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O KomMnaHum Aarhus
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Mbl NMPOBEOEM BAC
OT KAYECTBEHHOTO
K KOJIMMECTBEHHOMY

O HAC

AARHUS GEOPHYSICS MPEASTATAET KOHCAITTUHI HA
MEPEZJOBOM YPOBHE B OBJIACTI ASPO 3M UCCITE[JOBAHWNA,
A TAKXE YHUKANBHOE NPOrPAMMHOE OBECMEYEHUE ANA
BU3YAIU3ALINW, OBPABOTKW, UHBEPCUW N WHTEPTIPETALIUA
TEQO®U3UYECKNX JAHHBIX

OBNACTY HAUIEW 3KCMEPTU3bI
+  OpaGoTka, HHERPTHA M MHTEPNPETALMA 1e0BNINYECKIX ATHHUIX (B OCoGeHHoTT 3M)

TIpHMEHEHIE B 0BNACTAX FEOOTIN, FHAPOTEoNOr, 3
Pa3paboTka NPOTPAIIHOND OBECRUICHLIA AN FeohiMai
MHTerpUpORaHHOTO ¢ UC

BLICOROTOUNbIE METOABI PACCUETOR B MPHMEHEHHN K IORENHPOBAHNI W

WHBEPCHI FEO HSHAECKITK RaHHbIX l\
-

Halsa Lens - NPeoCTaBNEHHE HaWANBHIKAN NPORKTAE,
A HINONK3y10TCA 33 3M HCCNSNUBAHIA BHICOKOTOUHbIX
NPOBEDEHHbX WHCTIEHHbIX PEYIBTATOR MHTEPTIPETaLIN.
178 37010 fibl WCMOML 3y A0BEREHHSII1 4O COBEPUIHCTER
CUCTeMHLI NOAYOR, BKAICUAIOWMI B C2BA BCe wark

0T c60pa AAHHbIX 10 KANHGPOBKK, DGPAGOTKM, \

ropHoaoGkIBaIowWe 1 HedTAHON oTpacnAx
(O U FEONOTHUECKOTD MPHMEHEHHA,

VHBEPCM, HTEMPHPOBAHNA AAHHBIX

MHTEPNPETALWM PE3YABTATOB.

Mt FOPAUMCA NPO3PAUKOCTEIO HALWETD NOAXORA,

1103BOIIAIIER HAILMK KIIVEHTa HATEKHO YTIDABNAT.

PAINALHEDAN 3HATMTHUECKINA PECYPCAMH, KOTOPHIC Wbl HCTIONB3Ye.

Tloroms Tt Ha Haw onbiT & 0GPABOTKE, MHBEPCIN,
WHTErpaLN 33P0 31 QAHHbLX C APYTIMIA BUAIIN RHHBIX
W MHTEPNPETALIH, € LINBIO W3BNEUEHNA BEICOKOTOUHBIX
pesynbTaToR.

workshop Polyus - VSEGEI

St. Petersburg,

Geophysics

"[ina Bac He ByaeT CIOpNpU30M, KOraa Bbl

pazbypute pyaHoe Teno Ha riybuHe 8 150 MeTpos,

B TOYHOCTU Kak Ha Halwen Moaenu. Mb! Hazbisaem
3TO NPOCTO 3aBepkon a3po M aHomanuin”.
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OT JAHHbIX
K3HAHUIO

KOHCANTWUHT B o6nacTu aspo IM nccnegosaHui
NMPOrPAMMHOE OBECIEYEHWE ana obpaboTkn n nHeepcnmn
reopu3nyecknx gaHHbIx

P oS

Aarhus Geophysics /



workshop Polyus -

KomnaHun Aarhus Geophysics

OT KAYECTBEHHOIO

K KOJIMYECTBEHHOMY

C TOYHOCTbIO

AARHUS GEOPHYSICS MPEAOCTABIAET
PE3YJIGTATbI OBPABOTKU JIKOBbIX
TEOOU3NYECKUX AAHHbIX

Mbi MPE/LTATAEM LUMPOKUIA
CNEKTP YCIYT, KOTOPH!
MO3BONAT BAMI
MAKCUMASTBHYIO 0

-

CPEAV 31 MCCNEAOBAHII B ASPOBAPVAHTE
HET YHUBEPCANBHOTO METOSIA

HA € ORHOA 13

it 1M, NPOBORAWNX.
TeadH3NNECYI0 CBeIKY, Wil 8 ALTaNAX 3HaAKOME!
€0 BCEMI YCTAHURKAMW M B2pe)icA 00beKTHRHO.
BHIGPATS NYSILYIO 1A BALIETO M0

