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CHAPTER 1

INTRODUCTION

The Barberton mountain land displays an unrivalled 
succession of some of the oldest rocks on the planet. It 
is situated in the Eastern Transvaal lowveld region of 
South Africa and extends into Swaziland (see figure 1). 
It is an extremely rugged tract of country which remained 
virtually unexplored until the 1880's, the main deterrent 
being the mosquito and tsetse fly whici infested the low 
lying land surrounding the mountains. Gold prospectors 
were the first to brave the malaria and open up the 
country. In 1881 they were rewarded with a gold strike 
in northwestern Swaziland - the rush was on! The town of 
Barberton has always been intimately associated with 
mining and indeed derives its name from three early 
prospectors, Graham Barber and his two cousins who 
exposed Barber's reef behind the present loci tion of the 
town. Historical gold ore production from the region has 
exceeded 250 tonnes from over 350 occurrences. Today 
there are a number of operational mines in the mountain 
land returning healthy profits to their shareholders. 
The majority of the gold has been derived from gold 
quartz lode deposits many of which are located adjacent 
to major regional faults.

The Barberton mountain land is an elongate, linear 
Archaean granite-greenstone terrane comprising 
supracrustal volcanic and sedimentary rocks, termed the 
Barberton Sequence (SACS 1980). It forms one of the 
oldest, best developed and best preserved examples of 
Archaean Strata in southern Africa if not in the world, 
approximately 3.43 - 3.56Ga (Barton, 1982).
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CHAPTER l

INTRODUCTION

The Barberton mountain land displays an unrivalled 
succession of, some oz the oldest rocks on th< >lanet. It 
is situated in the Eastern Transvaal lowveld region f 
South Africa and extends into Swaziland (see figure 1). 
It is an extremely rugged tract of country which remained 
virtually unexplored until the 1880's, the main deterrent 
being the mosquito and tsetse fly which infested the low 
lying land surrounding the mountains. Gold prospectors 
were the first to brave the malaria and open up the 
country. In 1881 they were rewarded with a gold strike 
in northwestern Swaziland - the rush was on! The town of 
Barberton has always been intimately associated with 
mining and indeed derives its name from three early 
prospectors, Graham Barber and his two cousins who 
exposed Barber's reef behind the present location of the 
town. Historical gold ore production from the region has 
exceeded 250 tonnes from over 350 occurrences. Today 
there are a number of operational mines in the mountain 
land returning healthy profits to their shareholders. 
The majority of the gold has been derived from gold 
quartz lode deposits many of which are located adjacent 
to major regional faults.

The Barberton mountain land is an elongate, linear 
Archaean granite-greenstone terrane comprising 
supracrustal volcanic and sedimentary rocks, termed the 
Barberton Sequence (SACS 1980). It forms one of the 
oldest, best developed and best preserved examples of 
Archaean Strata in southern Africa if not in the world, 
approximately 3.43 - 3.56Ga (Barton, 1982).
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EASTERN TRANSVAAL 
GRANITE - GREENSTONE DISTRIBUTION

( a fter Anhaeusser & Eobfa 1981 )

FIGURE 1



It has become one of the best studied greenstone terranes 
in the world, yet despite this, the deep structure of the 
belt and the original stratigraphy of tne Barberton 
Sequence am4 its surrounding granitoid terrane, remains 
incomplete an ; ntroversial.

'SATA COLLECTION

This project was sponsored by Gencor Ltd who own a number 
of mineral claims and operating gold mines in the 
northern Barberton mountain land. During September 1990, 
Gencor Ltd, acquired extensive high resolution airborne 
magnetic and radiometric data over the Barberton 
greenstone belt, under the authors direction. These data 
provide the basis for this dissertation.

OBJECTIVES

The objectives of this dissertation :e tos design 
suitable survey parameters for the magnetic/radiometric 
survey; supervise and ensure adequate quality control of 
the data acquisition; compile and process the data; 
evaluate the data and compile an improved regional 
geological map for the Barberton mountain land and hence 
derive an improved structural model for the region.
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CHAPTER 2

GEOLOGY

o

- o
!

This is a geophysical dissertation and as such an in- 
depth discussion of the geology is beyond the scope of 
this text. The following is a broad overview.

2.1 OVERVIEW

It was Viljoen and Viljoen (1969a) and Antaeusser, et 
si., (1969), who first proposed that the Barberton 
mountain land represented an undisturbed Archaean 
greenstone succession. Located in the Eastern Transvaal 
Lowveld, immediately east of the Drakensburg escarpment, 
the mountain land is a wedge shaped triangular tract of 
rugged country, surrounded by a variety of intrusive 
tonalitic diapirs. These have disrupted the lithologies 
producing profound metamorphic and structural alterations 
(Anhaeusser 1966, Hunter 1S74, Roering 1965, Urie and 
Jones 1965).

The granite-greenstone distribution is shown in figure 1, 
apparent in this are arcuate, narrow, tapering 
protuberances of stratiform rocks which trend in all 
directions away from the main east-northeast trending 
grain of the greenstone belt. These protuberances or 
schist belts, attain their best development on the 
northwest, west and southwest sides of the belt. The 
most spectacular is the Jamestown schist belt, which 
trends to the northwest of Barberton (figure 1), where it 
disappears under the younger, flat lying quartzites of 
the Black Reef Formation and the lavas of the Godwan 
Formation.



The Jamestown belt is slightly arcuate being concave 
towards the south and has a strike length of 35 km, 
(Anhaeusser, 1968). Plan no. 1 presents a detailed 
geological map of the northern mount i.Li a land {derived 
from the government 1:50 000 sheets) s a summarised 
version can be found in figure 5.

STRATIGRAPHY

Geologically the area is underlain by a variety of rock 
types, collectively grouped as belonging to the Barberton 
Sequence (SACS 1980). This sequence is divided into 
three major stratigraphic units, based on the work of 
Viljoen and Viljoen (1969b), and Anhaeusser (1975),. (see 
Figure 2)»--

ONVERWACHT GROUP

The Gnverwacht Group forms the oldest phase and consists 
mainly of metamorphosed basaltic and ultramafic roc,.J( 
together with siliceous sediments. The assemblage is 
essentially volcanic in origin and has undergone 
considerable alteration in places, producing a variety of 
basic and siliceous schists. The rocks in the sequence 
constitute the initial magmatic, or ophiolitic, 
assemblage of thu Swaziland geosyncline.

Viljoen and Viljoen (1970) divided the Qnverwacht Group 
into a lower ultramafic-mafic volcanic unit, the 
Tjakastad Sub-group and an upper mafic-felsic volcanic 
unit, the Geluk Sub-group, separated by a thick band of 
cherty limestone and shale, known as the Middle Marker. 
They recognised three formations in each subgroup with a 
combined apparent stratigraphic thickness in excess of 15 
km, these being; the Sandspruit, Theespruit and Komati 
Formations of the Tjakastad Sub-group;
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2.2,2

and the Hooggenoeg, Kromberg and Swartkoppie Fondations 
of the Geluk Sub-group. The Swartkoppie Formation is a 
contentious unit as it contains green and grey schists 
derived from acid and intermediate volcanics, basic 
schists derived from basaltic volcanics, cherts, 
pyroclastics, banded ferruginous cherts and ç reywackes ? 
(Viljoen and Viljoen 1969c). Steyn (1976) termed this 
mixture the 'Swartkoppie Bar'.

Authors have been unsure whether to place it at the top 
of the Onverwacht or base of the Fig Tree succession. 
Leinster (1992) surmised that the Swartkoppie Formation 
has acted as a décollement zone during deformation and 
may be a tectonic unit that does not, strictly, form part 
of the stratigraphy.

FIG TREE GROUP

The Fig Tree Group is essentially a sedimentary sequence 
overlying the Onverwacht rocks, consisting of terrigenous 
elastics with intercalated volcaniclastic tuffs and 
felsic lavas. The sediments display deep water turbidity 
current depositional characteristics. Three Formations 
have been recognised

The Sheba Formation consists of greywackes and shales 
with minor banded ferruginous cherts. This is overlain 
by the Belvue Road Formation consisting of sandy shales, 
tuffs and banded ferruginous cherts, At the top of the 
succession are course grained tuffs grading upwards 
through fine grained tuffs to the overlying agglomerates 
and jlsic lavas of the Schoongezicht Formation. A 
combined stratigraphic thickness of 2000m, has been 
recognised within the Fig Tree Group, (Anhaeusser 1975).
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2.2.3 MOODIES GROUP

The Moodies Group overlies the Pig Tree strata, 
unconformably in places, and is made up of conglomerates, 
quartzites, shales, and a few bands of magnetic jaspilite 
and lava. The Moodies sediments provide evidence of 
shallow-water deposition, thus contrasting sharply with 
the essentially deep water environment of the Fig Tree 
succession and are likened to molasse sediments of 
geosynclines.

Anhauesser (1975) divided the Group into three 
sedimentary cycles which he termed the Clutha, Joe's Luck 
and Baviaanskop Formations. The Clutha Formation 
consists of a basal conglomerate, considered by Ramsay 
(1963) to be a disconformity, overlain by felspathic 
quartzites, magnetite shales and greywacke/shales. The 
Joes Luck and Baviaanskop Formations essentially repeat 
the Clutha Formation, with an increasing sandstone 
content towards the top of the succession. The Moodies 
facies thicken towards the northern half of the mountain 
land where they reach a combined stratigraphic thickness 
of around 3 000 m (Anhaeusser, et aX., 1968).

2.2.4 INTRUSJVES

The Barberton greenstone belt is surrounded by intrusive 
plutonic rocks that are integrally involved with its 
history. There are two suites, termed the Northern and 
Southern, which were emplaced 3,2Ga and 3.4Ga 
respectively, (Kroner, et al., 1991). Both suit s 
display evidence of structural emplacement, with only 
minor aureoles of amphibolite grade metamorphism 
developed along the contacts.
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It was suggested by Lowe (1991) thut the Southern suite 
of intrusives is co-magmatic with the development of 
felsic volcanics ir the Onverwacht Hooggenoeg Formation.

Greenstone fragments have been identified in the Stentor 
pluton, along the mountain land's northern margin. This 
would indicate that the pluton is a sheet or sill-like 
body, implying that the original granite-greenstone 
margin lies north of the Stentor pluton (Thomkinson and 
King 1991).

2.2.5 PHYSICAL PROPERTIES

Currently there exists no physical data base for the 
Barberton lithologies. In particular no measurements of 
magnetic remanence have been published. A number of 
susceptibility measurements were taken by the author with 
a Scintrex hand held susceptibility meter (see table 
5.1). These were used to aid the modelling of magnetic 
anomai.es.

--' ' 

o

j

2.3 STRUCTURE

The regional structure of the Barberton greenstone belt 
is that of a broad regional synclinorium with a 
pronounced east-northeast, west-southwest trend, similar 
to that of a number of other Archaean greenstone belts 
within the north-east sector of the Kaapvaal Province. 
Within this synform, numerous tight synclinal folds occur 
that plunge south to south-east, with steeply dipping to 
overturned limbs. These are separated by major normal 
wrench faults that follow the grain of the belt 
(Figure 3). These regional faults divide the Barberton 
greenstone belt into a number of distinct narrow 
structural zones.
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NORTHERN BARBERTON MOUNTAIN LAND 
MAJOR FAULT LINEAMENTS MAP

(Source : Geological Survey Of South Africa, Sheet 2530 Barberton)

FIGUBE 3



Many faults show evidence of having been reactivated as 
transcurrent faults and numerous examples of detachments 
have been identified? (Anhaeusser, et al., 1968, 
Anhaeusser, 1975).

At surface the limbs of the major folds dip moderately to 
steeply. This led initial investigators to extrapolate 
the limbs of the synclines down to extreme depths, 
resulting in an entrenched view of the belt having a keel 
at a depth of 20 to 40 km (Anhaeusser, et al., 1969, 
Viljoen and Viljoen 1969c). The depth was later updated 
to between 10 and 20 km (Anhaeusser 1973, Hunter 1974). 
Deformation was odelled as being due to vertical 
tectonic forces caused by density inversion and diapirism 
of a down-sagging dense greenstone terrane into an 
upwelling less dense granitoid terrane.

