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INTRODUCTION	
	
E	&	P	Investments	Australia	Pty	Ltd	(E&P)	made	application	for	an	exploration	
permit	over	an	onshore	area	of	Tasmania	on	November	25,	2008.		The	
application	was	for	a	Category	4	Onshore	Exploration	Licence	over	an	
approximate	area	of	1560	sq	km,	located	on	the	eastern	coastline	between	
Scamander	and	Cape	Lodi.	
	
E&P	explained	to	the	department	that	onshore	hydrocarbon	exploration	in	
Tasmania	to	date	has	yielded	little	success.		The	Company’s	exploration	
approach	was	to	conduct	initial	screening	of	the	permit	to	ascertain	evidence	of	
surface	hydrocarbons	with	a	particular	focus	on	oil,	utilizing	the	Gore	Surface	
Geochemistry	sampling	system.		E&P	believed	it	possible	that	hydrocarbon	
generation	may	have	occurred	offshore,	east	of	the	Tasmanian	mainland	in	a	
hydrocarbon	kitchen	similar	to	the	Gippsland	basin,	with	migration	to	the	coast	
and	trapping	in	pinch‐out	or	sub‐cropping	structures.		The	Company	also	
considered	the	possibility	of	onshore	hydrocarbon	generation	from	the	
Gondwanan	system	and	the	Tasmanite	oil	shales.	
	
Given	the	lack	of	success	to	date,	E&P	believed	it	fundamental	that	some	
evidence	of	possible	trapped	hydrocarbons	is	confirmed	before	the	significant	
commitment	to	seismic	acquisition	and	drilling	is	made.		Providing	the	surface	
geochemistry	confirms	an	economic	zone	of	interest,	a	specific	2D	seismic	grid	
would	be	designed	and	acquired	to	cover	the	identified	zone	so	that	traditional	
geophysical	interpretation	and	mapping	can	be	conducted.		The	licence	SEL	
58/2008	was	granted	on	July	3,	2009	by	the	Director	of	Mines	and	deemed	to	
expire	on	22	June,	2014.	
	
The	Company	has	completed	two	Gore	surveys	and	engaged	independent	
consultants	to	assist	in	the	planning	and	interpretation	of	the	data,	and	has	
reviewed	the	commerciality	of	the	only	significant	zone	of	interest	to	attempt	to	
justify	further	commitment	to	exploration	over	EL	58/2008	(the	Permit).		To	date,	
approximately	$442,000	has	been	expended	by	E&P	on	the	exploration	and	
management	of	the	Permit.	
	
The	Gore	survey	results	were	largely	disappointing,	with	a	few	small	zones	
identified	from	the	results	of	the	first	survey.		Most	zones	only	provided	a	few	
positive	sample	results	defining	the	closures,	and	the	Company	had	concerns	
that	some	of	the	results	possibly	resulted	from	contamination.		In	particular,	the	
positive	sample	points	related	to	the	zones	near	St	Mary’s	were	heavily	
discounted	due	to	probable	contamination	given	their	proximity	to	built	up	
areas	and	the	extensive	coal	mining	and	transport	operations.			
	
Accordingly,	a	second	Gore	survey	was	conducted	which	specifically	targeted	
three	of	the	positive	zones	on	the	coast	with	a	number	of	higher	probability	
recordings	so	that	a	higher	density	grid	of	Gore	infill	samples	could	be	installed,	
where	greater	care	was	taken	to	avoid	existing	infrastructure	and	roads.	
The	infill	samples	confirmed	that	the	two	northern	zones	were	not	valid.		
However,	a	small	zone	immediately	to	the	west	of	Seymour	remained	valid	and	
further	geological	assessment	and	economic	screening	was	undertaken.	
	



