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Overview

ÅShowcasing results from multi-parameter surveys

ÅMagnetic susceptibility, radiometrics, density, electrical 
resistivity

ÅUsing FDEM products to delineate and characterise ground 
water resources and structural constraints

ÅInterpretation of apparent resistivity to constrain aquifer 
boundaries

ÅInversion of FDEM results to estimate depth and resistivity 
of saturated unit
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Groundwater Exploration

ÅWater is the most essential natural resource worldwide

ÅRoughly 1% increase each year in ground water usage 
over past 40 years (UNESCO, 2023)

ÅIncrease in ground water demand requires:

ÅMapping

ÅWhere are ground water sources?

ÅCharacterisation 

ÅWhat are the structural constraints

ÅEstimate extent/size

ÅEstimate salinity

ÅMonitoring

ÅIs the aquifer depleting?

ÅAre there saline intrusions? https://www.gov.nl.ca/ecc/waterres/groundwater/
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Transmitter Receiver

Primary Field Secondary Field

Electromagnetic Surveying

ÅApply current to coil loop to produce primary field

ÅInduces current in subsurface

ÅSecondary field response related to subsurface 
resistivity
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Frequency Domain Electromagnetic (FDEM) Surveying

ÅMapping of resistive (or conductive) geology, 

targets, and alteration zones

ÅResistive units decrease signal amplitude as 

well as cause a phase delay

ÅResistivity is controlled by mineralogy 

(sulphides, oxides, clay minerals) and by 

porosity, saturation and salinity

ÅDepth of investigation can be controlled with 

transmit frequency and power

ÅLower frequency is more representative 

of deeper geology

ÅHigher frequency represents shallower 

geology
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Resistivity  Ranges

Adapted From Reeves and Bullock, 2005

FDEM Range

r: <10-2 ï 3x104 ohm-m
Groundwater

r: 10-1 ï 102 ohm-m
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Receivers

3-4 Spectrometer Packs
AirGrav  gravity system

Transmitters

Fixed -wing Advantages

Å High-speed, low-cost coverage

Å Instrument load

Å Magnetics, radiometrics, gravity

Å 60 m nominal altitude

Å Able to fly over

Å Built up regions (twin engine aircraft)

Å Water

Frequency Domain Advantages

Å Broad resistivity range

Å Depth estimation

Å Efficient system

Å Interference rejection

Å Sferics 

Å Power line

DHC-6 Twin Otter and SGFEM
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Digital SGFEM

ÅUpdated to be almost fully digital 
ÅTransmit and receiver coils cannot be digital

ÅImproved data quality 
ÅCalibrated during each flight

ÅNo orthogonality tests needed

ÅImproved noise mitigation
ÅSferics

ÅCultural Noise

ÅPower Line monitoring 



ÅA national programme to gather geochemical and 
geophysical data across Ireland
Åhttps://www.gsi.ie/ga-ie/programmes-and-projects/tellus/

ÅOngoing airborne geophysics project being flown by 
SGL
ÅAeromagnetics

ÅRadiometrics

ÅFrequency Domain EM

ÅNorthern and south eastern region hosts 

ÅVolcanics

ÅDykes

ÅSouthern region is predominantly sedimentary

ÅSilicates
ÅCarbonates

The Tellus Project ï Ireland ï Bedrock Geology
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ÅOngoing airborne geophysics project being flown by 
SGL
ÅAeromagnetics

ÅRadiometrics

ÅFrequency Domain EM

ÅTypically measures bedrock response

ÅNorthern and south eastern region hosts 

ÅVolcanics

ÅDykes

ÅSouthern region is predominantly sedimentary

ÅSilicates
ÅCarbonates

The Tellus Project ï Ireland ï Aeromagnetics
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1,650 ohm-m

RMI (nT)

-2,260 ohm-m

Residual
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ÅOngoing airborne geophysics project being flown by 
SGL
ÅAeromagnetics

ÅRadiometrics

ÅFrequency Domain EM

ÅTypically measures surficial (10 cm) response

ÅNorthern region is dominantly basalts 
ÅMinimal radiometric response

ÅWestern region is predominantly sedimentary 
(carbonates)
ÅElevated Uranium

ÅSouth-eastern region contrasts granite (pink) and 
sandstones (yellow)

The Tellus Project ï Ireland  ï Radiometrics
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ÅOngoing airborne geophysics project being flown by 
SGL
ÅAeromagnetics

ÅRadiometrics

ÅFrequency Domain EM

ÅTypically measures upper 120 m 

ÅNorthern region is predominantly volcanics (lower 
resistivity)

ÅGeological structure due to conductivity variation

ÅBlocks A10 and A11 are being flown with digital FDEM 
system

The Tellus Project ï Ireland ï FDEM
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A11

A10
A5

A5

A9

A10

Apparent Resistivity ï Comparison of Analog & Digital

ÅAnalog FDEM block ï A5 (2018) and A9 (2021)

ÅDigital FDEM blocks ï A10 and A11

ÅStructural trends continue across blocks

ÅImproved resolution with digital FDEM system

Resistive

Conductive
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The Burren -  Apparent Resistivity 

ÅRegionally important aquifer
ÅLimestone karsts (conduit)

ÅResistive region

Limestone

Sandstone
Siltstone
Mudstone

Ocean

28kHz 3kHz
DeeperShallower
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Kanturk  ï Apparent Resistivity

ÅRegionally important aquifer
ÅLimestone karsts (diffuse)

ÅResistive region

Shale

Limestones

28kHz 3kHz
DeeperShallower
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Listowel ï Apparent Resistivity

Sandstone
Siltstone

Mudstone

ÅRegionally important aquifer
ÅLimestone karsts (diffuse)

ÅResistive region

Limestone

Listowel

28kHz 3kHz
DeeperShallower
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Castleisland  ï Apparent Resistivity

Sandstone
Siltstone

Mudstone

Limestone

ÅRegionally important aquifer
ÅLimestone karsts (diffuse)

ÅResistive region

Castleisland

28kHz 3kHz
Shallower Deeper

465000465000 465000

465000465000 465000



ÅOngoing airborne geophysics project being flown by 
SGL
ÅAeromagnetics

ÅRadiometrics

ÅFrequency Domain EM

ÅTypically measures upper 120 m 

ÅNorthern region is predominantly volcanics (lower 
resistivity)

ÅGeological structure due to conductivity variation

ÅPreliminary FDEM results from block A10
ÅOver 60,000 l-km 

Å200 m line spacing

ÅWest of Cork

ÅExample of aquifer delineation and characterization

The Tellus Project ï Ireland ï FDEM
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Cork, Ireland

ÅWïE syncline-controlled limestone units in the Ballincollig area near Cork, Ireland

ÅVariably thick Quaternary deposits (10 ï 50 m) of well sorted gravels and sands that are locally 
exposed in valleys

3   - Regionally significant aquifer
3    - Castlemore Quarry
BS - Ballytrasna Formation
GY - Gyleen Formation

OH - Old Head Sandstone Formation
BA - Ballysteen Formation
WA - Waulsortian Limestone
LI - Little Island Formation20

Castlemore Quarry

ÅGroundwater within network of 
solution enhanced fractures and an 
upper weathered zone 
approximately 10 m thick

ÅExcavation below the local water 
table has resulted in continuous 
inflow of groundwater through 
bedrock fractures, 

ÅDynamic permeability and 
porosity of the limestone aquifer

10km x 10km

2.5km