More recently the traditional model has been scrutinised 
in the light of modem geophysical and structural 
investigations. This has led to its rejection and the 
development of a new scenario for the tectonic evolution 
of the greenstone belt.

A positive residual gravity anomaly was found to be 
centred over the belt. Geophysical modelling of this 
anomaly has yielded a depth for the belt in the order of 
3km (Burley, et a l . , 1970). Darracott, (1975), inferred 
a maximum depth to the base of the Onverwacht of 6km, but 
considered a depth of 3km to be the most probable. 
Geoelectrical soundings were carried out in the belt by 
de Beer, et al., (1988). These again indicated a depth 
for the belt in the order of 3km. A shallow broadly 
tubular structure is therefore more compatible with the 
geophysical data.
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The geophysical evidence is supported by the field work 
of Fripp, et al., (1980), who mapped large, southward 
dipping, late stage imbricate thrusts. They interpreted 
these as shear and mylonite zones that detached into a 
south dipping sole thrust at the base of the greenstone 
succession, at a depth of approximately 5-8km. 
Truncation of the synclines by such a thrust convincingly 
explains the observed gravity and electrical 
measurements.

Thrust faulting has been demonstrated at a number of 
locations in the Barberton greenstone belt (Anhaeusser, 
et al., 1968? de Wit, 1982? de Wit, et al., 1983). Paris 
(1987) and de Wit, et al., (1983) have hypothesised that 
the Onverwacht succession represents an Archaean 
ophiolite complex that was obducted onto a sialic 
granitoid margin, de Wit and Armstrong (1987), suggested 
that felsic volcanics were tectonically emplaced along 
thrust zones into the mafic/ultramafic ophiolite 
succession. Lamb and Paris (1988) suggested that the 
overlying Fig Tree and Moodies sediments represent 
submarine to alluvial fan deposits derived from the 
erosion of an advancing thrust wedge, in a foreland basin 
setting, from south-east to north-west.

MINING HISTORY

Gold has been mined in the Barberton mountain land for 
over a century, The earliest recorded discovery was by 
Tom McLachlan who, in 1881, discovered alluvial gold 
between Poponyana Creek and Pigs Peak in north-west 
Swaziland. In June 1882 Jim Murry discovered alluvial 
gold in the Jamestown area of the De Kaap Valley followed 
in 1883 by Auguste Robert (French Bob) who located the 
Pioneer reef, the first payable lode gold to be 
discovered in the De Kaap goldfields.
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It was two years later that Edwin Bray struck gold in the 
Sheba reef at the Golden Quarry and tricuered the famous 
gold rash that led to the development of the Barberton 
gold producing district- Production from the 274 
recorded gold workings in the Archaean volcano­
sedimentary successions of the greenstone belt, during 
the period 1884 to 1983, was 252 000 kg of Au and 8 900 
kg of Ag, at an average grade in the order of 10.7 g/t Au 
(Anhaeusser, 1986). More than 95% of the gold has been 
recovered from the northwest flank of the belt. The 
majority of this mineralisation has come from the Ulundi 
syncline. In particular two mines, Sheba nd Fairview, 
account for over one third of all gold production.

Several important base metal deposits are located in the 
greenstone belt. The most notable occurrences are of 
chrysotile asbestos and iron ore. Lesser occurrences of 
magnetite, talc, barite and tin also exist.

2.5 MINERALISATION IN THE BARBERTON GREENSTONE BELT

The Archaean gold deposits in the Barberton mountain land 
occur in a wide variety of host rocks including the 
principal metavolcanic and metasedimentary units 
comprising the Onverwacht, Fig Tree and Moodies Groups.

Minor uneconomic occurrences are also found in some of 
the granites proximal to the belt.

The majority of the gold production in the Barberton 
greenstone belt stems from quartz lode deposits. It has 
been demonstrated that structural influences caused by 
regional and local deformation played a dominant role in 
the distribution and localisation of epigenetic gold 
occurrences in the mountain land, (Anhaeusser,et al., 
1969; Barton, 1982; Jones, 1969; Poole, 1964; Viljoen and 
Viljeon, 1969c).



Faulting in particular, played a dominant role in 
determining the location of ore bodies. Many of the more 
significant gold deposits are located adjacent to major 
regional faults, typified by the Sheba, Barbrook, Albion, 
Lily and Scotsman faults, (see Figure 4).

In most cases, the fault planes have undergone several 
stages of re-activation by wrench faulting accompanied by 
second order phenomena associated with horizontal or sub­
horizontal strike slip movements and transcurrent 
dislocation. This has produced loci for the development 
of mineral ore shoots (Anhaeusser, 1986). The majority of 
ore bodies are thus located in an environment dictated by 
the varying influences and effects of fault deformation. 
Away from the sphere of influence of the major planes of 
weakness, the incidence of gold mineralisation clearly 
declines, and is either poorly developed or totally 
absent. Coupled with the fault control is the effect on 
a regional scale of intrusive granites and their 
associated contact metamorphic effects. Again, it has 
been demonstrated that the more significant gold 
mineralisation lies in a broad zone adjacent to the 
periphery of the mountain land, mineralisation decreases 
progressively away from the influence of the granite 
contacts (Anhaeusser,et al., 1968? Anhaeusser, et al., 
1969; Groeneveld, 1973; Hall 1318).



Fig 4  Northern Barberton Mountain Land Gold Deposits Distribution Map
(Source : Geological Survey Of South Africa, Sheet 2530 Barberton)
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CHAPTER 3

DATA ACQUISITION AND PROJECT MANAGEMENT

o
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3.1 SUMMARY

The airborne survey provided magne .ic and radiometric 
coverage over a considerable porticn of the Barberton 
greenstone belt.

A total of 10 300 line kilometres of total-field magnetic 
intensity and spectrometer count rate data was acquired 
over an 860km2 asymmetrical shaped elongate block of 
roughly 55km x 20km dimensions (see figure 5).

Data acquisition was performed by Geodass (Pty) Ltd, 
under contract to Gencor Ltd, during the months of 
November and December 1990. The author was assigned by 
Gencor to control the project.

3.2 PROJECT MANAGEMENT

3.2.1 BUDGET CONSIDERATIONS

When budgeting for an airborne geophysical survey, a 
number of factors must be considered. The following is 
a breakdown of the major cost items that are encountered 
for a survey of this type. *

* Aerial photography: Aerial photography acquisition
and ortho-photo production costs.
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Mobilisation and demobilisation charges : These 
cover the transportation of crew, aircraft and 
equipment to and from the survey area.

Data acquisition: For this survey the acquisition 
cost encompassed aircraft hire, fuel charges and the 
acquisition and compilation of the geophysical 
data, as a single production based charge. Often 
clients will chose to negotiate a separate contract 
for the aircraft hire.

Accommodation costs for the survey crew: Additional 
rooms were required for photographic processing and 
equipment storage.

Standby charges : A fixed daily rate was applied 
when poor weather conditions prohibited flying time 
from exceeding a predefined minimum. This figure is 
a variable and was budgeted for on a contingency 
basis.

Re-flight charges: When the magnetic diurnal 
exceeds a predefined limit, it becomes necessary to 
refly the affected lines. The cost of this 
additional flying was borne by the client.

Processing charges: The client may require colour 
maps or filtered products to be produced bj the 
contractor.

The final major expense is for interpretation of the 
survey. This item is not paid for upfront with the 
rest of the survey and hence it often receives scant 
attention and may be left out of the budget. For 
this survey interpretation was not a cost item, 
since the author was already salaried by Gencor.
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3.2.2 SURVEY DESIGN

The specifications us^d for flying and data acquisition 
during this survey were designed by the author. The cost 
effectiveness of a survey is dependant on careful 
planning and design, numerous factors have an effect on 
the quality of the final product. Discussions were held 
with geologists working in the area before survey 
parameters were set. The local geology,, expected size 
and depth of geologic features of interest, depth of 
weathering and the aerial extent of significant interest 
were all considered. Parameters were chosen in order to 
optimally balance the requirement for maximum data 
resolution against the practical constraints dictated by 
instrumentation and aircraft dynamics. Budgetary 
constraints played an important role in parameter 
selection, however the emphasis was firmly on data 
quality. The 'garbage in -• garbage out' principle is 
particularly applicable to a survey of this nature. No 
matter how comprehensive the approach to processing and 
modelling, results .rill always be constrained by the 
quality of the data.

3.2.2.1 FLIGHT LINES

Major vari.ations in lithologic strike occur within the 
northern mcmtain land. Irrespective of flight line 
orientation, a significant proportion of any survey will 
be orientated at an oblique angle to strike. The effect 
of which, is a loss in the maximum resolving capacity of 
the survey, irrespective of line separation. To 
alleviate this difficulty as far as possible, it was 
decided to acquire the data In three separate surveys, 
wi.th each survey having its flight lines orientated to 
optimise lithologic coupling. The spatial relationship 
of these surveys is shown in figure 5.
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A slight overlap was included between adjoining surveys 
to enable the data to be merged into a single contiguous 
block during processing. This procedure increased the 
complexity of the survey, Increasing acquisition costs by 
0.5%. It was decided, however, that the benefits gained 
in data quality warranted the additional expenditure.

The first survey area termed the west block, covers the 
Jamestown schist belt at the extreme western end evC Hit 
greenstone remnant. Flight line orientation was 037°r 
north-northeast.

The second, (central block) covers the Sheba Hills area 
and includes the Fairview and Sheba mines. Flight line 
orientation was 135°, southeast.

The third, (east block) lies over the eastern greenstone 
belt, including the Barbrook Line and Three Sisters Mine. 
Flight line orientation was 165°, south-southeast.

The Barberton mountain land is covered by regional 
government magnetics and is well mapped geologically. 
Hence additional magnetic coverage needed to be detailed 
if it was to significantly increase the knowledge base. 
This reasoning led to an extremely narrow flight line 
spacing of 100m being adopted, in order to provide data 
of a particularly high resolution.

Tie lines are flown principally to assist the contractor 
level the data. They were flown perpendicular to the 
survey lines at a spacing of 500m.
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S.2.2.2 AIRCRAFT

The extremely rugged nature of the terrain encountered 
within the Barberton mountain land precluded the use of 
a fixed wing survey aircraft. In order to maintain 
within achievable limits, a constant terrain-sensor 
clearance, it was necessary to employ a helicopter as the 
survey platform. The aircraft used for the survey was a 
Bell 20SB Jet Ranger III Helicopter, supplied by 
Helicopters S.A. C.C.

The mean helicopter velocity for the survey was 27.8m/s. 
This equates to a magnetic reading every 5m on the ground 
and a spectrometer reading every 28m. The maximum 
velocity that was recorded was 44m/s.

3.2.3 CONTRACT NEGOTIATION

Geophysical contractors were Invited to tender for the 
airborne contract in Juno 1990. Contractual negotiations 
conducted by the author included? re-flight
specifications, penalty clauses for deliverable delays 
and budgetary matters.

3.2.4 FIELD SUPERVISION

The author spent six weeks in the field with the 
contractor personnel in order to quality control the 
operation and provide logistical support. Daily
procedures included: a review of the recovered flight
path. Where the contract specifications for flight-path 
deviations were exceeded, the affected lines were 
assigned to be re-flown. The analogue flight records 
were checked for noise levels, data dropouts etc., again 
re-flights were assigned where necessary.
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The magnitude of the diurnal variations was checked on 
the base-station magnetometer readout.

DATA ACQUISITION

The following sections review the data acquisition 
procedure in the field and the instrumentation that was 
employed.