The	Gore	results	are	designed	to	demonstrate	a	surface	signature	of	potentially	
trapped	hydrocarbons	where	according	to	Gore	the	extent	of	the	surface	
signature	is	considered	likely	to	closely	correlate	to	the	sub‐surface	extent	of	
the	underlying	trap.		The	Seymour	zone	was	confirmed	by	both	the	initial	and	
subsequent	infill	sampling	and	analysis.		The	zone	lies	in	close	proximity	to	a	
potential	mapped	fault	derived	from	analysis	of	existing	aero‐magnetic	data.		It	
was	calculated	that	the	zone	of	interest	had	an	estimated	closure	that	may	
correlate	to	a	potential	trap	of	approximately	2	km2.	
	
The	following	map	shows	the	positive	gore	sample	points	and	the	possible	areas	
of	closure	(red	geochemical	cluster	analysis,	yellow	geochemical	using	Wombat	
gasfield	(Victoria)	calibration)	in	the	Seymour	area:	
	
	
	 	

	



EXPLORATION	ACTIVITY	
	
Fault	analysis:	
Accordingly,	most	of	the	acreage	(approximately	1112	square	km)	was	
relinquished	and	around	50	square	km	retained	around	the	Seymour	area	for	
further	investigation,	where	review	and	analysis	of	existing	off‐shore	2D	seismic	
and	aeromagnetic	data	will	be	undertaken	to	attempt	to	confirm	fault	sufficient	
off‐set	which	may	support	the	existence	of	an	economic	trap	within	the	
prospective	zone	identified	by	the	Gore	surface	geochemistry.	
	
The	Company	again	engaged	Drs	O’Brien	and	Rawling	to	review	the	available	
seismic	data	in	an	attempt	to	confirm	seismic	evidence	of	various	major	faults	
identified	from	topographic	and	aeromagnetic	data	in	the	Seymour	area.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
In	order	to	better	assess	the	geometry	of	the	fault	structure,	a	magnetic	gradient	
edge	(Worm)	map	was	developed.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
The	worm	data	supports	the	suggestion	that	there	is	a	strong	structural	control	on	
the	Gore	sorber	data	and	that	this	signature	(at	least	in	the	region	sampled	in	this	
study)	is	dominated	by	the	effects	of	2	fault	sets	oriented	to	the	NNW	and	to	the	
NW.	
	



Seismic	analysis:	
Four	off‐shore	2D	seismic	lines	were	acquired	in	the	1969	by	ESSO	that	lie	
adjacent	to	the	permit	area,	T69B1,	T69B2,	T69B3	and	T69B4.		One,	T69B2	comes	
within	a	kilometre	of	the	Seymour	region.	Copies	of	the	lines	were	acquired	and	
digitized.		Analysis	of	the	available	2D	seismic	data	was	inconclusive,	as	no	faults	
could	be	interpreted	in	the	near	shore	zones	to	confirm	the	major	faults	identified	
by	the	previous	topographic	and	aeromagnetic	data	analysis.			Analysis	of	the	2D	
line	could	not	support	an	argument	for	hydrocarbon	migration	from	the	deeper	
off‐shore	source	rocks	to	the	onshore	zones	of	interest.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Magnetic	anomalies	analysis:	
A	number	of	authors	have	described	a	relationship	between	subtle	magnetic	
anomalies	and	hydrocarbon	producing	structures	(Wolleben	&	Greenlee	2002,	
LeSchack	&	Valasteen	2002,	Berger	et	al	2002,	Donovan	et	al	1979).			
	
A	number	of	papers	have	been	published	over	the	last	30	years	describing	a	
relationship	between	hydrocarbon	reservoirs,	seeps	and	magnetic	anomalies.		This	
effect	has	become	known	in	some	circles	as	the	Donavan	Effect	due	to	its	initial	
description	by	Donovan	et	al	in	1974	and	1979.		More	recently	workers	such	as	
Wolleben	&	Greenlee	2002,	LeSchack	&	Valasteen	2002	and	Berger	et	al	2002	have	
described	workflows	where	this	relationship	has	been	used	to	constrain	the	extent	
of	hidden	hydrocarbon	accumulations.	
	
