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The hill shade |mmialsl nr dheilleldShade (sl ope, aspheadtl,Shamdgel e =

Seleptonging magBleef.ore the processing, the|mpldetti njg mod

("plot™").

Examining colorThpeal @a It @r palette was expltomaepd owdlisng t
or e

t maptools::palette_expl r() .
Plotting gratigumegoatibtel enmpsi cks = T, [t megr &t ifTg u ll east
"azure3d3", lwd = 1, |l abels.size = 1f.0).
Pl otting c¢ompasgtsm_ocno mphaes snfatpyspe = "radar " ,|t mocsampeansc ("
8.0)
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scheme of coding c on i Mti amudImn.ftl0hen f ol ko wniaxg m
structure:t mmppdtyd e (" meawietrh” ) mesan at 1319. 12
tm_shape(sl ope, name d=vi"aSlioopne " ,( SttdDdw) =at
"Slope") + tm_raster (t)o pto girma_pshcya | e rbeasre(n)t.s a
Each function was t hpar taidglulsyt efdl att sisrug f a¢ces t
speci al syntax which adj d&dddrtedr eign onlse bracke
The same procedure hafi peefl T epestedtéorthée.
Fi g9. 6The resulting ouwtepoutosgi ar ep rporve snecretse do fi nM¢
the respective mMdOpsDEMIlolwo ngk SHROIIMI Belt (dar k
based geomor phometri ca dxordiednatnigng (pl ape, i n tF
aspect, el evati on andonhi 6l sihage) t sof@k mtdhuet k c
topographic terrain reHoledf Bdl tMowgel if @r med i n
period -V&kmgeheamd t hen
RESULTS devel oping i n the -Pale
Fig 1 shows the rel Orhotosfk Moongdo!| Bel twhpircehs e |
presents a plateau wiftohl delgealtedgi cpl 1 mu cattur &
altitudel320 m7labove i saear cloentelnent al rifts.
according to the GEBCQnNgortihde.r Trhet almispestrant af
the grid gives the fAll ti%awianng Frod dulBesl tof(cy ace
topography of Mongol ieax:t enléit mg rvearsdechred rsposugti ho r
90°0' 95°0' 10(|)°O’ 1OEI‘>°O’ 11(?"0’ 115°0"
| | |
Geologic provinces of Mongolia
50°0' Baikal|Ratom|Folded Region 50°0'
sin
gl
P Vongoi o khotsk Folded Region
"X|ao Hingganling Uplift
45°0' 45°0'
QGIS il
40°0 40°0'
90°0' 95°0' 100°0' 105°0" 110°0 115°0"
Geologic provinces [ Choybalsan Basin [ Nyalga Basin
[ Alashan Yinshan Fold Belt [T Gobi Basin I Temtsag Hailar Basin
[ Altay-Sayan Folded Region [] Great Lake Basin [ Tian Shan Foldbelt
[l Baikal Patom Folded Region [1 Great Lake Uplift [ Ulan Bator Basin
[ Bogdashan Fold Belt Il Mongol-Okhotsk Folded Region [ Yinshan Da and Xiao Hingganling Uplift

FigGe@logic provinces of Mongolia. Dat a: USGS geol og
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country. YhesAbashaoamn dwherrde tthreuscompl exi ty anc
belt IS | ocat ed i n taei tssouamd oduttchepsoanter
stretching further tothmer tumdrtrms GChicra dteo tYien sfh
Da and Xiao Hinggan-liggolUpdgiidadal i st rthaet usroeust hi r
east of the country whanbhr iaonr r(e€amOgdndsCatr donihfe
Lesser Khi ngan mount a(i@m)r, an@ev oinh an hd DNE Jur
section of the Heil ongJrieanagc eporuosv i (nick),, NEr ethda me
The variability of h@egebbhogicl Tpr,ovQmatesr ndrm
compl ex disposition arPal eweroliapp(iPnZg) .r effheecvarti
geol ogic evolution of tMoengomutiarops as wel |l as
Fi g. 3 shows the geoltohgei cr egniotns odf MMom@oli iaa
90°0'E 95°0'E 100°0'E 105°0'E 110°0'E 115°0'E 120°0'E

| l |
Geological units in Mongolia

50°0'N
N.0.09

45°0'N
N.0.St7

0 100 200 km

QGIS g o =

90°0'E 95°0'E 100°0°E 105°0'E 110°0'E 115°0'E 120°0'E

Geological units Il CmO I DC BN K [COMz @l o [0 pPg [ PTr [ Pzu ] sD [ Tr
B c cr EEH20[@ K [ON [DothMrPt [ErPz @ OT [T
[ Cm CJp BNy MEEKTEEN[CJP CJrcm[XdpPzilMs [EITQ

FigGed8logic units of Mongoli a. Dat a: USGS geol ogical
Mongolia and encompasses the |l andscapes within the Cen
compl exes of rocks, from the Precambrian undifferentie
Mongol i a. The modern geologic units have following ma
represented by | owerwe(sG@ambnrdi acnentGna)l iMoo ngodtita, Ordovic
and Carboniferous (D, Cc) , Permian (P); 2) Mesozoic hi
Triassic (Tr) and Jurassic (J) outcrops in rugged, di
Gobi Desert is characterized by the Cenozoic (Paleogen
region. (3) Extensive highland areas infilled with | at
the Khentii Mount ains (orange colors) The Devonian (
Al t ai Mount ains (ocher color). w, SW and central regi
gently rolling surfaces. Mapping: QGIS. Source: author
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Free-air gravity anomaly for Mongolia