Mbl MIPUMEHAEM MPOJBUHYTHIE
JIETANHAHMPOBAHHBIE METOAM OGPAGOTKN

TOPHOIOBBIBAIOLIIAR OTPACTb, IEQMIOMMECKOE
KAPTUPORAHUE, TIPOEONOTIIA

b,
TEQTEXHMYECKUE SALAYA

uekme no3eons
HaM PAGOTATS BU RCEX 3THX HANPABNEHUAX

M| [IPELIATAEM NIPOLYKT UHTEFPUPOBAHIA
AIPOTEOOM3VHECKAX AAHHBIX C APYTY
BUMIAMM [IAHHbIX

TpeaocTassTe Haw sawm

anekTpoTaNGrpab

W IPONHE AaHHbIE

asporeousnKoR

WHBEEPCHN AAHHEIX, HAPABNEHHBIE Ha oMY YeHite
canes peayNbTatos u
23pOGEOPUIMECKIY FAHKBIX, YCTPAHAR BIMAHME
110M1EX Ha Py /IbTATH NORENIMPOEAHAR.

Te FOTOBbI KAPTH, B TOM UICRE FAYGIHE!
VIEFaHIA KOPEHHUX IOPOL WA CONAHATO KYNONa,
118 HaHBONES TOYHOTO NNEACTAENEHHA O Paspes

KOHCAJITUHI

Mbl MPEAOCTABNAEM KONMMYECTBEHHbIE PE3YNBTATbI U MPOU3BOA-
HBIE MPOAYKTHI ANA NIOBLIX TUMOB ASPOTEO®U3UYECKX JAHHDBIX

OcHosHo# ofinacTero 3kcnepTisel AARHUS GEOPHYSICS sennetcn padoTa ¢ asporeohusnueckimm (M) aaHHbimm,

Hall 3HaH05 € 370/ OBAACTH NOAYUEHEI B TecHoro 182

€ 3AKASUMKANN STHX AAHHLX. Mbi 1IpefiocTas A CnekTp yonyr, BAM U3BNSUL
MAKCHMATBHYKI IOB3Y 13 BaWIMX AaHHBIX (HOBBIX Wik CTapbix). Hallh ycnyr BKAKNAIOT B Cebia OLieHKy 1,
ecnu s o Rt A

AaHHBIMY.

Wbl nomosxen san B3N PaBOTLIC HC I n6on

ana y 6 Mt 60 AaHHELX 1 NPOBEPKY KauecTea (QC), 06paboTKy,

WHBSpCIIO W IM panbix, ¢
WHBEPCHN. Ml MOKEN NPELOCTABITY PEIYNBTATL MHBEPCHA B TEYEHIN CY 10K, B NONEBLIX YCIOBNAX, MAHWANIMPYA
TaKKM OBPA3OM, NPOUIBOACTBEHHSIE PHCKH M AOSHBAARCE FBKOCTH B ChetiKe.

OBYYEHWUE

ARRHUS GEOPHYSICS 0praHizyet W NpHUMALT YUacTe b OBYUaIOULAX COMHHAPAX, N10CBAIIICHHIX
Tematike 3M METOROE N METOA08 Toka. Mbi Takre y AUH HA OAMH,
€ YUGTOM Hy K3 MHAHBMAYBNBHOTO KAMEHTa, oMM 3T0r0,

obecneeHua.