FLYING HEIGHT

Aeromagnetic surveys are generally flown with a wide 
variety of terrain clearance, line spacing and sampling 
density. Reid (1980) showed that for a total field 
survey over three dimensional targets, the fraction of 
power aliased i?T is given by the equation:

F r - e x p C - a v ^

Where: h is the distance between sensor and magnetic
source
Ax is the line spacing

The tolerable aliased power depends on the purpose of the 
survey. Where signal processing and interpolation such 
as gridding and contouring is required, as is the case 
for this survey, Reid believes the aliased power should 
not exceed 5%, giving a minimum value for h/Ax of 0.5. 
Thus for a 100m line spaced survey, the sensor terrain 
clearance should be at least 50m. The presence of non­
magnetic overburden will decrease this limit as will two 
dimensionality of the target lithologies.
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Taking cognisance of Reid's guideline it was decided to 
fly the survey using a terrain clearance between the 
magnetic sensor and the ground of ±45m, which translates 
to the pilot attempting to maintain a flying height of 
±75m. This figure is however not an absolute one as, in 
rugged topography the limitations of aircraft dynamics 
must be taken into account. As a helicopter climbs a 
hill, it's forward velocity decreases rapidly. For this 
survey it was found that below 40km/hr, the bird became 
unstable and began to drift around, resulting in 
positional inaccuracy and increased noise levels. At 
very low speeds, the bird would rotate about its central 
axis, causing it to decouple totally with the earth's 
magnetic field resulting in a subsequent loss of signal. 
Problems of this nature can be alleviated with the use of 
a more powerful helicopter, however this option is 
expensive and not usually viable. A more realistic 
solution used for this survey, was to adopt a less 
rigorous approach to the flying and to an extent drape it 
across the topography. This effectively speeds up survey 
progress and is thus an area that an unscrupulous 
contractor ccald take advantage of. An acceptable trade 
off must be negotiated beti^een the client and contractor 
for flying at a realistic terrain clearance, while at the 
same time maintaining an acceptable quality of data. In 
Barberton, terrain clearances of up to 150m were recorded 
over short distances, this is not ideal but clearly 
preferable to losing data completely as the helicopter 
struggles up a steep hill.

Data quality is also very dependant on the ability of the 
pilot. A good pilot experienced in maintaining a long- 
line can make a huge difference to the final product.
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A Sperry AA-2Q0 radar altimeter was mounted in the cabin 
of the helicopter to provide the pilot with a continuous 
and accurate measure of the terrain clearance. The 
altimeter output was recorded digitally for data 
processing and as an analogue readout for in-field 
monitoring purposes. Recording resolution was 0.05m.

3.3.2 NAVIGATION

The extreme nature of the terrain encountered in the 
Barberton mountain land precluded the use of the now 
commonly used radio-transponder type navigation system. 
The communication frequencies used for radio navigation 
require a line of sight to be maintained continuously 
between helicopter and radio beacons for the system to 
operate. When beacons are hidden by topographic features, 
positional information is lost.

Navigation for this survey used the traditional visual 
method. In July 1990, AOC Ltd was contracted to acquire 
low level aerial photography over the proposed survey 
area. This photography was then used to construct a 
1:10 000 scale ortho-photograph. A copy of the ortho­
photo was used in the helicopter for navigation during 
the survey. Whilst the aircraft was in flight, a downward 
looking Geocam 35mm tracking camera, monitored the flight 
path in continuous frame mode at 1 second intervals. A 
backup video camera was also used to record the flight- 
path.

3.3.3 FLIGHT PATH RECOVERY

At the end of each day's flying, the 35mm strip 
photography was developed.
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The data recovery technician spent every night 
determining accurate positional fixes for the aircraft at 
regular intervals along each of the flight traverses. 
From this information, an interpolated flight path was 
constructed and transferred to the original 1:10000 scale 
ortho-photograph. Reference markers termed 'fiducials' 
are recorded on the magnetometer, spectrometer, altimeter 
and film records.

The points from the flight path that are picked and 
accurately located on the ortho-photos are termed 
' located f iducials', The maximum distance between located 
fiducials for this survey was 300m.

3.3.4 LOCATIONAL ERRORS

The human component of this process makes it difficult to 
estimate locational errors. To establish error limits, 
the author selected 7 high frequency anomalies from the 
processed magnetic profiles. Magnetic traverses using a 
Geometries 856 proton procession magnetometer were then 
conducted on the ground beneath the airborne anomalies. 
Comparison of anomaly peaks gave a mean location error of 
65m with a standard deviation of 22m. The overall error 
limits may be slightly larger because topographic effects 
can cause peak positions to shift as a function of 
height.

3.3.5 INSTRUMENTATION

During each survey flight, all digital outputs from the 
geophysical instrumentation were converted to analogue 
traces and output to a GR-33 X-Y plotter in real-time. 
This allowed verification of the system's operation.
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3.3.5.1 MAGNETOMETER

The magnetic sensor was mounted in a towed 'bird', which 
is cylindrical in shape and aerodynamieally designed to 
provide a stable platform over a wide range of aircraft 
velocity. The bird is suspended 30m beneath the
helicopter in order to isolate the sensor from the 
magnetic field generated by the aircraft and its turbine. 
This arrangement provides for an additional benefit which 
is gained through sampling the magnetic field closer to 
the Earth's surface.

The magnetometer used for the survey was an hand aligned 
Scintrex VIW 2327 H-8, strapdown, split- beam caesium 
vapour unit. The Lamour Frequency was counted directly 
into the acquisition unit. This is the frequency at 
which the caesium atom electrons precess about the axis 
of the applied magnetic field. It is proportional to the 
strength o* the Earth's magnetic field and is measured 
optically with a photo-diode (Telford, et al., 1976). 
The magnetic field is sampled at 0.17s intervals at a 
resolution of O.QlnT. This accuracy however, cannot be 
expected during a field survey. The main culprit is the 
survey platform; noise levels are increased significantly 
by the instability inherent in a 'bird' installation. 
The fourth difference operator of the magnetic field was 
output to the X-Y plotter, thus allowing noise level 
estimates to be made (Hood, et al., 1979). The total 
measurable noise envelope for the survey was found to be 
in the order of InT.

During each survey flight the earth's external diurnal 
magnetic field was constantly monitored for fluctuations. 
For this purpose a Geometries G856 proton precession 
magnetometer was located at the Barberton airstrip for 
the duration of the survey.
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The magnetic field was sampled at 30 second intervals to 
an accuracy of 0.InT. The survey contract specified a 
maximum diurnal drift of 20nT in any given 20 minute 
interval* If this limit was exceeded affected lines 
would require re-flying. No diurnal variation falling 
outside the specification limit was observed, for the 
entire duration of the survey.

3.3.S.2 SPECTROMETER

A Geometries GR800B, multi-channel gamma-ray spectrometer 
was installed in the helicopter for the duration of the 
airborne survey. This spectrometer digitally recorded 
256 channels of radiometric data, containing information 
on the near surface concentrations of Potassium, Thorium 
and Uranium in the survey area. The 256 channels were 
grouped into 4 windows arranged as follows:

Potassium, 40K - 1.37
Uranium, zl4Bi 1.66
Thorium, 208t 1 2.41
Total Count 0.41

to 1.57 MeV, (1.46MeV peak) 
to 1.86 MeV, (1.76MeV peak) 
to 2.81 MeV, (2.62MeV peak) 
to 2.81 MeV

A reading integration time of one second was used, giving 
an average of one reading every 28m. Recording 
resolution was leps. Spectrum stabilisation was based on 
the 662 KeV peak from Caesium sources planted on the 
crystals.

The crystal pack was a DET-1024, containing 1024in3 of 
Thallium activated Sodium Iodide (Nal) crystals, located 
horizontally in the belly of the helicopter. The 
crystals ware maintained at a constant operating 
temperature for the duration of the survey. The thermal 
shock generated by sudden cooling can easily crack the 
Nal detector crystals, in addition temperature variations 
can produce calibration changes.
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3.4 DATA COMPILATION

Upon completion of the field work the geophysical data 
were transported to the Johannesburg office of the 
contractor for compilation. This begins with the 
located fiducials from the flight path being digitised, 
plotted and a velocity report check generated. Errors 
detected at this stage are manually corrected by 
referring to the ortho-photography and video tape and 
locating additional fiducials in the problematic area. 
When the contractor considers the flight path is 
satisfactory it is loaded into a data base.

The geophysical data are referenced spatially to the 
flight path by using the located fiducials and added to 
the data base.

MAGNETICS

The following operational sequence was undertaken on the 
magnetic data.

* Diurnal corrections The magnetic diurnal was removed 
by subtracting the digitally recorded base station 
monitor readings from the field data. An automated 
lag correction factor was then applied to the data. *

* Levelling: The magnetic data were levelled by using 
the tie-line data to minimise magnetic field 
differences where flight lines were intersected. 
Poor levelling results in linear steps along single 
lines and herringboning, an effect resulting from 
data on alternating lines being assigned a too high 
or too low a datum and giving the appearance of a 
herringbone on contour maps.

3.4.1

' O
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3.4.2

* The data were then gridded for verification purposes 
using an akima spline technique.

RADIOMETRICS

The following operational sequence was undertaken on the 
spectrometer data.

* Compton Strippings In order to achieve a
quantitative result, spectrometer data must be 
corrected for Compton scattering of gamma rays. 
Compton scattering is the process whereby high 
energy gamma rays interact with the earth, air, 
aircraft and detector. In so doing they loose 
energy and appear in the lower regions of the energy 
spectrum giving rise to the Compton continuum. The 
correction factors applied are termed Compton 
correction coefficients or stripping ratios. Their 
value is defined by the size, geometry and window 
width of the detector and the geometrical 
relationship between the detector and the radiation
source. The Compton stripping

a - 0.271 (Th into U)
P - 0.405 (Th into K)
Y - 0.676 (U into K)
a - 0.050 (U into TÏ
b - 0.010 (K into U)
5 ~ 0.001 (K into U)

Where alpha a, J3 and y are the forward stripping 
coefficients and a, b and g are the backward 
stripping coefficients. These coefficients were 
determined in part from measurements on pure samples 
of K, U and Th, recorded at the beginning of each 
flight.
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* Background Radiations Not all gamma radiations 
detected in an aircraft are emmited from the ground. 
Background radiations must be subtracted, these 
originate from three sources, these are:

Aircraft corrections! The background effects 
due to structural components of the aircraft 

, | and the instrumentation package were measured,
before, during and after the survey. A 
correction factor was determined and applied to 
¿he data.

Radon corrections: Correction for atmospheric
radon was necessary. The uranium daughter 2Z6Ra 
in the near surface soils constantly emits a 
flux of radon to the atmosphere. The radon 
content of the air is a source of background 
gamma radiation noise which must be removed 
from the data.

Cosmic ray corrections: An additional source
of background noise is cosmic rays interactions 
with components of the earth's atmosphere, 
these produce gamma rays that stimulate the 
detector.

To estimate background radiation a shielded crystal 
^ (termed a 2pi crystal) is directed upward to receive

counts from the atmosphere. The 214Bi count from the 2pi 
is subtracted from the unshielded crystals to give a true 
reflection of the 214Bi emissions from the ground.

!(
1 0  Budgetary constraints necessitated the suspension of work
; on the spectrometry data at this stage of the processing

sequence. For this study, only a qualitative
interpretation of the total count data has been 
attempted.
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Two major correction factors are still required before
the data can be used to obtain isotopic abundances:

1. Altitude correction: The amount of absorbtion
suffered by gamma rays in the air depends on the 
distance travelled, the density of the air and the 
energy of the gamma ray, i.e. 40K 1.46MeV rays are 
ettenuated more rapidly than 208T1 2.615MeV rays.

Where extreme topographic variations are seen 
Compton scattering interactions in the atmosphere 
result in a buildup of photons in the lower energy 
channels, which are not removed by the normal 
Compton corrections. To account for these effects 
an altitude absorptional coefficient should be 
applied to the data.

This coefficient is separately determined for each 
energy channel and is established by flying a test 
profile at a series of altitudes that cover the 
observed range of the survey.

2. Calibration: The stripped, background corrected and 
altitude corrected counts then need to be converted 
to isotopic abundances by calibration of the system 
over sources of known radioelement concentrations. 
This is usually achieved by flying over a 
calibration test strip (roughly 500m x 2000m), where 
the radioelement concentrations are uniform and have 
been measured on the ground. No such facility 
exists, however, in Southern Africa and all surveys 
are limited to the production of stripped counts 
only.
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CHAPTER 4

DATA PROCESSING
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The author proc ^sed the geophysical survey using a 50MHz 
486DX Personal Computer. A Canadian computer package 
'Geosoft' was the principle software used to signal- and 
• .nage-process the data. Pinal plots were generated on an 
Hewlett Packard Design Jet 650c printer.