A	further	study	was	undertaken	to	assess	the	potential	for	applying	similar	
techniques	and	workflows	using	existing	datasets	to	in	the	study	area	to	estimate	
offset	on	faults	in	the	potential	reservoir	region.	
	
Magnetic	profiles	were	developed	utilizing	a	grided	magnetic	image,	which	show	a	
clear	positive	magnetic	anomaly	visible	immediately	to	the	west	of	the	region	of	
interest	at	Seymour.		There	is	also	a	negative	magnetic	anomaly	to	the	south	and	
east	of	the	high.		Whist	it	could	be	argued	that	there	appears	to	be	a	relationship	
between	the	magnetic	low	and	some	of	the	positive	Gore	samples,	which	could	
indicate	fluid	flushing	and	magnetite	dissolution	along	a	fault,	this	relationship	is	
far	from	clear	and	is	the	opposite	to	that	expected	by	the	Donovan	effect	where	



fluids	deposit	magnetite	resulting	in	localized	and	broad	positive	anomalies.	
Analysis	of	geological	mapping	data	and	more	regional	onshore	RTP	images	
(reduced	to	pole)	indicate	that	magnetic	high	is	likely	to	be	associated	with	
Jurassic	dolerite	exposures	and	that	the	medium	wavelength	stippling	that	
produces	the	high	and	low	anomalies	is	typical	of	these	dolerites	in	NE	Tasmania.	
	
Summary	
	
The	available	magnetic	line	data	was	not	considered	a	high	enough	resolution	to	
allow	micro‐magnetic	analysis	of	the	type	proposed	by	Wolleben	&	Greenlee	2002	
or	Donovan	et	al	1979.		There	are	no	observable	magnetic	anomalies	that	can	be	
attributed	either	to	the	faults	in	the	target	region	or	to	fluid	or	hydrocarbon	
migration	along	these	faults,	which	may	suggest	the	absence	or	failure	of	a	trapped	
reservoir.	
	
E&P	elected	to	undertake	one	final	study	using	an	independent	geophysical	firm,	
3D‐GEO	Pty	Ltd,		experienced	in	the	region	with	strong	experience	in	geological	
modeling	and	working	in	regions	with	limited	data,	to	see	if	any	approach	has	been	
overlooked	before	making	a	final	decision	to	relinquish	the	remaining	acreage.	
	
The	micro‐magnetic	analysis	report	and	supporting	data/papers	are	attached	to	
this	Annual	Report.	
	
	
	 	



Report	on	available	potential	field	data	and	its	applicability	to	hydrocarbon	
exploration	in	the	Seymour	region	of	Eastern	Tasmania	
	
Dr	Tim	Rawling	
	
Background	
	
Two	Gore	surveys	in	the	Seymour	region	of	eastern	Tasmania	consistently	defined	
a	potential	anomaly	indicating	the	presence	of	surface	hydrocarbons.		The	location	
of	this	anomaly	coincides	with	the	possible	intersection	of	several	faults	
interpreted	from	both	potential	field	studies	and	analysis	of	other	available	
remotely	sensed	datasets	and	high‐resolution	digital	terrain	models.	
	
A	number	of	authors	have	described	a	relationship	between	subtle	magnetic	
anomalies	and	hydrocarbon	producing	structures	(Wolleben	&	Greenlee	2002,	
LeSchack	&	Valasteen	2002,	Berger	et	al	2002,	Donovan	et	al	1979).		The	aim	of	
this	study	is	to	assess	the	potential	for	applying	similar	techniques	and	workflows	
using	existing	datasets	to	in	the	study	area.			
	
Additionally	profiles	from	the	available	gravity	datasets	would	be	used	if	possible	
to	estimate	offset	on	faults	in	the	potential	reservoir	region.	
	
