


ISMAP
CES is a pioneer in the application of ISMAP (Airborne Intra-Sedimentary MAPping) to oil and 
gas exploration.  ISMAP involves the use of high-sensitivity, high-resolution aeromagnetics to 
resolve very low amplitude (micro-mag) anomalies originating from structures within the 
essentially non-magnetic sedimentary column, as well as high amplitude features from the 
crystalline basement.  In other words, ISMAP detects structures from within the sedimentary 

column as well as determining the depth to, and structure of, the magnetic  basement.

ISMAP magnetic anomaly map showing anomaly of approximately 2 nT in  amplitude. 
Contour interval of the map is 20pT (0.05nT)
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Gradiometry 

An airborne gradiometer is a "differential" magnetometer that utilizes
two high-sensitivity magnetometer sensors, separated by a relatively
small distance from each other, to measure gradients of the earth's
magnetic field.  The principle of this device is that the gradient of the
target magnetic field will be very steep and quite localized.  Both sensors
will sample the anomaly field, and a measurement of the gradient will
result from a comparison of the two readings.  

For oil & gas exploration CES uses a horizontal magnetic
gradiometer, with two magnetometer sensors installed one on each wing
tip of the aircraft.  The main benefits of using a horizontal gradiometer for
oil & gas exploration is that it greatly assists in interpolating the data
between flight lines, and it permits flight lines to be flown 20% further
apart than for a normal magnetic survey without loss of detection
capacity, thus reducing the volume of data required to cover a given
survey area.

GammaSense 

CES is also pioneering the use of GammaSense (Airborne
Gammaray Spectrometry), for oil and gas exploration.  The objective of
surveying with a multi-channel, gamma-ray spectrometer system and a
large volume gamma-ray sensor is to detect subtle characteristic
radiation patterns as indicators of subsurface hydrocarbon
accumulations over petroliferous terrain. ISMAP and GammaSense
techniques may be applied independently of each other, however, it is
practical and cost effective to combine them in one multi-sensor,
multi-method survey. 

Hydrocarbon anomalies can be qualitatively and directly identified from
airborne radiometric measurements.  It has been repeatedly observed
that the subtle anomalous patterns of radiation flux detected over
petroleum basins exists over subsurface hydrocarbon accumulations. 
(This we have also determined from GammaSense surveys conducted in
Latin America, in both tropical and desert areas, and in various locations
in the USA.) 

GammaSense colour contour map acquired over an oil field in South  
America
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MINING EXPLORATION

Airborne geophysics for mining exploration is conducted using both
fixed-wing aircraft and helicopters.  The choice of aircraft type depends
largely on project size, location, budget and application. 

Airborne geophysical surveys, whether installed on helicopters or
fixed-wing aircraft, are the most effective and rapid means of 
evaluating the potential for mineral resources in both unexplored areas  
and mature mining regions.   The use of GPS satellite navigation and 
powerful microcomputers onboard the aircraft, to control the systems 
and to record data; and on the ground to process, plot, interpret and 
model the data; has made airborne geophysical surveying a powerful  
and necessary tool in man's search for materials beneath the ground. 

Fixed-wing and helicopter-borne geophysical systems are designed for
use in different terrains, although helicopter-borne systems are

GammaSense colour contour map acquired over an oil field in South America
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undertaking high-resolution surveys in areas traditionally the domain of
fixed-wing systems.

A fixed-wing aircraft has a number of advantages in addition to its lower
operating costs.   First, it has a payload and cabin space larger than a
helicopter and thus can carry more instrumentation.   Second its
operating range is generally three or four times greater than that of a
helicopter.   Surveys can be flown farther from population centres,
thereby reducing some of the logistical problems of a helicopter-borne
survey. 

Undoubtedly, helicopter-borne electromagnetics (EM), combined with
total field magnetics and gamma-ray spectrometry, have been the most
productive and useful of these airborne system developments to date,
and have accounted for the discovery of billions of dollars worth of
mineral resources, tapped into numerous ground water reservoirs and
provided immense volumes of data for environmental site evaluations. 
These systems are ideally suited for working in rugged, mountainous
terrain, or over small claim block-sized properties, and are the
techniques of choice for most mining companies to locate base metal

and precious metal deposits and/or kimberlites.