4.1 MAGNETIC DATA

Magnetic data by their nature are very 'broad band' in 
terms of wavelength. A single measurement includes the 
effect due to all physical sources. The resolution of 
different sources is dependant on the noise levels of the 
measuring system and the ability to resolve overlapping 
signals.

All anomalies including those from single isolated 
sources consist of a spectrum of frequencies. Small, 
shallow, short wavelength anomalies comprise a higher 
band of frequencies than broad deep-sourced anomalies 
which are dominated by longer wavelengths. Each has a 
characteristic spectrum which can often overlap. 
Filtering is a process of removing a specified range of 
frequencies from a data set, for example, high frequency 
noise, or low frequency regional components. Usually 
applied to airborne data sets, digital filters enhance 
individual or multiple anomalies of similar frequency 
characteristics.

The following sections describe the processing sequence 
for the magnetic data!

1
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41.1 DATA VERIFICATION

The first step entailed preliminary processing of the 
data to verify the contractor's compilation and levelling 
work.

Stacked profiles were constructed for each of the survey 
blocks and a bi-directional gridding algorithm using an 
akima spline was used to rapidly interpolate both the 
levelled and un-levelled data into a gridded format. The 
resultant plots were used to verify:-

Herringbone effectss The alternate cyclical pattern of 
contour lines produced by inadequate flight line 
location, poor aircraft or heading compensation, or 
improper levelling.

Missing lines: Lines that appear in the un-levelled data 
but are removed during the levelling process for a 
variety of reasons.

Noise spikes and areas of poor data along lines.

A type of non-linear filter is a low-pass filter that 
operates in the space domain on line based data. A width 
(wavelength) is specified. If an anomaly in the data has 
a half wavelength shorter than the specified width, the 
feature is removed. All of the Barberton data were 
passed through this filter to remove noise spikes. The 
advantage of a non-linear filter is that rather than 
simply leaving a 'hole' where the noise spike is removed

41.2 NON-LINEAR FILTER

the hole is 'filled in' or approximated by interpolated 
values based on the surrounding valid data.
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4.1.3 GRIDDING

When analysing two dimensional data, it is useful to 
represent the data discretely at points located equally 
far apart at the nodes of a grid. Data in this format 
are suitable for a number of two dimensional processes 
such as computer contouring, filtering and image 
processing.

The values at the nodes of the grid could be determined 
by taking readings at the node locations, however in 
practice this is seldom convenient. For an airborne 
survey of this nature, the data are collected at a 
relatively high, sample density along more widely 
separated parallel lines. A minimum curvature technique 
was applied to create a gridded dataset from the edited 
flight line data.

4.1.3.1 MINIMUM CURVATURE GRIDDING

A random gridding algorithm 'RANGRID' was used to fit a 
two-dimensional minimum curvature surface to the data 
points contained in the XYZ file. The program uses the 
method described by Eriggs (1974). Values are first 
estimated at the nodes of a course grid whose cells are 
usually eight times the size of the final grid. The node 
values are based on the inverse-distance average of the 
actual data within a specified search radius. An 
iterative method is then employed to adjust the grid to 
fit the actual data points nearest the course grid nodes. 
Once an acceptable fit is achieved, the coarse cell size 
is halved and the same process repeated, using the coarse 
grid as the starting surface. This process is repeated 
until the final grid cell size is generated.

¡t v ?* i t m T i Z g :1  l  i  * * r ' " rP « 5 r ?



4.1.4

During the gridding process, a de-sampling factor is 
applied to the data. This factor effectively acts as a 
'box car' low-pass filter by means of averaging all X, Y 
points into the nearest ce. i defined by this factor, In 
this case a value of one grid cell was used, this 
required no prefiltering other than de-aliasing at the 
size of the grid cell.

Each of the three survey blocks was gridded using the 
following parameters:

Grid Cell Size : 
Projection : 
Spheroid : 
Reference Longitude : 
Reference Latitude :

50m x 50m
Gaussian Conformable 
Clark 1880 
31° East 
00 South

SPECTRAL ANALYSIS

Spectral analysis is usually the initial step in 
analysing magnetic delta. It's main purpose is to isolate 
the dominant periodic components, which are then 
correlated with the major geologic units. These 
significant frequencies can similarly be separated from 
the high frequency noise component of the data? (Gunn, 
1975).

Spectral analysis is conducted in the frequency domain 
and may be defined as the decomposition of a continuous 
signal into its harmonic constituents. The data are 
first passed through a Fast Fourier Transform (FFT) to 
calculate the complex spectrum coefficients of the data. 
A two dimensional (2D) power spectrum is calculated by 
taking the square of the modulus ie.

power » {real co-efficient)2*( imgimrj^ co-efficient)2
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This is then normalised, converted to natural logarithms 
and radially averaged to produce a one~dimensional 
spectrum termed a 'ID Radially Averaged Power Spectrum'’, 
Due to its logarithmic nature, the spectrum displays 
linear components (Spector, 1968). These represent both 
magnetic signal contributions of individual assemblages 
of source bodies, pltis noise from the combination of 
acquisition and processing steps. The individual 
components of the power spectrum can be separated out for 
interpretation,

The shortest spatial wavelength A,H which may be correctly 
identified by a regular line of samples Ax is termed the 
Nyquist wavelength given by the equations

Xff =2 Air

Any wavelength shorter than X,N is aliased into a 
wavelength longer than A.h, (Blackman and Tukey, 1959). 
Thus for a grid with a 50m cell size the Nyquist 
frequency is 100m.

Figure 6 is the power spectrum corresponding to the east 
block. Three linear components have been resolved 
representing source 'ensembles'. The spectrum can be 
used to determine the statistical depth to the top of the 
sources using the relationships

logi7(r)“4EAr

Depth is determined by measuring the slope of the power 
spectrum and di viding by 4tt. The east block sources 
cluster at: 100m, 150m and 350m, the central block at: 
100m, 180m and 350m, the west block at: 100m and 250m.



FIGURE 6
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A power spectrum is useful to determine appropriate 
filter coefficients. A filter operator should be 
designed carefully to match the character of the 
anomalous data. Too much arbitrary smoothing of the data 
can remove anomalies, too little can leave unwanted 
noise.

4.1.5 LOW PASS FILTER

The noise identified in the spectral analysis was removed 
frcm the gridded data by the use of a low pass filter. 
A filter employing a cosine roll-off of degree two was 
selected. This filter has a smooth shape which prevents 
it from altering the energy spectrum below the beginning 
of the roll off. Through this approach, ringing 
(otherwise known as Gibb's phenomena) in the resultant 
filtered grid is greatly reduced. The east and west 
blocks had start and end points of the filter set to
0.00282 and 0.006 cycles/metre respectively, while those 
for the central block was set to 0.0029 and 0.009 
cycles/metre.

4.1.6 DECORRUGATiON

Flight line noise can be removed from a magnetic grid by 
applying the following decorrugation operator in the 
frequency domain, (Spector id Grant, 1970).

F{ihv) - [cos-̂Ca-ji + •§)]

wheres u and v are wave numbers.
a is the direction of the filter. 
n is the degree of the cosine function.
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This is known as a directional cosine filter and is 
designed to remove sub-parallel directional features from 
a grid. The rejection notch can be narrowed or widened 
by setting the degree of the cosine function, thus 
enabling highly directional features such as line noise 
to be isolated. The resultant grid is then subtracted 
from the original to produce a decorrugated grid which is 
the original data minus line noise.

It should be noted that any geological signal parallel to 
the filter direction will also be removed. The effect of 
this was minimised, however, due to the choice of flight­
line direction with respect to geological strike.

4.1.7 MERGING

After low pass filtering and decorrugation, the three 
survey blocks were merged together to form a single large 
contiguous grid. Areas of overlap between adjoining 
grids were averaged. All of the following additional 
processing steps were performed on the merged grid.

4.1.8 IGRF REMOVAL

Total field magnetic data contains long wavelength 
components derived from the earths main field and deep 
crustal sources. For a high resolution survey of small 
aerial extent, this regional magnetic information is 
superfluous and is normally removed after the data are 
gridded. A PC based program sourced from the United 
States Geological Survey (Cordell, et al., 1992) was used 
to calculate the International Geomagnetic P.eference 
Field (IGRF) over the Barberton mountain land. The 
results were output in gridded format, (see figure 7). 
The IGRF grid was subtracted from the merged total field 
magnetic grid to produce the residual magnetic field. 
This residual field is often termed an anomaly map.
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4.1.9 CONTOURING

Contour maps are commonly used to display data collected 
in plan over a given map area. A characteristic of 
geophysical data is that the information commonly has a 
very large dynamic range. Contouring is a useful method 
of presenting such data as it is able to show detail in 
both high and low relief areas, as well as clearly 
indicate the direction of relief in magnetically active 
areas.

The residual magnetic field is presented as a coloured 
contour map in plan no. 2, and as a shaded relief map in 
plan no. 3. Colours were added to enhance perception of 
rends and features. An image-processing technique 

termed histogram stretching was used to customise the 
colour scale by varying the colour intervals. The
rationale being to de-emphasise the high and low extreme 
values whilst accentuating intermediate values to 
emphasize small changes and trends. Contours were also 
added to the relief map (plan no. 3) to further 
accentuate subtleties in the data.

4.1.10 REDUCTION-TO-POLE

If no remanence is present the total magnetic field is 
directly proportional to the magnitude of the Earth's 
inducing field. In the survey area, the inducing field 
acts at an average inclination of 60° towards the north 
and declination of 14° west. This means each anomaly is 
dipolar with the positive lobe displaced to the north of 
its source.

In order to minimise this dipolar distortion, a process 
termed reduction-to-pole (RTP) can be performed.



Reduction-to-pole re-creates the magnetic field of a body 
as it would appear at the magnetic pole, where the 
inducing field is vertical. RTP provides better 
correlation between individual anomalies and their 
sources by re-locating anomalies directly over their 
causative bodies. Visual recognition is also improved 
since total field dipoles are usually reduced to 'single­
pole ' anomalies.

The RTP operation is performed in the frequency 
domain. The following operator is used, Gunn (1975)

LX.u, v)= v1 2 3 4 5) „ J(u*+ v2~)
n r  D2

Where: D1 is the constant for the Earth's inducing
fiold.
D2 is the constant for the magnetisation of the 
body.
v and v are wave numbers.

Sincfc. reduction-to-pole enhances high frequency noise at 
the expense of true signal, the data are normally low- 
pass filtered, at the time of the filter's application.

The form of an individual anomaly from a given source 
body depends on several factors:

1. The direction of the Earth's indueinr field.
2. The orientation of the body.
3. The orientation of the body with respect to the 

aeromagnetic flight line.
4. The geometry of the body.
5. The remanent magnetisation vectors of the body.



RTP will compensate for these factors, minimising the 
distortion and placing anomalies over their causative 
bodies, with the exception of the last point mentioned 
(5). Remanent magnetism effects inherent in the total 
field data wiiJ still be present in the RTP results, 
unless che faetcr D2 above ..s known.

No measurements of remanent magnetisation are available 
for the Barberton greenstone belt. Detailed 
palaeomagnetic work is required to determine the remanent 
magnetisation vectors for a variety of b^th lithologies 
and locations within the belt. In chapter 5, it will be 
shown that remanent magnetisation does indeed play a 
dominant role in many of the observed magnetic anomalies 
at Barberton. With no way to quantitatively assess 
remanence, it was decided that RTP would only serve to 
confuse the picture and it was not attempted.

FIRST VERTICAL DERIVATIVE

The first vertical derivative (FVD) is obtained by 
applying the following operator in the frequency domain, 
Gunn (1975).

u, f ) = 2 jc/ C « 2+ f 2 )

Where: u and v are wave numbers.

” •‘rivative filters sharpen magnetic gradients and 
therefore enhance the higher frequency components of 
anomalies associated with small shallow sources whilst 
reducing the effect of deep seated structures. They are 
especially useful for delineating faults and subtle 
structures. In addition, geologic contacts can be 
defined since the zero contour approximately defines 
vertical to steep magnetic } jundaries.
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The disadvantage of a derivative filter is that it is 
particularly responsive to noisy data, accencuating 
existing problems. For this reason the Barberton data 
were subjected to a further low pass filter in 
conjunction with the FVD filter.