Available	datasets	
	
A	number	of	aeromagnetic	and	gravity	datasets	are	available	from	the	region	of	
interest	in	eastern	Tasmania.		Numerous	high	resolution	airborne	surveys	were	
conducted	in	the	Finigal	region	for	minerals	exploration.		Unfortunately	there	
surveys	do	not	extend	far	enough	south	to	be	of	use	in	this	study.			
	
As	a	result	the	highest	resolution	magnetic	data	available	was	a	combination	of	the	
2007	(onshore)	MRTAS_North_East_Tasmania_magnetic_line_data	with	a	200m	
line	spacing	and	the	1994	(mostly	offshore)	Tasmania_Offshore_Tas_magwith	a	
400m	line	spacing.		Primary	flight‐line	data	was	downloaded	from	the	GADDS	
website	at	GA	and	loaded	for	profile	analysis	and	gridding.	
	
The	gravity	data	used	in	the	study	was	a	combination	of	land	and	ship	based	data	
of	varying	resolution	complied	in	the	National_Gravity_Database_AAGD07	
	
Application	of	micromagnetic	data	to	hydrocarbon	exploration	
	
A	number	of	papers	have	been	published	over	the	last	30	years	describing	a	
relationship	between	hydrocarbon	reservoirs,	seeps	and	magnetic	anomalies.		This	
effect	has	become	known	in	some	circles	as	the	Donavan	Effect	due	to	its	initial	
description	by	Donovan	et	al	in	1974	and	1979.		More	recently	workers	such	as	
Wolleben	&	Greenlee	2002,	LeSchack	&	Valasteen	2002	and	Berger	et	al	2002	have	
described	workflows	where	this	relationship	has	been	used	to	constrain	the	extent	
of	hidden	hydrocarbon	accumulations.	
	
In	order	to	use	these	techniques	successfully	it	is	suggested	that	High‐resolution	
aeromagnetic	data	(HRAM)	is	used	and	integrated	with	other	remotely	sensed	



datasets	such	as	RADARSAT‐1	imagery	to	first	define	the	architectural	elements	
that	may	be	critical	to	trap	formation	(faults	and	structures)(eg	Berger	et	al	2002).			
	
In	order	to	then	use	the	data	to	constrain	magnetic	anomalies	associated	with	the	
structures	magnetic	data	flown	at	100m	or	less	and	sampled	every	0.1sec	is	
required.		The	line	data	is	then	processed	so	that	long	,	medium	and	short	
wavelength	anomalies	are	defined.		The	data	is	analyzed	and	deviations	from	the	
expected	background	(long	wavelength)	profile	are	highlighted.		When	these	
deviations	gradually	increase	and	then	decrease	over	a	length	scale	similar	to	that	
expected	of	target	reservoirs	in	the	region	they	are	highlighted.		Analysis	of	
imagery,	geology	data	and	cultural	data	is	then	used	to	look	for	possible	causes	for	
these	deviations.		When	no	other	cause	can	be	ascertained	the	anomaly	is	
attributed	to	hydrocarbon	leakage	and	other	tests	are	run	to	verify	this	
(chemical/seismic/etc).	
	
The	description	provided	by	Wolleben	and	Greenlee	2002	is	perhaps	the	most	
comprehensive	(see	accompanying	documentation)	and	their	Figures	1‐4	highlight	
the	nature	of	the	expected	anomalies.	
	
Magnetic	profiles	across	Seymour	
	

	
	
Figure	1	‐	Location	map	showing	Profiles	1,	2	and	3	below.	
	

	
	



	
	

	
	
Figure	2	‐	Profiles	1,	2	&	3	showing	topography,	magnetics	(regional	and	offshore	
lines)	and	gravity	
	

	
	
Figure	3	‐	200m	offshore	magnetics	data	stitched	with	onshore	data	at	coast.		This	
is	regrided	data	from	original	flight‐line	data	downloaded	from	GADDS.				
	
