag

Trachyte, trachyandesite, trachyrhyolite, agglomerate

Conglomerate, gravelite, sandstone, siltstone, argillite

Del ovoot formation.

Andesite, dacite, tuff sandstone, tuff siltstone,
conglomerate, minor limestone, trachyandesite
Kharnuden formation.

I
108°40'0"E

Unclassified formation.
Andesite, andesibasalt, rhyolite, tuff

Tsagaansuvarga formation.
Sandstone, dacite, rhyolite, conglomerate

formation.

Unclassified formation.
Siltstone, siliceous tuff, schist, metabasalt

Norovzeeg formation.

Gneiss, granite-gneiss, schist, amphibolite,
sandstone, quarzite

Khutag-Uul metamorphic complex.

Gneiss, granite-gneiss, marble limestones,
carbonaceous sandstone, amphibolite, siliceous
sandstone

Kharangad complex.
Granite, granodiorite, diorite

Intrusive

L
Sandstone, tuff sandstone, siltstone, gravelite, limestone
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Kharangad complex (’Y‘ZNPZh)|

Khutag-Uul (PPhu) metamorphic
complex

The Silurian unclassified (S)
formation

— —

Norovzeeg (MP,,nz) formation

C

FigTh®. field photographs of the study area during
from Pal eopr eUuelr omedti amoKrhpuhtiacg compl ex and granite mass
contact between Tsagaansuvarga formation and siltstor
of the Norovzeeg format-rony( Ef DSi Gt a 82D, n e( Fs)a nipil ree sS M2n6e
KhutUaagd formatiofdal sample SM27

to Khonich Tdl ok masndvsiegu@n8e consists mostly
13 kml e@amgt h |t is thdjoi ntedf f wi tlhower and
Sainshandkhudag for matsiean meht sh acen wii ddted y o fdi
t wo me mber s Tsagadanamwbanga TheCy ar e cllms};lfil
uncl asssd)i edor(nrati on IBdumaedd daly) ,t  KKhukiht ¢ ¢
faults (Fig. 2, s) T$ ag adan snesvhasrsgda, ( €n d Basdbgiyn
(Fi g. 3B) i's spread ihoramastmadris arkhe asn@Idlmnemt
consists of thinanddesiutseu,af | ¢ a cciotnes,i smet af san
i nterbeds of t he schigstavelanands anddayt rFea gwi 2 h
rhyolite sequence I n the northwestern part
the study area, unegslsgdssi fMAeldE RCArLiBo MiNfDe rMdEUrsH O(DG
formati on unconformTaHoeI yfi el owenrk iwas carrie
Tsagaansuvarga formatik6d9 whdchMap 202@ahioc c
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TablMul2t.i spectral data wused in this stu
Dat a Acquisition Dat a Cloud cover
Landsat OLI 8 4/ 23/ 2020 0.0
ASTER L1B 9/ 21/ 2002 0.0
Sentinel 2A 9/18/ 2020 0.0
% Landsat 8 OLI ASTER SENTINEL 2A

Rayleigh
correction,
subset in SNAP

Radiometric and Atmospheric correction
in ENVI

Pre
processing

Layer stacking, pan-sharpening and resize

Principal component analysis (PCA)