Plan no. 4, illustrates the first vertical derivative for 
the Barberton data. As with the residual field map a 
customised colour scale was developed employing variable 
sized colour intervals for accentuating subtleties within 
the data.

4.1.12 UPWARD CONTINUATION

Upward Continuation filtering is performed on magnetic 
data to obtain a more 'regional' perspective. It is used 
to remove or minimise the effects of shallow sources and 
noise, and allows daep seated structures to be recognised 
more easily. For this study the magnetic residuals were 
of primary interest, consequently, upward continuation 
was of limited use. Since the long wavelength features 
are evident in the total field data, an upward continued 
plot is not included.

4.1.73 HANNING FILTER

A Hanning filter operates in the space domain, applying 
a 9-point smoothing filter to a grid. The filter has a 
minimal effect on signal content, it was used to remove 
high-frequency noise intrv luced during frequency domain 
processing. A further application is space domain 
regional-residual separation. By subtracting the 
filtered grid from the original, a residual is produced 
proportional to the curvature of the original grid, This 
is termed a curvature grid where the zero values indicate 
inflection points, it was used to locate the lateral 
bounds of anomalies.

1 '7T V ""1 rf.rT
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4.1.14 SHADED RELIEF

The application of shading to gridded data has become a 
useful technique for graphically displaying two- 
dimensional data. A directional horizontal derivative is 
calculated and then overlaid onto the original grid to 
produce a shaded relief map. This produces a pseudo sun- 
shading effect that to the human eye gives an image a 
three-dimensional appearance. Shaded relief maps are a 
very effective presentation for highlighting subtle 
textural and linear features that are otherwise difficult 
to resolve. A primary application is structural mapping.

Maps shaded with a variety of apparent sun-angle 
inclinations and declinations were produced to aid the 
interpretation. Two optimal directions were selected for 
this study, the residual magnetic field shaded with 
inclination 45°, declination 0°, (plan no. 3) and the 
magnetic first vertical derivative with inclination 45°, 
declination 0°, (plan no. 4).

4.1.15 EULER DECONVOLUTION

A common procedure for magnetic data interpretation is to 
determine the depth and location of geologic units or 
structures that produce an observed anomaly.

Tt has been shown that simple magnetic models conform to 
Euler's homogeneity equation, which relates the magnetic 
field and its gradient components to the location of the 
source, (Thompson, 1982). The degree of homogeneity, N, 
can be expressed as a structural index (SI). The SI is 
a measure of the rate of fall-off with respect to 
distance of the potential field, ie. an inverse power of 
the distance.

!
i
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A magnetic point dipole conforms for N=3, a magnetic pole 
for N»2, magnetic dyke for N=1 and a contact will yield 
an index of 0.

An advantage of Euler's equation is that no particular 
geologic model is assumed. Thus it can be applied and 
int .preted even when the geological geometry is not 
known and cannot be properly represented by an 
identifiable model (e.g. a prism). A further advantage 
of particular relevance to this study is that the 
equation is insensitive to magnetic inclination, 
declination and remanence, since these become part of the 
constant i t h e  anomaly function of a given model.

The PC program ' Gridepth' 7 s used to compute Euler 
solutions. The Euler equation is solved simultaneously 
for four unknowns - the location coordinates x, y and z 
and the regional value of the magnetic field, 'B'. The 
equation is solved simultaneously for each grid position 
within a windowed sub-grid of 10 by 10 grid cells by a 
least squares method. The window is moved along each 
grid row? depth solutions are output to an XYZ ascii 
file.

For the Barberton data a SI of 1 was found to produce 
results that best agreed with mapped geology, signifying 
a  strong two-dimensionality of the geology. In several 
instances solutions were verified by observation in the 
field. Plan no. 5 is a symbol plot of the Euler 
solutions for Si-l. A circle is centred on each model 
result, the diameter of which is representative of the 
depth to the top of the model.
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RADIOMETRIC DATA

The processing sequence adopted for the total-count 
radiometric data closely parallels that of the magnetic 
data, thus only a summary will be given.

The data were verified using preliminary grids and 
stacked profiles.

L .nimum curvature gridding was used to grid the data with 
a cell size of 50m.

Due to the unlevelled nature of the radiometric data, 
noise levels were extremely high in the upper 
frequencies. A low-pass smoothing filter was used to 
remove the noise. An unavoidable consequence of this 
being the loss of high frequency signal.

The data were contoured using linear contour intervals. 
A colour contour plot (plan no. 7) was constructed using 
an equal area colour distribution.
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CHAPTER 5

INTERPRETATION

It is suggested for the following discussion that whilst 
the interpretation maps are studied, reference be made to 
the image processed geophysical data plans. To 
facilitate comparisons between datasets, the 
interpretation maps are included both as coloured paper 
prints and transparent overlays, all maps are presented 
at a scale of Is 100 000. Plan no. 6 is an interpretation 
of the magnetic data, whilst plan no. 8 is a qualitative 
interpretation of the total-count radiometric data. Plan 
no. 9 is the culmination of this dissertation, it is a 
synthesis combining the interpretation of the magnetic 
and radiometric data with the previously mapped geology, 
to produce an improved regional geological map.

MAGNETICS

The inherent ambiguity of magnetic data can be reduced by 
an interpreter to an acceptable level, through the use of 
appropriate geological constraints and moderated by 
knowledge of the 'noise' effects produced by terrain 
effects and variable flight elevations. It should be 
noted however that a geophysical interpretation of this 
nature is a subjective exercise.

The total magnetic field was recorded for the Barberton 
survey. The total field is composed of the Earth's main 
inducing field, and additive to this, the effect of much 
smaller magnetic fields produced by crustal rocks.
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The 'lithologie' fields are derived from two sources s

a) remanent magnetism, and
b) induced magnetism,

the latter being proportional to the Earth's inducing 
field.

The residual field magnetic maps (Plan no. 2 & 3)
essentially reflect the distribution of magnetic materia], 
within the survey area. In nature, the most dominant 
magnetic mineral is magnetite (Fe304), other common 
magnetic minerals include those belonging to the 
titanomagnetite and haematits-ilmenite solid solution 
series. The susceptibility of magnetite is proportional 
to the intensity of the magnetising field and depends on 
the chemical composition of the magnetite and its grain 
size. Lithologies containing even minor quantities will 
produce characteristic magnetic signatures. Generally, 
mafic igneous rocks produce strong magnetic responses, 
whilst sedimentary sequences often depleted in magnetite 
elicit more subtle responses. There are many geological 
factors that influence magnetic properties, directly or 
indirectly, including: lithology, depositional
environment, tectonic setting, geochemical affinities, 
hydrothermal alteration, metamorphic grade, structure and 
rock age. For this reason there is usually a broad 
correlation between lithology and susceptibility. 
Altered or mineralised lithologies may host py.rrhotite 
(FeS) which can also contribute to the lithological 
magnetic field. The presence of pyrrhotite is usually 
significant from a mineral exploration viewpoint.

;w; ,
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5.1.1 SUSCEPTIBILITY MEASUREMENTS

Several dozen hand specimens and sections of drill core, 
broadly representative of a variety of Barberton 
lithologies were collected in the mountain land. 
Susceptibility measurements were recorded using a hand 
held Scintrex K2 susceptibility meter. The results 
(tabulated in table 5.1), were used to constrain the 
magnetic modelling.

SAMPLE DESCRIPTION MEAN K 
(SI)

! MEAN X 
I (cgs 

emu).

NO. OF 
SAMPLES

FELSIC VOLCANIC 
INTRUSIVE

0.040 0.0032 20

DOLERITE DYKE 0.050 0.004 20
MOODIES MAGNETIC SHALE 0.140 0.0111 15
MOODIES QUARTZITE 0.00002 0.0000016 15
MOODIES CONGLOMERATE 0.00006 0.0000048 20
FIG TREE SCHIST 0.00003 0.0000024 20
FIG TREE SHALE 0.00008 0.0000064 20

TABLE 5.1 MAGNETIC SUSCEPTIBILITY (K) MEASUREMENTS 

BARBERTON HAND SPECIMENS

A rough correlation has been shown to exist between 
susceptibility and magnetite content (Mooney and 
Bleifuss, 1953). The graph in figure 8, allows a volume 
estimate of magnetite to be made when the susceptibility 
is known. For example several dolerite dykes were 
sampled returning an average susceptibility of 0.05 SI 
units, this equates to 1.1% magnetite.

i m.
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+ Iron formations 
«  Basalt, diabase or gabbro 
x Other rocks

RELATIONSHIP OF SUSCEPTIBILITY ¡0  MAGNETITE CONTENT
(Mooney and Bleifus 1953)

FIGURE 8



MODELUNG OF MAGNETIC RESPONSES

For modelling of magnetic anomalies, 'MAGMOD', an 
inversion program allowing 2%D modelling was used. The 
program utilises an iterative technique based upon the 
algorithm of Marquardt (1963) as described by Johnson 
(1969). Parameters of an inductively magnetised body of 
simple geometry are calculated, these are iteratively 
adjusted to give a 'best fit' between the observed data 
and the calculated anomaly of the model. The fit is 
assessed by calculating the weighted sum of squared 
deviations between the observed and calculated anomalies.

The results of 10 modelling sessions are included in 
appendix 1, labelled A1 to A10. Profile locations for 
the models are shown on plan no. 6 labelled A - A' to 
I - I'.

MAGNETIC DOMAINS

The magnetic data can, by virtue of textural 
relationships and frequency content be divided into a 
number of distinct regions or domains. Three domains 
have been identified within the survey area, thece are 
shown on the interpretation plan no. 6, labelled D1-D3. 
A brief description of each follows?

Dl: This domain possesses a distinctive signature. The
magnetic data are dominated by extremely high frequency, 
most elongate anomalies emanating from near surface 
sources. In places these short wavelength anomalies are 
superimposed over moderate wavelength anomalies that 
reflect deeper sources. Many of these anomalies are 
interpreted as originating from intrusive mafic volcanics 
in the form of diorite and dolerite dykes.



Magnetic gradients are very high reflecting amplitude 
variations of over 40Q0nT. A strongly defined regirnal 
magnetic fabric closely parallels lithology.

This domain includes all of the Jamestown igneous complex 
and much of the Moodies sediments, and Onverwacht lavas.

D2s The D2 domain can be roughly correlated with the Fig 
Tree sediments, The data are predominantly long 
wavelength giving the magnetic texture a flac appearance. 
This domain essentially reflects the non-magnetic 
character of the sediments.

D3: A small domain in the central part of the survey
area. D3 possesses a distinctive texture, it consists of 
a cluster of subtle yet definable individually separable 
anomalies of moderate amplitude and high frequency. 
These are superimposed on the magnetically flat (long 
wavelength) Fig Tree sediments. D3 is interpreted as a 
swarm of weakly magnetic sub-cropping intrusive bodies.

MAGNETIC DISCONTINUITIES

Artificial sunshading of the magnetic data (plans 3 & 4), 
highlights discontinuities in the magnetic fabric. A 
total of 32 discontinuities have b«en identified in this 
survey, these are defined on plan no. 6 as straight or 
mildly curvilinear lines labelled DC1 to DC32. It is 
probable that most if not all of the discontinuities 
reflect structures. Two of the discontinuities reflect 
major breaks in the data; DC1 which can be correlated to 
the Albion fault in the Jamestown schist belt, and DC2, 
an east-west trending break in the northeast of the 
survey that reflects an amplitude change in the data. 
DC2 cannot be correlated to any known geological feature.
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Several of the remaining 30 discontinuities correspond to 
known or inferred faults. DC26 is spatially coincident 
with the Barbrook fault in the Sheba hills area. DC35 
lies coincident with the Scotsman fault, while DC42 is 
coincident with the Saddleback fault. DC20 to DC24 may 
reflect radial tension gashes in the Eureka syncline.

Bearing in mind the subjective nature of this 
interpretation, the density of discontinuities is shown 
as increasing over the Jamestown schist belt in the west. 
It is suggested that this increase is due a rise in 
intrusive activity in the area rather than an increase in 
faulting. Intrusi.ves are usually magnetite rich and it 
is the disruption of an elongate intrusives continuity by 
a fault that creates the susceptibility contrast 
necessary to 'see' the fault. In other words it is not 
the fault itself that is viable in the magnetic data, 
rather it is the effect of the fault on its surroundings 
that is often detected.