Techniques offered by CES include......... 
• MAGNETICS 
• GRADIOMETRY
• GAMMARAY SPECTROMETRY
• ELECTROMAGNETICS

.................and may include the following applications: Minerals exploration
• Base metals exploration  
• Precious metals exploration 
• Diamondiferous kimberlite exploration 
• Regional geological mapping
• Groundwater detection and mapping
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Fixed-Wing Airplane Systems 

Magnetics  

Total field aeromagnetics is the most basic and perhaps the oldest of
airborne geophysical methods in use today. Our typical systems employ
a high-sensitivity cesium magnetometer in a tail stinger with a resolution
of 0.001 nT sampling ten times per second. The Figure-of-Merit of
these systems is typically less than 1 nT.

Piper PA-31 Navajo aircraft 
featuring   an extended tail-
stinger

Residual magnetic colour contour image from a high-resolution airborne magnetic survey.  
Contour interval is 0.2 nT.
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Gradiometry

As mentioned above, an airborne gradiometer is a "differential" 
magnetometer that utilizes two high-sensitivity cesium magnetometer 
sensors, separated by a relatively small distance from each other, to 
measure gradients of the earth's magnetic field.  It has much greater 
resolving power than the single sensor, total field magnetometer, and 
thus it is an ideal tool for locating small targets, such as kimberlites. 

In recent years, because of the boom in diamondiferous kimberlite 
exploration, there has been a great deal of interest in acquiring very 
high-resolution magnetic gradient data.  Aircraft with up to 4 
high-sensitivity cesium magnetometer sensors (installed one on each 
wing-tip and two in tail stingers) measuring the magnetic total-field, the 
vertical gradient, the horizontal transverse gradient, the horizontal 
longitudinal gradient and the total gradient are now routinely being 
operated.   CES can offer such a system installed on a Piper PA-31 
aircraft.

Multi-Sensor 

Fixed-wing magnetics and radiometrics have been routine tools for cost
effective mineral exploration and geological mapping for about 50 years 
now.  The ability to map lithologies and the structural fabric of an area, 
particularly where there is limited outcrop, has made these techniques 
essential to modern exploration and to organizations involved with 
detailed and regional mapping programs.

Cessna C-404 Titan II Aircraft configured for multi-sensor survey
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High resolution surveys flown by CES at low 
levels with rapid sampling magnetometers and 
spectrometers installed in fixed wing aircraft 
enable highly accurate and detailed digital data 
and a wide range of map products and colour 
images to be provided to our clients. 

Incidentally, a fixed-wing magnetometer and 
gamma ray spectrometer system is not only 
applicable to mining exploration, it is also the 
same technology applied to ISMAP and 
GammaSense surveying for oil and                       
gas exploration described above.

Helicopter-borne Systems

A typical helicopter-borne system used 
on a mining exploration project utilizes 
two or three different sensors.   These 
may be a combination of any or all of 
electromagnetic, magnetic and 
radiometric sensors. 

Electromagnetics, combined with total 
field magnetics and perhaps gamma-
ray spectrometry, have been the most 
productive and useful of all the remote 
sensing developments to date.  These 
have accounted for the discovery of 
billions of dollars worth of mineral 
resources, tapped into ground water 
reservoirs and provided immense 
volumes of data for 

"Hummingbird" EM system installed   
on a LAMA helicopter. 

The  Hummingbird-5 features coil 
separations of 6 metres, and 

frequencies of 890 Hz, 990 Hz, 5 kHz, 
7 kHz and 30 kHz.

