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ASeismic Mechatronics-\Ebe source

ABit Sim: Slimholaydrophone

AMic Nordic: GPS tim&/nchronization

ASGU: UAYorne EMsystem

ASKyTEM: DeptanhancecdhelicopterborneEM system
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The Electric Seismic Source Company

Linear Synchronous Motors 7KN (1500Ibs) electric seismic source i 2-200Hz Full Force

Contact free

No friction/Low distortion

High controllability/Repeatability

Broad bandwidth/low frequencies




. SEISMIC \/1 SMART=XPLORATION
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The Electric Seismic Source Company

The merged datasets (wireless + streamer) resolve better both upper portions
and structures below 1.6 s.
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Slimhole hydrophone S vntrs ot e

UPPSALA
BistS e \versiTET

Pressing needs:

A Growing worldwide demandfor geophysical services
A Need to for deeper exploraticrLO00OmM
A SlimholeNQ size (48 mm)ery thinand slender sensor -
equipment L
A Using digital design new components to impr&ignal
Quality and lower power consumption _.
A Modular and Expandablenot always a fixed numbeof | CAGR 4.4% pows206)
sensors
m— High demand for geophysical data acquisition serviegsl increase
In iInvestmentsn the mining sector for geophysicae anticipated to
Clobal geophysical services market s forecast to propel the geophysical services market during the next 5 years.

grow to $16.2 billion by 2024
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@
UPPSALA new ways toexplore the subsurface
BrtS ey versiTET

GPS DAQ, Power

The sysem consist of (maxconfiguration:
A Arrayof 100 hydrophones
A 50bottles

A 1500mdownhole cable

A 50x20m(1000m)string
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A prototype has been developed to accurately (miesecond accuracy) provide time
(relative or real) to an array of various sensors (seismic, electromagnetic etc.) pl
In different tunnels and in different depth levels
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(__Wireless devices )

Fiberoptic equipment, Master and Slave units where the slave unit is connected to the Master via-ibbte
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SMART:

GPS time synchronization

UPPSALA
UNIVERSITET
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Sveriges geologiska undersikning UAV- b O r n e E M Sys t e m new ways to explore the subsurface

Geological Survey of Sweden

CustomBuilt Quadcopter
A Assembled by AMKVO

A Designed for at least 20 min flight time with 5 kg
payload

UNIVERSITET



SGU

Sveriges geologiska undersokning
Geological Survey of Sweden

(

UPPSALA
UNIVERSITET

UAV-borne EM System

Computer, ADC
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Specifications

3 components (X, Y, Z)
Bandwidth 1¢ 350 kHz
Response 25 mwalm
Continuous sampling

GPS synchronized samplir
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A Technicaletails
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AAreachaBelt, Northern Cape,
SouthAfrica

28%30° 5
—

25700° 5

AOrion Minerals hagsnements
andprojectsin the area

AExplorationprogrammestarted
iIn 2017 anccomprised

geophysicainddrillings i Py
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Areachap Belt

AZn and Curich VMS occurrenceare present throughout the
AreachaBelt and occur in a host of gneissas)phibolites and
schists

ANi-Cu magmatic depositpresent. Several of these are wktown,
for exampleJacomynspanwhich is a NCuPGE intrusion.



ST Selection of HTEM system s st st

Deepseated

targets
High SNR

required

Largedepth
of

investigation
and longoff-
times

SkyTEM312HP
\ W

Orion Minerals



sl SkyTEM312HP at aglance AT

AUsedroutinely sincelate 2017:
A 15 projects
A Flownmorethan 70,000 linekms

ALargedepth of investigation(DOI):
A Highdipolemoment (up to 1,000,000 At
A Lownoiselevel
A Squarecurrentwaveform

AOutstandingcharacterizatiorof conductors
A Low basdrequencyof 12.5 Hz
A B-field measurementgnew feature)



SKLTSM Square current waveform A o

new ways toexplore the subsurface

Late time responsé

A (p © o 7 ;5: o
Aa:Tx amplitude i o0
AYJPulse width (8 ms Foan
SKyTEM312 HP)
AtdTime constant =0

1: Liu (1998). Exploratidaeophysics
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ASquare loop with aareaof 521 n?
ATimeconstant47 ms of wire looparget

Wire loop




SKETEM Profiles over wire loop target =i oo

new ways toexplore the subsurface

I
\ E line920211
= line920212
g line920213
o 1 " | E‘l 1 p—
© 56°0940"N 3 | line920214
= " 2 Wire loop
= . a
d

|1DD m |
56°09'35"N iﬁmﬂ |
|

‘d
| | | | | { ‘Ii "'l \ ©0penStreethap contributgrs

10°0140"E 10°01'50"E 10°02°E 10°0210"E 10°0220"E 10°02'30"E 10°0240"E 10°02'50"E 10°03'E
Longitude