The discontinuities possess a dominant east-northeast 
trend, with minor east-west and northwest-southeast 
trends also evident.

ISOLATED INTRUSIVES

A number of discrete intrusives have been interpreted in 
the survey area, the sub-cropping locations of which are 
shown on plan no. 6. The anomalies fall into two 
categories'’ first category anomalies are principally due 
to induced magnetisation, evidenced by prominent magnetic 
highs and small negative lobes toward the south.

There are five prominent anomalies in this category 
labelled 1-1 to 1-5, plus a number of smaller anomalies 
in the D3 domain.
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Second category anomalies display evidence of strong 
remanent magnetisation , appearing in the dataset as 
distinctive magnetic lows. There are 32 of these 
anomalies labelled Ml to M32, the observed similarity in 
magnetic signatures indicate a clustering of the remanent 
magnetisation vectors. This may signify that the 32 
interpreted intrusives were introduced within a short 
space of time.

A possible explanation for the intrusive magnetic 
signatures producing these two distinct populations is 
that two phases of intrusion took place, that were 
separated chronologically.

The majority of intrusives are found to be spatially 
associated with known structures. This agrees with 
cheory, by offering the path of least resistance, pre­
existing xaults are most often exploited by intrusives.

A brief description of selected intrusives follows:

II s This anomaly 2 ies between the Great American 
Syncline and Bien Venue. II is a 120nT magnetic high 
interpreted as a plug like intrusive feature. Geological 
field checking of the anomaly by the author revealed 
ultramafic float coincident with the II anomaly, 
indicating the causative body may be an ultramafic 
intrusive. Modelling has indicated II is a cylindrical 
body, ±100m in diameter, with a depth of burial 1200m. 
A susceptibility of 0.05 SI units was used for the model.

II has a distinctive radiometric signature, it produces 
a moderate response which is significantly lower than the 
surrounding lithologies.
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12: Located in close proximity to the Great American 
syncline. This is a magnetic high, interpreted as a 
plug-like felsic stock. Geological field checking 
revealed .rhyolite cropping out coincidentally with the 12 
anomaly, confirming that the source of the anomaly is 
felsic. Magnetic modelling of the 12 body is presented 
in Figure A8, This model indicates that the main 
causative body is cylindrical in shape ±700m, in 
diameter, with a depth of burial, some ±150m below 
surface, iihen modelling a response the anomaly responds 
to a magnetic pole which is within the body rather than 
at its surface so the 150m may be an over-estimate, 
alternatively the felsic outcrop may be an apophyge of 
the main body extending up to surface. A susceptibility 
of 0.04 SI units was nasured in che field, the host 
lithology was found by measurement to be essentially non­
magnetic, thus a similar susceptibility value was used to 
coiiStrain the modelling. The model shown in figure A7 
assumes that the measured magnetic response is due to 
induction. To fit the observed response requires that 
the intrusive be inclined at 60° to the vertical, an 
unlikely scenario. More realistic is the model in figure 
A8, where the remanent ratio was allowed to vary and a 
vertical body fitted. It is thus likely that the 12 
intrusive has remanent magnetisation associated with it.

It should be noted that width and dip estimates vary 
little between the two models. Remanence principally 
affects dip information, so when remanence j s suspected 
but i»'s magnitude is unknown, it is still feasible to 
model the lateral extent and depth of burial for 
anomalies.

The radiometric count rate over 12 is raised 60% above 
the surrounding lithologies.
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14 ï This anomaly lies at the junction of two 
geologically inferred faalts proximal to the 15 ancmaly. 
Modelling has indicated that 14 is a cylindrical body, 
±150m in diameter, with a shallow depth of Lurial 0m-5Gm,

14 does not have a distinctive radiometric signature.

1-5 s ^his anomaly lies at the junction of the Inycka 
Fault, the Kamhlabane Fanlt and an unnamed north-south 
trending geologically mapped fault. The source of the 
anomaly is interpreted as a plug like felsic stock. 
Field checking failed to verify the existence of an 
intrusive, although quartz vein hosted tourmaline, 
talcose alteration and several brec S~ horizons were 
identified. Modelling has indicated tin 5 anomaly to be 
a cylindrical body ±100m in diameter, with a depth of 
burial of some 110m.

15 does not have a distinctive radiometric signature.

,

i Q

Pemanently magnetised intrusives: Remanence adds a 
vector of independent amplitude and direction to the 
induced field vector. In general if the south-side low 
alignment is not positioned close to the line of 
declination, some remanence effect may be suspected. 
Anomalies Ml - M32 fall into this category. In some 
cases, remanence where suspected can be factored into the 
interpretation process but this generally minimises 
quantitative analysis. In general however even for 
moderate remanent effects, defi lition is unlikely without 
orientated samples being taken and analysed. For these 
anomalies the orientation of the dipolar aligr^ent was 
measured and input into the modelling as the remanent 
declination.
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The inclination vector was allowed to vary in order to 
fit the cnomaly. Appendix 1 includes models of anomalies 
Mil, M26 and M28. In all cases vertical cylindrical 
bodies were fitted, depths were always in the order of 
100m and lateral dimensions from 300m to 500m.

5.1.3 ELONGATE MAGNETIC UNITS

A number of elongate magnetic responses are found in the 
data set, labelled El etc. on plan no. 6. The high 
frequency of the anomalies suggests the causative bodies 
are narrow with a shallow depth of burial.

.anomalies El to E5 display remanent magnetisation, 
appearing in the data as magnetic lows which are not 
conformable with geologic strike. Anomalies E23 to E29 
are extreme],y high amplitude responses, conformable with 
the Moodies meta-sediments of the Eureka syncline, they 
cannot be ascribed to intrusive activity. The magnetic 
anomaly generated by these units outlines the Eureka 
synform and dominates the data to such an extent that the 
syncline is highly visible even in the government 
regional aeromagnetic data. The remainder of the 
elongate responses are normally magnetised and cross-cut 
geologic strike. It is difficult to ascertain whether 
they should be classified as dykes or structures, many of 
the structures in the mountain land are thought to have 
been reactivated on numerous occasions and may been in­
filled by mafic material during periods of relaxation.

Euler deconvolution (plan no. 5) was of particular use in 
locating elongate units. Several staler solutions were 
field checked, lateral location was found to be extremely 
good, within the locations] accuracy of the survey.
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This was not the case for the Euler depth solutions as 
many outcropping dykes had depth solutions of 100m or 
more generated over them. The minimum depth that the 
program can resolve is one grid cell or 50m.

5.2 RADIOMETRICS

As discussed in chapter 3, the radiometric results 
discussed in this interpretation are only the partially 
corrected total-c*' ,,nt data*

Due to the nature of radiometric data the interpretation 
of an airborne survey is qualitative. This is due to the 
extremely small depth of penetration and the inherently 
complex nature of the gamma-ray spectra. Approximately 
30cm of rock, 60cm of soil or 1m of water effectively 
obscures underlying radiation sources no matter how 
intense. The colour contour map of the total-count plan 
no. 1, is thus a reflection of lithological variations at 
surface. A mean total-count rate of 650cps was recorded 
for the survey. Statistically this figure allows 
reasonable lithologic discrimination. A qualitative 
interpretation of the radiometric data is presented in 
plan no, 8.

All of the major lithological constituents of the 
Barberton mountain land display distinctive and 
diagnostic radiometric signatures allowing accurate 
discrimination and mapping. The Nelspruit granite has an 
extremely high count rate associated with it allowing 
highly accurate placement of the granite/greenstone 
contact. The response of the Kaap valley granite differs 
significantly from the Nelspruit granite. The Moodies 
sediments display extremely high count rates, Fig Tree 
sediments intermediate rates, Onverwacht lavas low count 
rates and the Jamestown Igneous Complex extremely low 
rates.
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Several of the larger dykes can be distinguished w-. ta .n 
the radiometric data. They appear as either ■ « - >, 
responses displaying increased count rates, or b. >„ s in 
the data evidenced by DL9 and DL10.

Lithologic fabric is visible within the radiometric data 
throughout the survey area and this fabric has been used 
to delineate a number of synclinal structures. A total 
of eight previously unmapped synclines have been 
interpreted, the fold axes for these are shown on plan 
no. 3. Included are s

A small northeast plunging syncline labelled R12 on plan 
no. 8. The signature closely resembles that of the Great 
American syncline (RIO), which lies 12km to the 
southwest. The limbs of the Great American syncline are 
clearly visible in the radiometric data.

An east-west trending, east plunging syncline developed 
sou’’h of the Ulundi syncline and separated by an 
interpreted structure termed the Alfstrom thrust.

Onverwacht volcanics are interpreted to be imbricated 
within the Fig Tree sediments.

Alluvium has been mapped in numerous locations within the 
survey area. Indications are that the Jamestown Igneous 
Complex, Nelspruit granite and Fig Tree sediments all 
sub-crop beneath isolated alluvium occurrences. An 
unusual feature of note is that the alluvium does not 
display a recognisable signature in the radiometric data. 
Indeed the radiometric signature of the subcropping 
lithology does not seem to be affected by the alluvium 
cover, continuing unabated beneath the cover. Field 
checking confirmed the presence of alluvium like material 
in several locations.
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Although the depth could not be established the extent of 
the coverage would indicate that greater than 60cm is 
probable. A likely explanation for the observed 
radiometric response is that the cover j s not alluvium in 
the strict sense of the word, but rather in situ 'soil', 
ie. the weathered product of the bedrock.

DISCUSSION

In developing a structural model for the tectonic 
evolution of the northern mountain land the Barbrook 
fault is interpreted as representing a thrust detachment 
zone that together wit*' a series of associated sub­
parallel thrust faults emplaced Onverwacht Group 
lithologies over Fig Tree Group sediments. The thrust 
sheets form an emergent imbricate stack that devel pad by 
footwall propagation towards the north. A schematic 
thrust development sequence for the Barbrook (E40) 
package, including the Saddleback (E42), Inyoka (E78), 
Alfstrom (E36) and other faults, is shown in figure 9. 
In like manner the Lily, Scotsman and Sheba faults are 
interpreted as a thrust sequence.

There is evidence in the radiometric data to suggest that 
the LI radiometric contact (see plan no. 8) .is of great 
significance to the regional structure of the Barberton 
Greenstone Belt. Ll is spatially coincident with the 
Scotsman fault (which laterally passes into the Woodstock 
fault) in the east and the Lily fault in the west. The 
Moodies sediments, Fig Tree sediments and Onverwacht 
lavas mapped to the north of Ll display a fundamentally 
different radiometric signature from those mapped south 
of the contact. Ll may represent a major detachment zone 
in the northern mountain land.
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u BARBROOK FAULT THRUST DEVELOPMENT SEQUENCE

FIGURE 9
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De Wit and Roering (1990) suggest that The Scotsman fault 
is a terrane boundary, possibly a suture zone, separating 
two distinct greenstone successions. The geophysical 
data would support this hypothesis. It is postulated by 
the author that the entire stratigraphic package was 
accreted onto the Jamestown Igneous Complex.

In the south of the survey the L2 radiometric contact 
trends sub-parallel to the LI contact. It is also 
interpreted as significant boundary and will be discussed 
further in section 5.3.1.

BARBROOK FAULT

The Barbrook fault is mapped as a regional east- 
northeast/west-southwest trending south dipping thrust 
fault. In the west, it emplaces Onverwacht lithologies 
over Fig Tree sediments of the Alfstrom syncline. Moving 
eastward, the Barbrook fault imbricates Swartkoppie 
lithologies into the Ulundi syncline Fig Tree succession. 
Up to six imbricate thrusts that detach from the Barbrook 
thrust in the region of the Barbrook mine have been 
identified, Houston (1984).

The major radiometric contact L2 is spatially coincident 
with the previously mapped location of the Barbrook fault 
for most of its length, but divergence occurs in the 
extreme east of the survey. The present study suggests 
that the Barbrook fault can be mapped in the extreme east 
using the radiometric data.