Analysis	of	the	profiles	presented	above	along	with	the	grided	magnetic	image	
presented	in	Figure	3	show	that	there	is	a	clear	positive	magnetic	anomaly	visible	
immediately	to	the	west	of	the	region	of	interest	at	Seymour.		There	is	also	a	
negative	magnetic	anomaly	to	the	south	and	east	of	the	high.			
	
Whist	it	could	be	argued	that	there	appears	to	be	a	relationship	between	the	
magnetic	low	and	some	of	the	positive	Gore	samples,	which	could	indicate	fluid	
flushing	and	magnetite	dissolution	along	a	fault,	this	relationship	is	far	from	clear	
and	is	the	opposite	to	that	expected	by	the	Donovan	effect	where	fluids	deposit	



magnetite	resulting	in	localized	and	broad	positive	anomalies.	Analysis	of	
geological	mapping	data	and	more	regional	onshore	RTP	images	(reduced	to	pole)	
indicate	that	magnetic	high	is	likely	to	be	associated	with	Jurassic	dolerite	
exposures	and	that	the	medium	wavelength	stippling	that	produces	the	high	and	
low	anomalies	is	typical	of	these	dolerites	in	NE	Tasmania.		
	
Further	analysis	of	the	profiles	indicates	that	there	are	no	observable	anomalies	in	
the	region	of	positive	Gore	analysis	and	that,	in	any	case,	the	lateral	sampling	
resolution	in	the	available	datasets	is	not	high	enough	to	allow	for	the	
discrimination	of	anomalies	of	the	type	described	by	Wolleben	&	Greenlee	2002,	
LeSchack	&	Valasteen	2002,	Berger	et	al	2002	and	Donovan	et	al	1979.		In	order	to	
carry	out	analysis	of	this	kind	micromagnetic	profiles	would	need	to	be	acquired	
across	the	region	allowing	for	the	characterization	of	both	high	and	medium	
frequency	anomalies	as	described	above	and	by	Wolleben	&	Greenlee	2002.	
	
Gravity	modeling	of	potential	fault	offsets	in	the	Seymour	region	
	

	
Figure	4	–	Bouger	gravity	image	for	the	Seymour	region.	
	
An	additional	aim	of	this	work	was	to	assess	whether	there	was	any	possibility	of	
estimating	throw	on	the	basin	bounding	fault	to	the	west	of	the	possible	reservoir	
in	order	to	assess	the	potential	reservoir	depth	and	thus	volume.				
	
A	number	of	profiles	were	loaded	into	a	gravity	2.5	forward	modeling	package	and	
an	assessment	was	done	on	the	value	of	running	a	series	of	scenarios.		
Unfortunately,	once	again	the	resolution	of	the	available	gravity	datasets	in	the	
region	of	interest,	along	with	a	lack	of	constraining	geometric	data	at	depth	and	
few	density	measurements	do	not	allow	for	constrained	forward	models	of	the	
type	that	would	give	us	confidence	in	the	results.		
	
Figure	4	shows	the	gridded	gravity	data	from	the	region	and	the	smooth	gradients	
indicate	that	features	at	the	scale	of	interest	(which	would	produce	higher	



frequency	responses)	have	not	been	resolved	and	so	can	not	be	modeled	
accurately.	
	
Conclusions	
	

1. The	available	magnetic	line	data	is	not	high	enough	resolution	to	allow	
micromagnetic	analysis	of	the	type	proposed	by	Wolleben	&	Greenlee	2002	
or	Donovan	et	al	1979.	

2. There	are	no	observable	magnetic	anomalies	that	can	be	attributed	either	
to	the	faults	in	the	target	region	or	to	fluid	or	hydrocarbon	migration	along	
these	faults.	