VSEGEI St. Petersburg, 11-12 February 2020

MPOTPAMMHOE OBECINEYEHWNE

COBEPLUEHCTBO B OBPABOTKE W MHBEPCAW
A3PO 3M JAHHbBIX ANA KONMUYECTBEHHOTO
MOZAETUPOBAHUA

HaBop WHC P ma
IEKTPOPATBEAOUHELX. Hyi#l (3M 1 METORb OCTONHHOT TOKa) KAK B HA3ERHbIX, TaK i &

ypaus
AenAeTcA "AARHUS WORKBENCH".

narhus workbench
Maker abpaBoTku it
TEONOMMYECKOR HHTEPIPETALIN

P TUNOR AAHHBX 1 ANA

Bet-npHnoxenia 41a a3p03M HHBECHI

3arpyauTe caom a5po3h A3HNLIE, N0IBONBTE HALEA MPOTPANIME HX MHB2PTHDORATS U NONYUHTE
a2/ 5azy AAHHEN € FOTORMIKY MOPENAN.

SITEM/SEMDI

0B6paBoTka M MHBEPCYA HAZEMHEX I AaHHBIX

MWP AARHUS WORKBENCH

AIpO3M - PaSHOOBPa3HbIE YCTAHOBKN

TponeuHyTan 06)paGoTKa - 3M ¥ HaBurauwA

DOKYCHPYIOWAS UHBEPCHS

TRYGUKA MPOHUKHOBEHIA CHTHANA 1 U KaPTH QT (KOHTBONA 33 KavECTRON)
VHTErpHPOBaHIE NaHHBIX (CKBAKEHHBIE 3aMEDb, EONOMS, CERCAMKA)
BU3yanu3auMa CKBIKAH

l'eonori4eckan nHTepnperauna

PasiNHbIe HHEHACbIE GOPMATH BXOHIX aHHDIX
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O komnaHunm Aarhus Geophysics

Established 2006 as spin off of HGG at AU

« Completely independent from any AEM contractor
e Main office in Aarhus, subsidary in Pisa (IT)

e Clients worldwide

e Commercial and R&D projects

Aarhus Geophysics

...from data to knowledge

AARHUS GEOPHYSICS

OFFERS STATE OF THE ART ‘\
CONSULTING IN AIRBORNE ELECTROMAGNETICS

AND UNIQUE SOFTWARE PRODUCTS FOR HANDLING,
PROCESSING AND INVERSION OF GEOPHYSICAL DATA.



Halla KOMaH/Aa

e On staff

- 2 geophysicists

- 2 geologists

— Administration
e« Cooperation

- 2 external geophysicist

- External groundwater modelling companies
e R&D

- Some 1n house

— Mostly outsourced to Aarhus and Pisa University
postdocs and Ph.Ds

-
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Hall KAUEHTbI

e Mining Companies
— BHPBi1lliton, Anglo American, K plus S, First
Quantum, Avannaa Resources, De Beers, Ri10 Tinto,
Kazzinc, Fortescue Metals, Kavango Resources,
TMAC, Areva, Uralkali, Polymetall

e Geological surveys and other governm. institutions

- USGS, BRGM, LIAG, BGR, CSIRO, Ontario Geological
Ssurvey, SGU-NGI-CNR-BGS, Stanford university

e AEM Contractors
— SkyTEM, Geotech (VTEM), A1rTEM, Geotechnologies
(Equator), CGG (Heli1TEM, Tempest, Resolve), NRG
(Xcite), Spectrem, Etalon (Impulse)

o
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Our BUSINESS: KOHCanTWUHI B BOMpocax

a’3poreodm3anyeckmnx UcCcaesoBaHUN

1. Design the survey choosing the adequate AEM system

2. QC data acquisition
3. Processing and Inversion of the AEM data (new and old)

4. Integration of AEM with other data

5. Different Geological and Hydrogeological Interpretation

Aarhus Geophysics /
/
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Our BUSINESS: KOHCAanTWUHI B BoOMpocax

a’poreopmn3nyeckmnx mMccaesoBaHuUn

e We can cover all aspects of design/application/modelling/interpretation
of AEM (Mag), but data acquisition

e Worldwide experience in different applications
- Have experience in Russia/Kazahkstan
- ..and all over the world, in quite different geological settings
e Can work with AEM (and ground EM) data from any system
— Help with selection of suitable AEM system for the specific target
- Synthetic modelling, tender, survey set up.....
- EXtra QA/QC on acquired data, near real time inversions
e Advanced modelling with complementary inversion approaches
e Layered earth Smooth/sharp; plate models

e 1Integrating AEM data with ancillary geological and geophysical
information

- Drilling, ground ERT/EM/IP, seismic, mag
e Leaders in modelling IP effects in AEM data