No single magnetic anomaly is coincident with the 
Barbrook fault for most of its length. A number of 
parallel trending, elongate magnetic horizons are clearly 
visible.
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Blackwexl (1990) recognised that in the Florence and 
Devonian mine area, gold is hosted in shear zones 
trending parallel to the Barbrook fault, located in 
steeply south dipping attenuated fold limbs in the 
footwall of the fault. The Barbrook mine is located in 
the footwall of the Barbrook fault. Here again the gold 
is hosted by shear zones that trend parallel to the 
footwall of the Barbrook fault and dip steeply south, 
cutting through overturned tight to isoclinal fold 
hinges. In both these cases, the mineralised shears are 
spatially related to the above-mentioned magnetic 
anomalies located south of M-5. It thus seems probable 
that the magnetic method is delineating the mineralised 
shears.

The importance of the Barbrook Fault in relation to 
mineralisation is illustrated by the considerable 
number of shear hosted gold deposits located along its 
entire mapped extent, from the Florence and Devonian mine 
area in the west to the Aurora mine at its eastern 
extent. The fault almost certainly acted as a major 
conduit for mineralising fluids.

SHEBA FAULT

The Sheba Fault is a major structural feature, serving 
to separate the Eureka and Ulundi Synclines in the 
central portion of the greenstone belt. It is mapped as 
a strike extensive thrust fault which imbricates thin 
sheets of the Onverwacht Group into the Ulundi syncline. 
This fault is known to have played a significant role in 
channelling mineralising fluids and is intimately 
associated with some of the largest cold deposits in the 
greenstone belt.
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The Sĥ foa fault is defined clearly in the geophysical 
data. Interpretation suggests that the fault continues 
uninterrupted eastward well beyond its mapped extent, 
where it passes laterally into the Scotsman fault. This 
eastward continuance is termed the 'Sheba extension' on 
plan no. 9. In the magnetic data the Sheba fault 
including its eastern extension, is defined by the E30 
anomaly (plan no. 6). The Li radiometric anomaly (plan 
no. 7) can be spatially correlated to the eastward 
extension of the Sheba fault.

EUREKA SYNCLINE

The Eureka syncline is an exceedingly dominant feature in 
the magnetic data set, indeed the syncline is clearly 
visible even in the regional government airborne magnetic 
data. The intense magnetic anomaly centred over the 
Eureka syncline is not generated as has been previously 
supposed by a single large body at considerable depth. 
Signal processing and modelling of the data has shown 
that the source is in fact a number of thin narrow bands 
of extremely magnetic material (anomalies E23 to E29 on 
plan no. 6) that extend upward to near surface. These 
anomalies are interpreted as multiple small, steeply 
dipping, narrow bands of ferruginous highly magnetic 
shale and slate, within the Moodies sediments. These 
shale bands are only a few ten’s of metres wide and 
extend to surface.

Resolution is defined as the ability to identify small 
features that make up larger composite anomalies. 
Resolution of small anomalies is significantly affected 
by flying height. As a rule of thumb multiple small, 
shallow bodies cannot be discerned where the flying 
height exceeds the separation between the bodies. In the 
case of the Eureka syncline, separation between shale 
bands is approximately 250m.
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Therefore a regional survey exceeding 250m terrain 
clearance will be unable to discriminate individual 
anomalies within the Eureka syncline, a singly broad 
anomaly will be observed. The magnetic model shown in 
figure A3 demonstrates this problem. Without high !
resolution magnetic data or knowledge of the multiple 
body geology, interpretation of regional airborne data 
results in a vastly different scenario. The model that 
most satisfactorily fits the Eureka synĉ .. ns data is an j
1800m wide, highly magnetic body, buried to a deprh of 
500m. Figure A4 is a model produced for a single 
magnetic shale band.

i-i
5.3.4 JAMESTOWN IGNEOUS COMPLEX

The geophysical data indicate that the Jamestown Igneous )It "iComplex is more extensive in the north of the mountain :
land than has previously been mapped. In particular west !j$of the Great American syncline mapped as Onverwacht IijGroup. The northern margins of the Fig Tree Group, and iiiextending 500m or more into the Nelspruit granite. |

5.3.5 DYKES
■ f.

Units labelled El to E5 on plan no. 6 are Interpreted as 
remanently magnetised dolerite dykes. Units E100 to E123 
are interpreted as diorite dykes. Several of these j
magnetic responses can be spatially correlated to j
geologically mapped dykes. In a number of cases the 
lateral extent of a known dyke is able to be 
significantly extended. In several locations where a j ;single dyke has been mapped it is now interpreted that j;
two unrelated dykes are present» Several of the dykes j
produce an interpretable response in the radiometric i,
data, evidenced by DL9 and DL10 plan no. 8.

: °
1
V . * 1

1
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At regional scales each of the interpreted dykes appears 
to represent a single elongate intrusive body. A 
detailed inspection reveals the dykes are composed of a 
number of narrow, discontinuous mafic bodies, highly 
disrupted by small scale faults, forming anastomosing 
patterns. In many cases the ultramafic rocks have
intruded along fault planes. Intense shearing along 
individual faults may have generated sub-parallel zones 
of weakness, allowing each dyke to intrude
syntectonically as a number of narrow bands.

MINERALISATION

This section is purposefully cursory due to company 
confidentiality.

The Onverwacht Group assemblages are considered to be the 
primary source of most of the gold and sulphide 
mineralisation in the mountain land. .Mineralisation is 
well known to be largely confined to a broad zone 
adjacent to the periphery of the greenstone belt and to 
decrease progressively toward the central areas. The 
influence of intrusive granites was minimal away from the 
greenstone belt contacts, thus reducing the influence of 
hydrothermal fluids and contact metamorphic effects. 
Structures also played a major role in channelling and 
confining mineralisation. Away from the sphere of 
,,nfluence of the major planes of weakness, the incidence 
of gold mineralisation decreases.

In the context of this survey known mineralisation 
occurrences are almost invariably found spatially 
associated with interpreted structures. Interpreted 
structural junctions in particular, are often found 
coincident with known deposits.
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CHAPTER 6

CONCLUSiïOtfS

6.1 SUMMARY OF CONCLUSIONS

Plan no. 9 is a geological map derived from the 
interpretation of the airborne magnetic/radiometric 
survey. It differs significantly from the published 
geological map, particuiarxy in the eastern area of the 
survey. The major conclusions that have been derived 
from this map are enumerated below:

1. The airborne magnetic data contain detailed lithologic 
and structural information. Several prominent
lineaments have been defined that, miy reflect previously 
unknown faults. In several cases jwn faults have been 
extended beyond their mapped limits.

2 The radiometric data suggest that the LI radiometric 
contact is of great significance to the regional 
structure of the Barberton Greenstone Belt. Moodies 
sediments, Fig Tree sediments and Onverwacht lavas mapp 1 
to the north of this contact display a fundamentally 
different radiometric signature from uhose mapped south 
of the contact.

3 The northern mountain land succession is interpreted as 
a northward verging imbricate thrust stack that has been 
accreted onto the Jamestown Igneous Complex.

The magnetic and radiometric data suggest that the 
Jamestown Igneous Complex is more extensive than 
suggested by the geological mapping.

4
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5 The intense magnetic anomaly centred over the Eureka 
syncline is not generated as has been previously supposed 
by a single large body at considerable depth. Signal 
processing and modelling of the data have shown that the 
source is in fact multiple small, steeply dipping, narrow 
bands of ferruginous highly magnetic shale and slate, 
withi.n the Moodies sediments. These shale bands are only 
a few ten's of metres wide and extend to surface.

6 Intrusives, both mafic and felsic, are accurately defined 
by the magnetic, and to a lesser degree, by the total- 
count radiometric data. Moreover within the survey area 
diorite can be differentiated from dolerite due to 
remanent magnetisation effects.

7 Remanent magnetisation is interpreted to be prevalent in 
the belt. Magnetically derived dip information is thus 
unreliable.

8 There is no evidence contained within the geophysical 
data herein presented, to suggest the greenstone belt 
extends to a depth greater than 3km.

9 The major geological constituents of the Barberton 
mountain land display distinctive and diagnostic 
radiometric signatures, enabling accurate lithologic 
discrimination. Mapped alluvial cover does not mask the 
response of the underlying lithologies.

10 The radiometric data have revealed a number of intricate 
east-west trending, synclinal structures within sediments 
of the Fig Tree Group.

11 In the central section of the survey area thin bands of 
the Onverwacht Group are interpreted as being imbricated 
within the Fig Tree sediments.
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12 Interpretation suggests that the Sheba fault extends 
eastward, beyond its currently mapped extent. The 
Bp.rbrook fault is Interpreted e.s diverging from its 
mapped location in the extreme east of the survey.

13 Mineralisation in the mountain land is often spatially 
associated with interpreted structural junctions.



SCOPE FOR FURTHER RESEARCH

The research work so far conducted has been constrained 
in a number of instances due to budgetary restrictions. 
This study suggests that the following additional aspects 
of research could further enhance the geophysical 
interpretation of the Barberton mountain land.

A palaeomagnetic study of the Barberton lithologies in 
order to resolve the remanent magnetisation vectors. 
This would allow more accurate quantitative modelling of 
magnetic anomalies.

Additional processing of the radiometric data to 
discriminate the component responses contributed by 
isotopes of potassium, thorium and urani mi. The 
resulting elemental distribution maps would bene it 
lithologic discrimination, particularly in the greenstone 
belt's northeast extreme.
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MAGNETIC MODELLING RESULTS
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B -  B!

0
-100
-200

-300

-400

-500

-600

-700
t

0

100; Observed
Fitted
Base Level

MODEL PARAMETERS: GEOMAGNETIC FIELD:
Model Type 
Depth 
Half Width 
Half Length 
Offset 
Dip
Thickness 
Susceptibility 
Rem nance Ratio 
Remnance Incl 
Rem nance Decl 
Main Position 
Cross Position 
Base Level 
Base Slope

Tabula r2 
F 103
F 153
X 160
X G
X 9 0  deg
F 100 00  
X 0 .0 0 6 0 0  emu 
X 2 .5
F 7 7  deq
F 162 deg
F - 2 8 5 0 9 1 5  
Y. 1 0 9 9 4 .1 2  
F - 4 6 .8 9 0 2 6  nT 
X 0 n T /

Field Strength 2 9 0 0 0  nT
Inclination - 6 0  deg
Declination - 1 4  deg

COORDINATES:
Sensor Height 50
Strike Perp 0 deg
Line Direction 0 deg
Main Direction 0 deg
Main O ffset
Cross Direction  
Cross O ffset

FIGURE A 2  ________
9 3 / 1 2 / 1 5Gecsoft MAGMOD—3 Modeling Result
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E24, E25,E28,E29 ANOMALIES EUREKA SYNCLINE

c-c'

MODEL PARAMETERS: 
Model Type Tabular
Depth 
Half Width

- 490
K 886

Dip F 143 deg
Susceptibility F 0.Q3S emu
Rem nance Ratio X 0
Rem nance Inci X 0 deg
Rem nance Decl X 0 deg
Main Position F ■- 2 8 4 1 9 2 5
Cross Position X 1 3 7 8 5 .3 2
Base Level F 2 8 8 8 0 .4  nT
Base Slope F .0 9 5 6 0 8 6  n T /
(F - f i t te d , X -f ix e d , L-- lim it )

GEOMAGNETIC FIELD:
Field Strength 2 9 0 0 0  nT
Inclination - 6 0  deg
Declination - 1 4  deg

COORDINATES:
Sensor Height 50
Strike Perp 0 deg
Line Direction 0 deg
Main Direction 
Main O ffset 
Cross Direction 
Cross O ffset

FIGURE A3
93 /12 /13Geosoft MAGMOD—3 Modeling Result
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E 24  ANOMAuf EUREKA SYNCUWE MAGNETIC SHALE

D-D'

MODEL PARAMETERS:
Model Type 
Depth F

Ribbon
2 5 .0

Width F 809
Dip F 152  deg
Suscep x Thick F 4 .6 3  emu
Remnance Ratio X 0
Rem nance Incl X 0  cf —
Remnance Decl X 0 deg
Main Position F - 2 8 4 2 6 2 2
Cross Position X 1 9 7 ° 1 .4 4
Base Level F 29  18 6 .3  nT
^ase Slope X O n T /
(F —fitted, X—fixed, L-- lim it )

GEOMAGNETIC FIELD:
Field Strength 2 9 0 0 0  f.T
Inclination - 6 0  deg
Declination deg