3. The	Gore	sampling	did	suggest	that	there	may	have	been	leakage	of	
hydrocarbons	along	the	faults	described	in	previous	reports.		As	the	
micromagnetic	techniques	described	above	have	the	potential	to	define	the	
extent	of	buried	reservoirs	and	associated	seeps,	there	is	potential	to	
acquire	new	data	of	the	required	resolution	and	interpret	it	as	described	by	
the	aforementioned	authors.	

4. This	would	require	commissioning	of	a	geophysical	company	with	the	
appropriate	equipment	to	fly	several	lines	over	the	target	region	and	a	
contractor	familiar	with	the	technique	and	workflow	to	process	and	
interpret	the	resultant	data.		Whist	cheaper	than	acquiring	seismic	this	
would	be	a	costly	undertaking	with	no	guarantee	of	success.	

5. Given	the	lack	of	additional	data	constraints	from	the	available	geophysical	
data	we	are	really	back	where	we	started.		In	summary	there	are	known	
structures	in	the	region	and	there	is	a	know	source.		The	migrations	
pathways	are	not	well	understood	and	the	geometry	and	volume	of	any	
potential	reservoir	is	poorly	constrained.		The	Gore	samples	indicate	there	
has	been	hydrocarbon	seepage	in	the	region	and	this	correlates	with	the	
known	gas	emitting	wells	in	the	region	and	other	anecdotal	evidence	such	
as	hydrocarbon	slicks	forming	in	local	waterways	from	time	to	time.		My	
personal	feeling	is	that	this	play	is	a	long‐shot	with	just	enough	of	a	sniff	to	
prevent	us	from	dismissing	it.		Making	any	more	of	a	call	than	this	is	not	my	
area	of	expertise	however	and	I	suggest	that	you	seek	further	technical	
advice	before	making	any	decision	regarding	relinquishment	or	spending	
additional	money	on	the	ground.	
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Summary

Technological advancement in magnetometers has resulted in the possibility of measuring the magnetic field with high accuracy; 
to add to this the improvement in the positioning of the aircrafts using GPS, compensation software / hardware for suppressing 
airplane noise and gradiometer measurements have led to a sea change in the kind of resolution that can be achieved in the study 
of aeromagnetic anomalies. This combined with the availability of sophisticated computers and data processing and imaging 
techniques has made it possible to identify and interpret the miniscule magnetic signatures associated with hydrocarbons. 
Further, there has been a global surge in geochemical studies to understand magnetic mineralogy, in particular those associated 
with hydrocarbon seepage and migration that could result in weak magnetic signatures. Thus a combination of recent 
developments in various fields has resulted in making the Magnetic Method ‘a Tool to reckon with’, for hydrocarbon exploration.
Global examples of the different types of surveys and the resultant improvement in magnetic data interpretation related to 
hydrocarbon exploration will be presented.

Introduction

The Magnetic Method has for a very long time contributed 
in assisting oil exploration, mainly as a secondary 
reconnaissance tool, by helping to define the basement 
structures that control emplacement of hydrocarbon in 
overlying sedimentary basins. Although advances made in 
acquisition, processing and interpretation of aeromagnetic 
data were being widely applied to the exploration of 
minerals and geothermal resources, there was a lull in the 
application of the magnetic method to petroleum 
exploration in the mid seventies. However, in the recent 
past, technological advancement in instruments, better data 
collection procedures,  associated data interpretation / 
imaging techniques and better understanding of magnetic 
mineralogy has promoted the magnetic method from a 
reconnaissance tool to a method that a specialist needs to 
consider seriously for the purpose of hydrocarbon 
exploration. 