oo
< Petrography and
§ Band ratio (BR) previous
= geological map
Support vector machine (SVM)
§ Lithological
g discrimination
Fi gFl dwchart of the met hodol ogy
Lpomsiturian, unclassithied o oymat b0 sy mmar iz
met amor sr31ic compl ex (lﬁl r'4 y uThar'gée{Pﬁ%W%tmfsr
pr 0 mp - d Ad 9 mainER" U SatnVg L |
complex in this area. M S ld  seentiong t pat,
t he for mer fieldwork\& [ A 4, i ' itfbl t
. %%I& i 5" Svhi THY wi'ls ohdlu
framewor k of the projegit| ecdihEg COmMPh! fRhLOR; &8Ff
the State Geological @I%dr?t' tAeteSrcaéreelgrfor# S
000 in the K sheet ofWe Q% .gcolla'sasifVY r e RS nhg e;
l atter fieldwork WaspraoChe'sesVien W hBdst e no
framewormlkhe ofbasement o lorFepﬁ’te An al i% PC/
K/Igg‘g:?)s(?s ngeotlhoegilézl?tad evs'q(’i‘ll%qpp%ngg tsgeggérj Rﬂ-ébhi
mineradpeajeoh implem%ln %%i fb_yC eEnhgn hnique
Institute of Geology,Pel\/l[orncggorh-drﬁﬂﬁyyAcgqﬁmy $O%fc t i
Sciences. edimentary, ,i.gneous, B an
The methodol ogy of muﬁ,byapepﬁgggtpagged}se s il
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mi croscope at t he Labwircdadloy y used Peitnroggi apmloy 0
Il nstitute of Geol ogy, maMomigrod i @Rovacmdemyg M&r s
Sciences 2016, Pour et al ., 2019)
band by another band (i
Preproceéedqii ngppreprocesdpasgd sna@gbspeobjyatt signa
i ncluded radi ometrical .and20 1&t) mo sBpahseerdi con t h e
corrections of the rawfdatoa kan da nfdo | mionverda lbsy, t
Gr aSc hmi d&s haRegreni ng mebhods thhaavte been gener at
sharpens multispectralTobaddastusiang, hiRphvaspati
resolution dat a (panch\rSd’rE&H|bcanblamd1t80fof (omar,\
band 3 for ASTER) i n tor diedcentto f gr eatrdobCah és r
with a spatial resoluspentod&l 1&bmor grtoiroMASTERI
and Landsat dat a, FLAaASHdI(dFdasLarmMd snots pB e Oel b :
Anal ysi s of Spectrald/ 7THyfpoerr caulbaeys,) alwlatsvi um ¢
performed on the VNIRodnd h®WIpR ebvai noduss usstiundgi e s
ENVI 5.3 software. CoLmacnedrsnaitn gOL$ e rdtaitrae If o R At he
dat a, t he radi ometriect, alat, mo2sOplh9e;r i @Qur haznidf et
resampling processes 20welr,e ¢ Carutt¢pkmaet cally 20
perfor med using t he whegntweneodnl| Appsedat hos m
Pl atform ( SNAP) soft wWwame s abty d&iS&A. ( The
European Space Agency) ( Ge et al ., 201 8;
Bentahar et al ., 2028 uppolrhtenVelc3 o b,a Mdik ihcoli e w
Sentinel wer e | ayer ssthacked | yoi mnentieid ebrya nwd
converted into ENVI. Afhteermopsrtepwiodelsysi ngedt Isu:
mul ti spectr al i mages hrevteh olbdese nf orre sliizteldo Ibed iweal
latitudést d 3AM3AAE | onAditnuidest al ., 2016; Ge e
108&30t o &O8AMhS5e final20ilgges Tohfe principle m
satellite data were Iimpoed edn aas hGepoeTrIpHFa nfei It én
into the ArcGlIS 10.7 isod¢hk waireg i an soetdeaf tpoosad
geol ogi cal boundari es.negati ve and maxi mi zes
these two cl asses (Pl at
Principal componientomaeRadfy si, s 2(0P2AA). SVM requi
t he mo st effective prreogiecsss n@f metmhedestof t h
mul tispectral dat a whliicthh oil ® g iwag ale | yniutsse di ni nt |
geol ogi cal studi es anddténaetasnentad s ona pcpailnge d
(Adi ri et al ., 2016,; Améi ned ablas,ed2040; pkdmtoq
et al ., 2020; ¢t°rt ¢k @todlogjic2a02mmpp [ h bDhesas
i nformati on i n t he original raw I mage t o a
smal |l er number of bandsRESHLITSESdd AND iDnlcSiQuUaSI S| O
components (PCs) (Sabi ns, 1987, Adi ri et al
2016) . Il n ot her Words,PeArR)G_:;rtarpehrysform creates
smal l er dat aset from Waul ali d =i fb aemndd sr, o c&kn ds aintp
rotates them so the dhtaedarminantcheeiirs preatxriangrzee
(Chuveico., 2016) . foll owSamgdstbne (uncl ass
format-Menpabagal't (uncl as
Band ratisoa(BRyy effetor mat-imemép p d@rriaanri tde ( Kha
i ncreasing the contraisnt rafsi p a+Gaoeopeltetxi)t;fee Bgtnier
whi ch coul d not be dGasrt-h etgmi seewdi tfer onschhet
original i mage data (MRetwamgranpd i Marsst,ud2 @G3;we
¢cort ¢k et al ., 2020) . SVMealed @oriet, h.m hii s tnheitsh osdt
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gRebPresentative microphotographs of rocks f2n0om t he

Fi

B) Met slmangsdMei®) ( C) Lsiamme@iM@elrle) ,( D) sBgrlaen i-% M2 6 E )-b i Goatrinteet
gneisamB(M-T) , F)-b i @arurseeto v i t a nsBIMR-B&)Ab I r e v i a-tqiuocanrst:z , Q P
plagi Aeldasdg€at-Bar bEmpi-epi dot-ehl €histea,i@&cm| ci t K-, Kf s
f el dsphbairo,t iBjiar n &emu sMuovlilt ephot omi ¢cr o g rpaop hasr iazreed ulnidgehrt .cr
Medi um tgrabaedesandsthenevelesnamm@l eand 15% of th
SM28) s made up of fframenwet kygrsalnesat@O0 miner al
75 %) , matri x, and cemeagi ocAdadsiet i(oFniagl.l y5A) i t
compriaegubab to anguMet algasalntss a(&la mMPNEY6 8M2 6
generally poorly sortenédi nThe cformppnoesveadr K& § % )pil nas
dominantly include pl azdil ocli 4 £2 8B Eodlildotteeca s(ep e do
and in minor sericitemiananriad sa tad @ &odsrkar (6Bl B)e, t €
fragments. l'ts grali.5csazeos&m¥Waieth f aomiO.olr al
mm The matri x, whi c lmu sccoonvsittiet ut a g g raergoaut neds .
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Tabl®h&8.characteristics of spectral bands of L
PC bandesand 1Band 2Band 3Band 4Band 5Band 6Band 7
PC1 0.12480714853P8 2496®. 3653034591085388B7515143
PC2 0.3012873136R033400/MP8 3824(0. 3631909 3920R.51319