COORDINATES:
Sensor Height 5C
Strike Pert 0 deg
Line Direction 0 deg
Main Direction 
Main Offset 
Cross Direction 
Cross Offset

Ì

________ ______ ______ ______________________ __________________________ FIGURE A4
Geosoft MAGMOD-3 Modeling ResuP 9 3 /1 2 /1 3
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ANOMALY E40 BARBROOK FAULT
E -  E’

4»

MODEL PARAMETERS: GEOMAGNETIC FIELD:
Model Type 
Depth 
Half Width 
Dip
Susceptibility  
Rem nance Ratio  
Rerrinance Incl 
Rem nance Dec! 
Main Position 
Cross Position  
Base Level 
Base Slope

Tabular 
F S 1 .0  
F 152
F 159 deg
F 0 .0 0 7 9 9  emu
X 0
X 0  deg
X 0  dea
F - 2 8 4 3 3 0 0  '
X 3 7 5 4 9 .5 2  
F '> 9291 .13  nT 
X O n T /

(F —fitted, X—fixed, L— lim it)

Field Strength 2 9 0 0 0  nT
inclination - 6 0  deg
Declination - 1 4  deg

COORDINATES-
Sensor Height 4-5
Strike -Perp 0 deg
Line Direction 0 deg
Main Direction 
Main O ffset 
Cross Direction 
Cross Offset

FIGURE AS !
9 3 / 1 2 / 1 7  j!iGeosoft MAGMOD-3 Modeling Result



E77 ANOMALY INYOKA FAULT
F -  F’

O

o
.1]

MODEL PARAMETERS:
Model Type 
Depth F
Half Width F
Dip F
Susceptibility _ F
Remnance Ratio X
Rem nance Incl X
Rem nance Deel X
Main Position F ■
Cross Position X
Base Level F
Base Slope X
(F —fitted, X—fixed, L-

Tabular 
7 7 .7  118
145 deg 

0 .0 0 1 1 2  emu 0
0 deg 
0 deg 

-2 8 4 4 9 6 1  
3 B 2 8 5 .7 2  
2 9 2 8 2 .6 6  nT 

0 n T /
-lim it)

Geosoft MAGMOD-3 Modeling Result

GEOMAGNETIC FIELD:
Field Strength 2 9 0 0 0  nT
Inclination - 6 0  deg
Declination - 1 4  deg

COORDINATES:
Sensor Height 45
Strike Perp~ 0 deg
Line Direction 0 deg
Main Direction 
Main O ffset 
Cross Direction  
Cross Offset

FIGURE A6
93 /12 /17
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1 2  ANOMALY BIEN VENUE INDUCED MAGNETISATION

G ~  G'

MODEL PARAMETERS; GEOM AGNETIC FIELD:

Model Type 
Depth 
Half Width 
Half Length 
Offset 
Dip
Thickness 
Susceptibility 
Remnance Ratio  
Remriance Incl 
Remn nee Decl 
Main i jsition 
Cross Position  
Base Level 
nose Slope

Tabular2  
F 100
F 325
X 350
X 0
F 32  deg
X • 2 5 0 0
F 0 .0 0 4 6 7  emu
X 0
X 0 deg
X 0 deg
F - 2 8 3 5 6 3 3  
X 3 63 26 .81  
F 2 9 2 2 9 .9 9  nT 
X O n T /

Field Strength
Inclination
Declination

COORDINATES:
Sensor Height 
Strike Perp 
1 ine Direction 
Main Direction 
Main Offset 
Cross Direction 
Cross Offset

2 9 0 0 0  nT 
- 6 0  deg 
- 1 4  deg

50
160 deg 
160 deg 
160 deg

FIGURE A7
Geosoft MAGMOD-3 Modeling Result 9 3 /12 /13
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12 ANOMALY BIEN VENUE REMANENT 
MAGNETISATION

MODEL PARAMETERS: GEOMAGNETIC FIELD:
Model Type Tabular2 Field Strength 2 9 0 0 0  nT
Depth F 142 Inclination - 6 0  deg
Half Width F 3 3 2 Declination - 1 4  deg
Half Length 
Offset

X
X

350
0 COORDINATES:

Dip
Thickness

X
X

90  deg 
2 5 0 0 Sensor Height 50

Susceptibility 
Rem nance Ratio

F
F -

0 ,0 0 3 2 2  emu 
1 ,2 4 1 4 0 6

Strike Perp 
Line Direction

160 deg 
160 deg

Rem nance Inal X 0 deg Main Direction 160 dec)
Rem nance Decl X 0 deg Main O ffset
Main Position F --2 8 3 5 6 5 6 Cross Direction
Cross Position X 3 6 3 2 6 .8 ! Cross Offset
Base Level 
Base Slope

F
X

2 9 2 5 6 .1 8  nT , 
O n T / FIGURE A8

G e o s o ft  M A G M O D -3  M odelinc R esult 9 3 / 1 2 / 1 3



M28 ANOMALY THREE SISTERS
H -  H'

t
t

\f

\

c

MODEL PARAMETERS: GEOMAGNETIC FIELD:
Model Type Tabu la r2 Field Strength 2 9 0 0 0  nT
Depth F 9 5 .5 Inclination - 6 0  deg
Half Width F 151 Declination - 1 4  deg
Half Length X 3 0 0
Offset X 0 COORDINATES:
Dip
Thickness

X
F

90  deg 
632 7 Sensor Height 45

Susceptibility 
Rem nance Ratio

X
X

0 .0 0 5 0 0  emu 
5

Strike Perp 
Line Direction

0 deg 
0 deg

Rem nance Incl F 89  deg Main Direction
Rem nance Decl X 190 deg Main O ffset
Main Position F - 2 8 3 7 4 2 3 Cross Direction
Cross Position X 3 6 0 6 0 .6 6 Cross Offset
Base Level F 2 9 3 1 6 .3 5  nT
Base Slope X Q n T / FIGURE A 9

G e o s o ft M AG M O D -3 M ode ling  R e su lt 9 3 / 1 2 / 1 5
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M26 ANOMALY
I -  I 1

MODEL-PARAMETERS; GEOMAGNETIC FIELD:
Model Type 
Depth 
Half Width 
Half Length 
Offset 
Dip
Thickness 
Susceptibility 
Rem nanee Ratio  
Rem nance Incl 
Remnanee Deal 
Main Position 
Cross Position 
Base Level 
Base Slope

Tabular2  
F 6 6 .4
F 278
X 271
X 0
F 88  deg
F 2139  
F 0 .0 0 7 8 6  emu 
X 2
F 123 deg
X 80  deg
F 3 2 8 5 3 .0 6  
X - 2 8 3 8 7 4 7  
F 2 9 3 1 8 .6 5  nT 
X 0  n T /

Geosoft MAGMOD-3 Modeling Result

Field Strength 2 5 0 0 0  nT
Inclination - 6 0  deg
Declination - 1 4  deg

COORDINATES:
Sensor Height 45
Strike Perp 8 0  deg
Line Direction 80  deg
Main Direction 80  deg
Main O ffset
Cross Direction  
Cross O ffset

FIGURE AIO

93 /12 /15
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* IÄ* ĵ Â-j -, 

i> <1 ’ ■■ OT*
(? ’
\*\ ^  f  W
• >

J >  «
' •» 
Ut

* ■' V  *»«
£

V/
^  1 ^ '  £ .•..•<*  ̂ •**#

; * *'
r\ <? ■-

0Ù

**
%

^ * : .  # 'V ^<* *

■O .V

♦

<«

» ^ .
#

n  t
*

*  
**■

<&

J *
#

*  X
,  f" .

-ühb- .*,4 . w"

#»*
%

G r

- 4 ® jf *
r - * * *

9 #»
* ■ *. &  «  

b * * * '
-«k o ,  c

V- Ä

/ y : *-4“r-
-ft

4

Jk. m
i_ w

4  %
%

&

6 . >

f

**✓ *
<4

-  # 

’Öl, ** w

4

# . <<V-3i
\v j-rtJtV«L*

e

!m
V

4  ;;

/ -’ ^

• ¿ » ¿ *
Si

*  *
., y

o f t

U
i

»
/*-.

, i f  •*• O

JO
^5

$
^ si

.#

I
¿U

Or'--1
O

!■

GRtDEPT »egend

iî

*
i

i\
i

!

6ABERTQN
EULER DECONVOLUTION

i4



i l  V

i

'Pier
ri



r
r

c

-2 820 000m

REFERENCE

POSITIVELY MAGNETISED 
ELONGATE UNIT

------------------POSSIBLE POSITIVELY
MAGNETISED ELONGATE UNIT

------------- NEGATIVELY MAGNETISED
ELONGATE UNIT

POSSIBLE NEGATIVELY 
MAGNETISED ELONGATE UNIT

vWV /WVV MAJOR MAGNE"- 2 DISCONTINUITY

/VW- -vwi AV MAGNETIC DISCONTINUITY

( T P )  HIGH AMPLITUDE MAGNETIC SOURCE

LOW AMPLITUDE MAGNETIC SOURCE

C  D i P  i BOUNDARY OF MAGK'. ’ C DOMAIN

SECTION LINE FOR 
A GEOPHYSICAL MODEL

-2  350 000m -I

Eoo

BARBL,rrON

MAGNETIC INTERPRETATION 

PLAN No. 6

C.B MDOHE | S  D HAHN | M S c  THESIS
SCALE 1 ; 100 000 i DWG No.
DATE DECEMBER 1 9 9 3 1 A u /N W Y  I B A R / 2



KU

i
i
\ ï

! BARBERTON
\
?— ---  ------ --- ---------------- --------------------------------------------

I RADIOMETRIC TOTAL-CO U NT ! CONTOUR MAP
| ____



1

i

í
i
1

"'i.

" X
R3

t»

V

R5

uj,í(u í «r



-2  840 000m

REFERENCE

HIGH RADIOMETRIC COUNT RATE 

MODERATE RADIOMETRIC COUNT RATE 

LOW RADIOMETRIC COUNT RATE 

VERY LOW RADIOMETRIC COUNT RATEEZ3
■ D L -1 - RADIOMETRIC DISLOCATION

« ---------—  MAJOR LITHOLOGIC CONTACT

--------------- LITHOLOGIC CONTACT

--------------  POSSIBLE LITHOLOGIC CONTACT

-2  850 000rn

BARBERTON

RADIOMETRIC SURVEY 
INTERPRETATION

PLAN No. 8

E
c£

£Q8e ©
C B . MOORE 

SCALE 1 1 0 0  o n n
S.O.HAHN M .S c THESIS T*



V-,

f} /
¿S

fc: „ Ml1*
•f

•- TryP

Eg

%



R E F E R E N C E

CONGLOMERATE SHALE
MOODIES I 

" SEDIMENTS ¡1
FELSPATHSC QUARTZITE

SHA1E

CD

MAGNETIC SHALE AND LAVA 

FEG TREE SEDIMENTS

GMVERWACHT LAVAS 
ONVERWACHT ACID V'OLCANiCS

JAMESTOWN IGNEOUS COMPLEX

NELSPRUIT GRANITE

KAAP VALLEY GRANITE

FAULT / SHEAR ZONE

POSSIBLE FAULT * SHEAR ZONE

LITHOLOGIC CONTACT

POSSIBLE LITHOLOGIC CONTACT

FOLD AXIS

FELSSC INTRUSIVE

POSITIVELY MAGNETISED 
ULTRAMAFIC INTRUSIVE

NEGATIVELY MAGNETIC TO
V  ULTRAMAFEC INTRUSIVE 

—  DIOR3TE DYKE 

___ DOLER3TE DYKE

0 1 2
: 850 OOCm

BARBERTON

4 S 6 fcrr.

¡NTERGRATED GEOPHYSICAL 
INTERPRETATION

PLAN No. 9



Author:Moore, Chris.
Name of thesis:Applications of high resolution airborne magnetic and radiometric data in the Barberton Greenstone 
belt of South Africa.

PUBLISHER:
University of the Witwatersrand, Johannesburg 
©2015

LEGALNOTICES:

Copyright Notice: All materials on the Univers i ty  of the Wi twaters rand , Johannesburg  L ibrary  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed or otherwise published 
in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page)for your personal and/or 
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.