Global satellite derived gravity grid (CryoSat-2 and Jason-1)
90°E 95°E 100°E 105°E 110°E 115°E 120°E

50°N - r 50°N

45°N A - 45°N

Colormap: ‘jet’ (Dark to light blue, white, yellow and red [C=RGB] -100/100/1)

I — — T —

-100 -80 -60 -40 -20 0 20 40 60 80 100
2021 Feb 19 113312 | @‘7 Mercator projection. Scale (km)

THE GENERIC MAPPING TOOLS (') 1 0'00
FigFr4aeér gravitys aoomaeygti(dmay)e over the region of Mon
120AE) demonstrates &Gt g ayrtit gngnimusf tthlee gEawntih at i onal
ellipsoid and the effect of topography relative to the
resolut-momut & @ricd, -bae8ddanaséee) EGMapping: GMT. Sourc
vari ous uni t s showi ng39s2e.ddilme mGh 6o 8 n@amGalr en$
ages suggest that the 4ilniltidalmMGalf.or med basi n |
been transpressionally devel oped by faulting.
Fig 4 demonasitrr agreasv itthye afnroene@ ONCL US| ONS
of MongoldGar redudtaiyen. ThiTehe at ear adfn t he moder |
corrections for gravi tTys adnebtaag awearve iinn ctlhued eMdo 1 gic
original dat aset by t®RRegealitn mee styerda tNe®@iw§ g b ir
DE M. These consider tHhHe9dr, awvRiDtO2O0iI1dn alsi efgf eNDtS |
the topography above rmhmasndls.abodéaarnat h & ee d taisma t4iC
point. The terrain cofsembagasawarkacallcutl ad k@
t he -afirree anomal i es t @l a.dibeeraicontt haous trend
topographically correaioalecrangmalkyedata Mtn. tThse
original dat aset Thesegravideyd angcdisdde d h awsi t he ant
mapped based on satefliomehidgehr i mewWnt mamisneda n
gravity anomaly grid (wsancdhwenhaly ehta vael .b e2eOnl 4r)e | ac
present g etsloé uhimgmuf &) wdatm&og. further esti mat.i
on gravity. Accor di ngcltiomathee crheacnegiev eodn rteérseu Into
the data range shows ftiheel df oslulrovveiyn ga nsdt ag e osct hi rce
mi ni mu33=017 mGal , magumued 20 check the sy
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Vertical free-air gravity anomaly for Mongolia

Global satellite derived gravity grid (CryoSat-2 and Jason-1)
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m 7 Mercator projection. Scale (km)
THE GENERIC MAPPING TOOLS 6 1 0'00

FigVebt i caailr fgrremevity anomaly of Mongolia. Mappin
i n this study Such wa7k. 2889 om&Saluklm,t oMaaii mu m=
compl et e understandi nleaof= 3rlds pn&cas ¢ m,ofSt dDe v =
moder n gl aci er i n t héer hi gkl nooaurnrtead tnisono b f t
Mongolia to the <c¢climahieg9lang foitlhteer ecdo nverrodilam
drivers. more detailed variati ons
Hence, the highest vadmesdead ealrgenirtdiems i af t
mountain wuplifts and redpmprvad et astuirofnaceveer o fi c &l
Altay Mts and Hangaynt iMé scdmopetred 8ormtaall ,gr ac
red col ors, Fi g. 4) . Fhewgr anviet v aitre tohlfe vaarreiaa

Khent i Mt s shown thewietxh eah arbgda wefe nh e+ 2g0h t tsq
+60 mGal (dark yell ow Tthawsor awmgret icoodlor griadi Eng
4) I n contrast, t he Who wlNuurhelL akief fBearseé mc el nb &
NW of t he country deaomalrgtaesi tryotaabltene s a
negative vaSlQuemGa(lbel o&ankke bpraeity, it demonstr
col or in Fig.-aidn .grlLakiewy sdyeerfmaeer river valle
the Khyargas Nuur LakkheBaseinnn shewsws awnal u@son)
bet wg@natl mGal (blue cdepresbBigns4d4while higher
Fig. 5 presents theimddelerof4 0tOhemGuadr)t.i clanl tfhries
gravity anomaly of Mondiel ivaer tQocnaplar grda d ioe nth eo
fr-aier gravdtyedactFiagme,c utrhveatweret iocfalt he geoi d,
correction of the gravgrtaydineenatsuofemgnasi gy v an ot
wi der dat a range as df ecrewsancyMi me mwenen t he
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Elevation terrain analysis based on SRTM-90 DEM of Mongolia. Mapping: R
_R packages: tmap, raster, sp, sf

88E o0 e e o€ o€ A0'E w02’ AoN'® 10'e 108® no'e w2'e W e ne'e

Fi gEl évation modeBOb®EMdobnMSRgGM i a. Mapping: R.

FigGed@mor phometric model of slope of Mongoli a.
geoi d agedoigdiasi and ridges rise above |
Fig. 6 displays the ehiegvhaetsiton( Moondgeoll i ras eAd t @
SRT-I0O DEM of Mongol i ands hSoWvionfg t heRecountry fo
diverse relief of thekMounlthrey Momhgeo | d xatne nAdl t cafi
topography shows sttbegl pwenmasyenmanated ridg
di mensions being roughlflhye tmwisde fdaat| @M ¢ aisn awE
direction (ca. 2400 kwuwn)sidddnmnepairne dt hteo NEh ea nSIN E
(ca.1260 km). A numbev4i saufal mgungatheradaaigaes! ed

73