SMART=XPLORATION
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[

Low base frequency
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SMART=XPLORATION
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Wire looptarget (dashedines):t = 47 ms

Bluelines: 30 mheight
Redlines: 50 mheight

25 Hz (crosspff-times 15 ms
12.5 Hz gircleg: off-times 32 ms




SKYTEM

104 ¢

10°F §

10

—5—line820204 - 12.5 Hz
—=line820205- 125 Hz
——ine820211 - 25 Hz
——*line820212 - 25 Hz

107

B-field vs. dB/dt
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Wire looptarget (dashedlines):t
=47/ ms

Bluelines: 30 mheight
Redlines: 50 mheight




Summary low base frequency ~ SATXCLoRTON

SKYTEM
and B-field
o —&—1ine920204 - 12.5 Hz o —&—ine920204 - 12.5 Hz AI m proved
SEEEY L EEE characterizationf
| conductors
A Longoff-times
00 ALong pulseluration
S AB-field measurements
s
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SKYTEM SkyTEM312HP Su rvey deSIg n new ways to explore the subsurface

ASurveyarea 962 km2
A200 m linespacing

A80 kph acquisitionspeed

A6.000 line kilometers

Q7

Orion Minerals




Low base frequency e

(long off-times)
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Orion Minerals

SkyTEM anomalies

Legend
SkyTEM anomaly

VMS target

G Masighame
[ oisawel

Ni-Cu Known occurrance

WS Known occurrance

Vaalkoppies Group
Aceachap Group
Jacomynspan Formation

wwssss UMS Target Horizon
Prospecting Right
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SKYTEM SkyTEM anomalies piiaeaeive

Knownand newanomalies Plate modelling of SkyTEManomalies
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ATechnicatlevelopmentdor 6.25 Hz operation
ATransmitter signal
AReducedhoiselevel
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A6.25 Hz Operation

AWaveform

A Increasedntime
A Longerofftime

Dipole moment
(MAmM?)
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SKYTEM

A6.25 Hz Operation

AThinsheetmodelresponse

A Maxwelll

A Plateextendingto 1000 m
belowsurface
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Z data
(\V/Am*y

Distance = 800 m Distance = 1200 m

Distance =400 m
——6.25Hz
——125Hz
10" 1 10'f 1 10" 1 10" ——25Hz
LA
5 % 10° 100 100 107}
N 2
107! 107" 107! 107"
107" 10° 10" 107 10° 107 107 10° 10 107 10° 10’

Gate center time (ms) Gate center time (ms) Gate center time (ms)

Gate center time (ms)

X data
(fv/Am*)
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~ 12.5 Hz base frequency

~ 6.25 Hz base frequency
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SIG-’EM Transm Itter Slgnal new ways toexplore the subsurface
A6.25 Hz Operation A6.25 Hz Operation
ATransmitterBenchTest A Coolingunit
A Firmwareupgrades A Increaseckfficiency

A Hardwareendurance A Reducedveight
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AReceiver platform
AOperatedat verylow frequencies

Microphonic Noise Maodel

107> 3
; ——— Current Suspension

. : —— Improved Suspension
1075 4 --------- First Sensitivity Window
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AValidationsurvey
ABlotbergetmine site
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new ways toexplore the subsurface

APartners:NiQ, SGU, UU

AFlownKilometers: 577 km

AThreeconfigurations
A 25Hz, 12.5 Hz, 6.25 Hz

AlncreasedOl with signal téatest

500000 502000 504000 506000

Nordi "
Iron Ore




SKYTEM Blotberget Mine Site, Sweden

SMART

new ways to BXDlﬂ[E the subsurface

Oppet hus for helikopterburen TEM

Nordic |ron Ore (NIO) tillsammans med SkyTEM, bada partners i EU projektet Smart
Exploration, kommer att utféra helikopterburen djuppenetrerande transient
elektromagnetisk (TEM) métning i Ludvikaomradet. Vi vill bjuda in allmanheten for
att titta pa utrustningen, stilla fragor och dricka en kopp kaffe. Varmt vilkomna!

Var: Ludvika Flygfalt
Nar: 19 juni 2019 11:00 - 16:00

Kontakt: Emma Backstrom, geolog, Nordic |rgp Ore AB

Mer information
Projektet fokuserar
huvudsakligen pa utveckling av
kostnadseffektiva, miljdvanliga
verktyg och metoder fér
geofysisk prospektering i
svartillgéngliga och
djupliggande omraden. Mer
information om projektet finns
pa www.smartexploration.eu,
YouTube och LinkedIn.

Nordic .
ron Ore

new wa s toexd

ore the subsurface

SMART=XPLORATION

new ways toexplore the subsurface