Head Office:
2180 Steeles Avenue West, Concord, Ontario  L4K 2Z5  (Canada)  
t. +1 905 760 9039   f. +1 905 760 9737      www.cescanada.ca e. link@cescanada.ca

Head Office:
2180 Steeles Avenue West, Concord, Ontario  L4K 2Z5  (Canada)  
t. +1 905 760 9039   f. +1 905 760 9737      www.cescanada.ca e. link@cescanada.ca



environmental site evaluations.  Currently, electromagnetics, combined 
with a high-sensitivity magnetometer, is the technique of choice for most 
mining companies worldwide, to locate and define diamondiferous 
kimberlite pipes and base and precious metal deposits.

Electromagnetics

Through a licensing arrangement with other Canadian companies, 
CES is one of the few companies in the world providing 
Helicopter-borne Electromagnetic Surveys (HEM). 

Traditionally, helicopter-borne frequency domain electromagnetic (EM) 
systems are large and very heavy, typically 300 kg (675 lb.) just for the 
EM sensor (bird), and 600+kg (1,300 lb.) for a complete system.  In 
addition, they feature old-fashioned  analog signal processing.  Such 
systems are normally installed on large helicopters that are expensive to 
operate and have a limited range, endurance and operation ceiling due 
to the heavy weight of the survey system. Our "Hummingbird" EM 
system, on the other hand, provides the mining and exploration 
community with the first truly light-weight, multi-geometry, multi-
frequency, fully digital helicopter-borne electromagnetic system available
on a  contract survey basis.              

The following maps are from a 
helicopter-borne multi-sensor survey 
flown in north east Africa,  The system 
featured a Hummingbird EM system, a 
multi-channel gammaray spectrometer 
and a high-sensitivity cesium 
magnetometer.  Navigation was by 
differential GPS.

Total field magnetics colour 
contour image
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EM resistivity colour contour 
image

Potassium (gammaray  
spectrometer) colour contour 
image

Also available is Geotech's new high-resolution "SCORPION" 
helicopter-borne digital time-domain electromagnetic system.  
SCORPION is a fully-automated, 100% digital system that may be flown 
on a Bell 206B Jet Ranger or similar size helicopter.  Flown at low 
altitude (typically 30m above the ground) in association with a 
high-sensitivity magnetometer, SCORPION is a superb exploration tool,
providing detailed and accurate assessment information. 
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Helicopter-borne SCORPION  
digital time domain EM system 

Above profile is of data recently acquired with the SCORPION system over the Ontario 
Ministry of Northern Development & Mines' (MNDM) Reid-Mahaffy test   site near 
Timmins in northern Ontario.   The main conductor is of 10m graphite with varying 
sulphide content (up to 50%) and the secondary conductor is a   narrow graphite with 
20% sulphides.   The approximate overburden depth above   the main conductor is 60 
metres

HELIMAG
HELIMAGis a lightweight helicopter-borne high-sensitivity
magnetometer system.  Applications for HELIMAG includes mining
exploration, as well as environmental surveys.  HELIMAG is an excellent
tool for mapping small claim-block sized areas, or for conducting
detailed surveys in very rugged terrain where a fixed-wing aircraft may not  
safely work at low survey altitude. 

Basically comprised of a cesium magnetometer and differential GPS
navigation system, HELIMAG is designed for ease-of-use and for rapid
installation on a small helicopter.  Because the system is fully automated,
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HELIMAG does not require an operator.  The magnetometer is installed
at the front end of the boom, and the GPS antenna and radar altimeter
are installed on the helicopter.  Resolution of the HELIMAG system is
0.001 nT at a sampling rate of 20 Hz (20 times per second), equating to
a sample approximately every 1.4 meters along line at a survey speed of

100 kph.

HELIMAG system installed on a LAMA helicopter

ENVIRONMENTAL & ENGINEERING APPLICATIONS

Environmental and engineering applications for airborne geophysics are
numerous.  These include unexploded ferrous ordinance detection and
mapping, pipe mapping, mapping of contaminated ground water, salt
mapping of heavily irrigated agricultural lands, mapping saltwater
intrusions into fresh water areas, sea-ice thickness mapping,
shallow-sea bathymetry and more.  