PC3 -0.39938.3893H.231D.10640442688438746®m®. 5401
PC4 0.3309032562671773301L 1252-0. 4413@.63569. 42282
PC5 -0.3923bB.28250. 4636055657107 4799-0. 0279DP. 0075

PCG6 0.336421 0242-0. 68940. 6031809 21600. 007088017012
PC7 0.5978707 762801. 2161602 096 706. 0572402 030306. 019653

108":!'0'0"5 105“3‘5'0"5 108"4.0'0"5 108°30'0"E 108°35'0"E 108°40'0"E
n n L

43“4?'0"N
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T

43°40'0"N
T

43°40'0"N

43‘3?‘0"N

T
43°35'0"N

T T T T T
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FigA) 6PC2, B) PC3 images of Landsat OLI |

hypidiomorphic in textelé -faddKPptare.nggdey moa |23tse r
whi ecnak es it di fficultwhi¢oe make gcrlacianr si he of
original rock (Fig. 580) .2 mm (Fig. 5D).

Li mestone (s-sampplFe g.SM §r)metot|te(sgarrrqollsesl)SM27

Calcite, epidot e, quaedz undregor ad dieerds Bainnde rngalisn |
presented in thin secotfi ogs DH6ETMHP,I( Byineraddsd $op ,a I ¢
subhedr al and anhedr abi JtDiRtOSH)(atMOd €e® V& mo udmtth eo f
majority of the calcitleoghal ys aamesizeghofbyow
col or alnd mnm. 25 Si ze.wiltth ds esrprl aatyesd marg|ns.
rhombohedr al cleavage pangsgomeetgdira@ai aswi shiomwg
polysynthetic twinnindg.r olmoeo7m™0 cnkm.i SBiiontirtued edx |
a ®.5 wide =epidote %QlibmledthaiICha-ﬂlfda)Ssr&abeugtb
greenish to bl uish i ntjesr feeurheendczea 2¢ dalmodrs i0(zF2I o .F i Sy(
Granite (s-dfipilgee cBMB6G stGarafdatomuseovite schlst
quara@®@s5%p, agi oZz@ & %K;, (SM2-F)i s fine tgo a imeeddi u m
f el ds8dadr)b,( ot %-8& %)a n(d ocensists 5085 %nuasrctov3 q e

mi ner al s as access r y3snbymae redlosdyi f(The mirmerk anso
granoblastic in struchivs-ehtltoaerd @ BEWeSMO DRI C si n
texture The grain sizdeefoofr mewda ratnzd mxsSet ndoent ol iepehni  c
and 1.5 mm and euhedraubhétaorml &hagfepomasez5as
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grain size of aggregategenvedbtiorti val aeasd ahleot
ranges Oé&t.wlenenm (OFi g 5EdPbnversel vy, i f the wval ue

mapped by dark pixels (
Principal component anAaclcyosridsi n(gPCtAQ t he ei genv
To discriminate the dL&hdsaent (MTabk eundi)t,s iwn t |
the study area, the P@AiI mbt hmdi nlay acpor siesdt st o
the ASTER and Landsat tQlalc hiymangleessiared mmaeys ubb & s d |
are presenhRiegdWei8ma I Fsiog.upbedet bi swith G PHPX4hi band
met hod on Sentinel sat(eHilgi.t e6 A)ma gMorrye, o vbeurt, dR Qi3
i nclude it in the deduwlatlues e @t. i bgmMi@h&dcifusantbe
not show good results bcyompgéeéreed St burhanothecl| &s
dat a. met amor phic sequence (S
I n this study, a stanalalrdvitunmn nisdf omanaga d nbyo fbr
PCA has been appliedPOywiutshh nag hENWVI . & LBBigv. e
software ut-sWi Ri npand&@&BRof Therefore, the i mag
Landsat 8 OLI. Il n t heanPdCsP d2maigne st theg eRdGlBa gviea &l
formati on i s mapped by bright pi xel s i f t he

Fi gRGB. col or composite of PC images Landsat O
46