Technological Advancement of the Magnetic 
Method

Improvement in the instrumentation technology has led to 
the development of accurate magnetometers; the currently 
available Cesium vapor Magnetometers and Overhauser 
Magnetometers are able to measure data with an accuracy 
of 0.001nT.  The SQUID magnetometer is one of the most 
sensitive measurement devices known to man. SQUID or 
Superconducting Quantum Interference Devices, measure 
extremely small magnetic fields as small as 10-15 Tesla or 
one femto-Tesla. With the availability of gradiometers 
measuring horizontal and vertical gradients in the total 
magnetic field, it is possible to enhance the gradients of the 
observed weak magnetic anomalies and thereby map 
lithological / geological structures prospective for 
hydrocarbon exploration, very accurately. This coupled 
with precise aircraft positioning using GPS and software / 
hardware for suppressing airplane noise has resulted in 
marked improvement in the data acquisition quality and 
resolution. Blakely (1995) describes in detail the various
possible data processing techniques including forward and 
inverse modeling for analysis of magnetic data. With the 
availability of sophisticated computers and data processing 



and imaging techniques, the interpretations have improved 
manifold and have contributed to a quantum jump in the 
application of aeromagnetic data to hydrocarbon 
exploration. Thus, major strides have been made in the 
acquisition, processing and interpretation of aeromagnetic 
data.

One of the major problems in the application of magnetic 
methods is the isolation of weak magnetic anomalies 
caused by low concentrations of the magnetic minerals in 
sediments. These weak anomalies are often masked by 
much stronger magnetic anomalies caused by underlying 
magnetic rocks and/or by rocks in the sedimentary basin. 
Proper filtering techniques need to be applied to isolate the 
signal from the noise; the weak anomalies can be 
effectively isolated by applying selective band pass 
filtering filters. It maybe noted that for aeromagnetic data,  
the along flight data spacing, flight altitude and flight line 
spacing play an important role in the resolution of the data 
collected. Available aeromagnetic data over India at the 
reconnaissance scale (1:250,000) are collected at a flight 
altitude of around 1.2 km with a flight line spacing of 4 km. 
with sample spacing of 20m and accuracy of 0.1 nT
(Rajaram et al, 2006). Whereas, High Resolution 
Aeromagnetic (HRAM) data for petroleum exploration are 
commonly defined as data collected at a flight line spacing 
of 800m or less at flight heights of 150m or less, at 15 m or 
less sample spacing along the flight line and at better than 
0.1nT accuracy (Glenn and Badgery, 1998). Several 
countries have repeated their aeromagnetic surveys keeping 
pace with the technology especially in regions of viable 
resources. Helicopter mounted system can be used in areas 
with strong topographic effects as these can be flown while 
draping the landscape, and as such, minimize the effect of 
topography. Super HRAM data is collected from a 
helicopter platform; according to Image Interpretation 
Technologies Inc. (2005), for SHRAM, typically the data is 
collected at  30 – 50 m above the ground and with 50 – 200 
m flight line spacing. By flying closer to the ground with 
decreasing flight line spacing, there is a dramatic increase 
in resolution; the helicopter-borne SHRAM data can detect 
even the subtlest sedimentary magnetic anomalies that are 
created in the shallow sedimentary section.  

Magnetic Mineralogical Studies

The International Association of Geomagnetism and 
Aeronomy has declared the current decade as the Decade of 
Geopotential Research. Several Satellites dedicated to 
making measurements of the geomagnetic field have been 
put in orbit, during this period. This has ushered in a global 
interest in understanding the cause of the geomagnetic 
anomalies and resulted in intricate geochemical studies to 
understand magnetic mineralogy. Of particular interest in 
this regard is the understanding of the changes in magnetic 