- Extract chargeability information and correct resistivities
e Revisiting existing datasets to extract more information

\\
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3N1eMeHTbl yCnewHoun

1.Good Source data

a3podM CbEMKMU

2.Good Processing
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CunbHenwnn WMBN 3hPeKT B AaHHbIX
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CpaBHeHME HEeBSA3KM MHBepcuu be3s
ydyeTa MBM M C y4yeToM

vy 005115225335445565665775088599510

be3 ydyeTa 3(QdekTa MBI C yyeToM 30dekTa MUBN

R ARLT o
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CpaBHeHUe pe3ynbTaTOB WHBEPCUU
6be3 y4yeTa MBM M C y4yeToM
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NU3BneyeHne MHPopMaLUKU O
nonapusyemoctn (rnybmHa 25 m)

MecTtopoxxageHue

/ «Mappug»

2 km

Chargeabil
e
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MeCTOopOoXaeHune
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PaccMOTpeHne HeKOTOpbIX 06bEeKTOB T\
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MecTopoxaeHue Mount Milligan

©=128° —126° —124°

Cu-Au porphyry deposit i ™
hosted in andesites M e

Chargeability can be indicative of
the gold-bearing mineralisation,
while conductivity is low
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MecTopoxaeHue Milligan

IP effect in AEM data
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MecTopoxaeHue Mount Milligan

Resistivity sections SIS

il Without IP

12 Inoteased DO, improved recovery of resstivity '
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MecTopoxaeHune Mount Milligan o\ SR

Resistivity slice maps
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MecTopoxaeHue Mount Milligan

Chargeability slice maps
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MecTopoxaeHue Mount Milligan

Elevation (m)
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BaXHOCTb NMoCT- 06bpaboTku.CbemKa
Hel1TEM

Data is well fitted. Realistic anomalies.
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BaXHOCTb NMoCT- 06bpaboTku.CbemKa

Hel1TEM
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Cover issues

1. Ata minimum, cover represents a barrier that masks the
detectable signature of mineral systems......but it can act as:
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MoaenupoBaHue WBMN. CpaBHeHMe C
reonoruveu

Figure 3. (g): Interpolated electrical resistivity recovered from IP-mode SCl ir
DO-27 kimberlite. (b): Interpolated chargeability recovered from IP-mode 21 .

over DO-27 kimberlite. l
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MoaenupoBaHue WBMN. CpaBHeHMe C
reonoruveu

_ Figure 4. Iso volumes of resistivity (200 ohmm) and chargeability (120 mV/V) E
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Figure 5. Comparison of Cole-Cole parameters estimated from rock samples at GSC lab (adapted from
Oldenburg and Kang, 2016) vs Cole-Cole parameters recovered from VTEM data.
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HekoTopble acnekTbl QC

e Raw data from contractor

Calibration
Repeatibility
High altitude tests

e Data to be used for inversion

Decoupling data from artifacts
Assigning noise level

e Inversion results
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Fitting data ?
Fitting prior information ?

Altitude being moved too much during
inversion 7

Ficticious layers introduced ?

Any artifact left in the models ?

Few and multilayers provide similar results ?
Error estimates on model parameters
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KoHTponb KadvectBa (QC)
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KoHTponb KadvectBa (QC)

e HeBfA3ka noabopa
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KoHTponb KadvectBa (QC)
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CpaBHeHne OKOHYaTeJIbHbIX MPOAYKTOB

ConpotusneHus (40 m rnyobunHa)
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CpaBHeHne OKOHYaTeJIbHbIX MPOAYKTOB

ConpotueneHus (110 m rnybuHa)
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CpaBHeHne OKOHYaTeJIbHbIX MPOAYKTOB

ConpotusneHus (200 m rnybuHa)
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CpaBHeHne OKOHYaTeJIbHbIX MPOAYKTOB

ConpotueneHnsa (500 m abc. npeBbilLEHNE)

F——+——+——+——+—— | Figure 8. conductivity s
0 km 10km 20km 30km 40km  50km | at 500 m elevation
' e
White represents levels beyond
depth of investigation 3 . e g
£ 4
1
' &
:' ‘:.‘_. i
,
p
e
Sy
‘al s