The most commonly used techniques for environmental applications are 
helicopter-borne magnetic gradiometry and electromagnetics.  
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Gradiometry 

CES operates several helicopter-borne gradiometer systems,
including a towed-bird vertical gradiometer system, and a 3-sensor
horizontal gradiometer system.  These systems have various
applications including UXO detection and mapping and pipe-mapping.

Helicopter-borne towed-bird vertical 
magnetic gradiometer system 

Electromagnetics/Magnetics 

Another commonly used technique for environmental applications is
using a frequency domain EM and magnetometer system, such as the
Hummingbird system described earlier.   This system is an ideal tool for
mapping of contaminated ground water, salt mapping of heavily irrigated
agricultural lands, mapping saltwater intrusions into fresh water areas,

sea-ice thickness mapping and shallow-sea bathymetry
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AIRCRAFT

Fixed-Wing Airplanes

CES owns and operates a Piper PA-31 Navajo aircraft that may be
operated with a single magnetometer in a tail-stinger, two
magnetometers in wing-tip pods (horizontal transverse gradiometer), or
with four magnetometers (3-axis magnetic gradiometer system which is
ideal for kimberlite surveys) and leases a variety of other aircraft as
needed, sometimes on a long-term basis but also on a job-by-job basis. 
These aircraft include the Cessna C208 Caravan turbine engine aircraft,
the Cessna C-404 Titan II twin piston engine aircraft and the Cessna
C206 single piston engine aircraft. 

Cessna C208 Caravan aircraft configured for an ISMAP survey
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Helicopters

CES utilizes a variety of helicopters for its surveys, all of them leased
on a project-by-project basis from an operator in the general vicinity of
the survey area.  These helicopters include the McDonald-Douglas 500
series or NOTAR helicopters, Bell B206B Jet-Ranger, Bell B206L Long
Ranger, Eurocopter AS-315 LAMA, Eurocopter AS-350 A-Star and
more.   The choice of helicopter is determined by payload, terrain to be
surveyed, helicopter availability and budget. 

McDonald-Douglas MD-
520N NOTAR helicopter 
about to lift off with a towed-
bird vertical magnetic 
gradiometer system

HSE - HEALTH, SAFETY & ENVIRONMENT 

Safety is a very important aspect of any of CES's operations, and
nothing will be done to compromise aircraft safety. CES's standards
are published in our Health, Safety and Environment (HSE) Manual, and
in our Emergency Response Plan (ERP) Manual.  
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These documents constitute a comprehensive guide intended to help our
personnel and our clients undertake airborne operations anywhere in the
world in a safe and responsible manner.  No document, however, can be
complete to cover all possibilities and it is expected that individuals will
follow the steps which will best reduce the chances of accidents
occurring, reduce the severity of any incident, and will attempt at all  
times to manage a situation to achieve the best possible outcome. 

It is required that all individuals associated with CES's airborne
operations, including its clients, will read these documents and will
discuss any aspects which are not clear or understood with our HSE
Manager.  

During any survey, CES will ensure that the work performed is
carried out with the utmost regard for safety, and that all its personnel    
are fully conversant with safety standards set forth in the our HSE 
manuals.  

The aircraft pilot is ultimately responsible for the safety of each flight but,
if at any time anyone in the aircraft has a question about location,
intention, or safety, the pilot must use every effort to address the
concerns and resolve the question, without compromising the safety of
the flight.  If the crewmember is not satisfied with the pilot's response or
actions the crew member may request that the pilot terminate the flight
and return to the base of operations.  The pilot will comply with this
request and any disagreement or discrepancy will be resolved on the
ground. 

On arrival at a new survey base, a Site Specific Emergency Response
Plan is prepared by CES's Project Manager and posted in the field
office, and all crewmembers are made aware of the plan.  

The pilot will conduct a safety / operations briefing with the crew at least
once a week   These briefings will consist of the following:

• a review of safety and emergency equipment on board the 
aircraft 

• a review of emergency procedures and available emergency 
services 

• a review of the previous week's work to smooth out any rough 
points and/or suggest improvements

• a review of project status and operating plans for the coming 
week 
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