mineralogy caused by hydrocarbon seepage and migration 
that could result in weak magnetic signatures. The 
hydrocarbons leak in varying quantities to the surface and 
produce, through geochemical interaction, magnetic 
minerals in the sediments. The process commonly 
associated with and generated by hydrocarbon micro-
seepage include the authigenic precipitation of pore filling 
carbonate cements, which may decrease permeability of 
sealing cap rock and the diagenetic, largely microbial 
conversion process of weakly magnetic hematite parent 
mineral to strongly magnetic magnetite (Stone et al, 2004). 
Authigenic magnetite maybe generated in at least two 
ways: Reduced iron combines with hematite and water to 
form magnetite and secondly, iron reduced at some depth 
migrates upwards into an oxidizing zone and oxidation 
would directly produce magnetite and maghemite 
(Donovan et al, 1984). The magnetic contrast between 
sedimentary rocks of normally low magnetic susceptibility 
and those locally enriched with this epigenetic magnetite 
results in distinctive magnetic signatures resulting in 
characteristic “magnetically enhanced zones” which have 
proven invaluable in hydrocarbon exploration. In China, 
soil magnetic measurements (susceptibility and hysteretic 
parameters)  and soil hydrocarbon analysis were conducted 
near the Jingbian gas field and their results provide strong 
evidences for the formation of highly magnetic minerals in 
close association with hydrocarbon seepage (Liu et al, 
2004). Recognition of such seepage induced magnetic 
anomalies can be used to facilitate the exploration of oil 
and gas. Enrichment of magnetic mineralization due to 
hydrocarbon migration is also a well know phenomenon 
(see articles in Schumacher and Abrams, 1996). 

Urquhart (2004) states that “Bacteria and other microbes 
play a profound role in the oxidation of migrating 
hydrocarbons. Their activities are directly or indirectly 
responsible for many of the diverse surface manifestations 
of petroleum seepage. These activities, coupled with long-
term migration of hydrocarbons, lead to the development of 
near-surface oxidation-reduction zones that favor the 
formation of hydrocarbon-induced chemical and 
mineralogical changes. This seep-induced alteration effect 
has led to the development of a varied number of 
geochemical exploration techniques. Some detect 
hydrocarbons directly in surface and seafloor samples, 
others detect seep-related microbial activity, and still others 
measure the secondary effects of hydrocarbon-induced 
alteration using magnetic techniques”. He discusses the 
Sedimentary Residual Magnetic (SRM) anomaly method 
which depends on the magnetic properties of the rocks in 
the sedimentary section being changed by the presence of 
hydrocarbons at depth; these changes produce magnetic 
anomalies that are distinguishable from anomalies 
produced by the magnetic basement and other effects. The 
test studies show that in practice the method will enhance 



the success rate of an exploration program where the SRM
method is incorporated into the methodology

Examples

An excellent example of the utility of improving resolution 
of aeromagnetic data is available from the Western Canada 
Sedimentary Basin (WCSB). The Geological Survey of 
Canada (GSC) had collected data over WCSB at the 
reconnaissance scale. Subsequently, magnetic surveys of 
this Basin have been carried out extensively, at different 
resolutions. Hassan (2003) of GEDCO, has made a 
comparison of the HRAM data and GSC data collected 
over the WSCB and finds that the GSC data does not have 
adequate frequency content to solve structural problems 
except on very regional scale while the HRAM data could 
resolve faults both in the basement and in the sedimentary 
section and allow one to map the basement. Further, 
selected areas of WCSB were re-flown using helicopter to 
collect SHRAM data. Image Interpretation Technologies 
Inc. (IITech, June 2005) have compared the HRAM and 
SHRAM data sets; a thrust fault identified in the HRAM 
data appeared to be offset in a sinistral sense suggesting a 
tear fault in the sedimentary section. However, the better 
resolution of the SHRAM data suggested a lateral ramp in 
the hanging-wall of the thrust, rather than a tear fault.

Several examples to demonstrate the enhanced resolution 
achieved in the magnetic anomalies that could be used for 
hydrocarbon exploration purposes, will be presented.

Conclusions

The integrated efforts of Engineers, Geophysicists, 
Computer Scientists, Petrologists and Geochemists 
amongst others  have resulted in transforming the Magnetic 
Method for Hydrocarbon exploration from a mere 
reconnaissance tool to a method that can now provide 
levels of detail that are compatible to those derived from 
seismic, well and surface geological data. The Magnetic 
Method is here to stay!!
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