¥

3
=

PC= Paleochannel

bl
£
o
BS= Black shale 8 v
JC= Johnson Cairn shale pod 1
i . P W

it

»

Aarhus Geophysics /

Polyus - VSEGEI St. Petersburg, 11-12 February 2020

workshop



-

Figure 10. Predicted bedrock depth
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oyemy BaXHO MOAeNUpoOBaTb WBI
YNYyJlleHHble pa3pe3bl)
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¢ Profile: L_11620_w [Unit: Ohm-m]
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MCnoNnb30BaHMe anpuopHoOU

MH(pOPMaLMN B MHBEPCUAX :
e JlobaBneHne anpuvopHOW MHPOPMALUM U3 . ‘,;¢5’“
— CKBaXuH

— Feonornyeckux mopeneu
— Mpovyen reohn3an4ecKom CbeMKMU
e Lenu

— YnyJlueHue paspelawluen CnoCobHOCTU B 30HAX HU3KOM
YYBCTBUTENbHOCTU

— BoNee A0CTOBEpPHble pe3ysibTaThl
— Jlydwasa Koppensums C reonoruemn

— YnpoueHHass UHTerpaumsa AaHHbIX C APYrUMM
reosIorM4YecKuMn npoayKTamu

— BO3MOXHOCTb MnepeKkanmbpoBKW AaHHbIX (NoO HeobxoammocTwn)

e KayecTBEHHO OT/IM4aeTCcs OT AobaBneHus AaHHbIX K OObIYHbIM
pe3ynbTaTam

— ®OKYCUPOBKA MHBEPCUMU
— Bonee AOCTOBEPHbIe U UHTepnpeTupyembie pe3ysibTaThl = =
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YBe/IMYeHHbI MacwTab: MHBepcua bes
arnpUOPHbLIX MAaHHbIX

(&l Profile: P4 [Unit: Ohm-m]
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YBe/IMYeHHbIn MacwTab: MHBepcus
arnpUOPHbLIX MAaHHbIX

(4 Profile: P4 [Unit: Ohm-m]
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Good correlation with borehole derived resistivity.. However can the
correlation be improved ? Can we push AEM’s resolving capabilities further ?
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YBe/IMYeHHbIN mMacwTab: UHBepcua cC
anpuopHbLIMA AAHHBIMU U3 bypeHus

(& Profile: P4 [Unit: Ohr-m]
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The addition of A-priori from geological surfaces to the inversion produced
better correlation with borehole derived resistivity. It also increased the
resolving capability of AEM below the thick conductive shales
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YBEe/INYEeHHbIN MacwTab: MHBepcusa C

dallpUOpPpHbBIMA AAHHBIMUN W3 CEI?ICMOMGTpI/II/I
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BbIBO bl

&

.+ Aarhus Geophysics ycnewHo paboTaeT Ha PbiHKe KOHCaJTUHIOBbIX
ycnyr bonee 10 net

e PenyTauumda KOMNAaHMMU NOoATBepXAaeTCdA ycnexamMum B reosioropasBsepkKe,
d TadKxXxe MHOOYUC/TeHHbIMU I'Iy6J'IVIKaLI,VIFIMVI B HAY4HbIX XYPHa/aX

« KoMmnaHuma Aarhus Geophysics COBME@CTHO C HaWwuMMM NaApPTHepamu
MOMOXeT OpraHM30BaTb a3poreoPu3nyeckyw CbemKy ANS
reonoropa3Beikn U NMpoBeAeT KOMMNNEKCHYW MHTepnpeTaumio C
NCcnosib30BaHMeM Haubonee nepenoBbiX TEXHONOIUU

« Aarhus Geophysics aBndaevTcs nuaepom B MOAE/IMPOBAHUMN AaHHbIX ADM
C umcnonb3oBaHnem moaenm Cole-Cole, 4TO no3BondeT noay4vYaTb
- bonee TO4YHble reo3/lIeKTpUYeCcKue pas3pes3bl
- YNyywaTb WMHTEpPnpeTupyemyw rnybuHy CbemKkwu
- HaxoAuTb 0bOBEKTbl Asa b6ypeHusi, nonylleHHble 6e3
MOAennpoBaHus MBI
- YnyywaTb HeBA3KYy noabopa npu MHBEPCUM
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