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Abstract

Semidetailed airborne magnetic and radiometric data from the Petermann Ranges have been
processed and a geological interpretation carried out. The Petermann study area lies within an
aboriginal reserve and covers the Precambrian crystalline basement of the northern Musgrave
Block and the southwest margin of the Amadeus Basin and associated infolded sediments and
metasediments. Geological detail is severely limited by extensive sand and alluvial cover, and
airborne geophysics is the only practical method for mapping the solid geology over much of the
area.

The geophysical data have been reprocessed and presented as greyscale digital pixel maps.
Interpretation of these maps using a textural interpretation scheme has delineated two major
magnetic domains. Each Domain consists of smaller textural zones based on magnetic character-
istics such as amplitude, frequency and linearity of anomalies which reflect lithological variations.
The magnetic data is consistent with the regional scale fold nappe structure which dominates
the north of the study area and much of the southwestern margin of the Amadeus Basin. The
interpreted Northern Magnetic Domain includes the sediments of the Amadeus Basin, the Pe-
termann nappe as well as original gneissic and granitic basement rocks. Large scale east—west
basement shearing has been delineated within the basement of the Northern Domain. A two
stage model for the emplacement of the Pottoyu Granite Complex of the Musgrave Block is
proposed, with components both pre and post basement shearing, and a further deep seated
granitic intrusion is interpreted as the major source of the Cobb Gravity Depression within the
study area.

The Southern Magnetic Domain correlates with the high grade granulite gneisses of the
Musgrave Block and has been subdivided into two lithomagnetic units which reflect large scale
basement structure. The boundary between the Northern and Southern Domains is interpreted
as the geophysical response of the Woodroffe Thrust, a major crustal dislocation in Central
Australia. Current geological information only provides an approximate position for the Thrust
whereas the geophysical data has been used to trace the feature more accurately than previously
possible in the study area. The extension of the Mann I'ault Zone from South Australia into the
Northern Territory is confirmed and local to semiregional scale faulting and folding is defined
in both Domains.

This research has shown that by detailed reprocessing and interpretation the geophysical
data can be a useful aid to geological mapping in areas where access is limited and geological
control is sparse. The results of this project provide the starting point for detailed geological

mapping in sections of the aboriginal land in central Australia. -



Chapter 1

Study Objectives and Location

1.1 Introduction

A large section of central Australia has been geologically mapped on a regional scale though much
of the area, including the Petermann Ranges study area, is deficient in more detailed geological
information. This thesis represents the results of an interpretation of airborne geophysical
data from the Petermann Ranges and is an attempt to improve upon the currently available
geological information from the area. The interpretation of airborne geophysics is one of the
few tools available to improve the detail of geological knowledge from inaccessible or difficult
terrains such as the study area.

This chapter sets out the objectives and main problems addressed in the interpretation. The
methods required to solve the problems are introduced and a description of the location and

environment of the study area is presented.

1.2 Aims

The ultimate goal of any aeromagnetic/radiometric survey is to gain more information about the
geology of an area. The type of information extracted from the geophysical data depends very
much upon the specifications of the survey, and can range from broad scale information such as
the extent and regional structure of a large sedimentary basin, to local knowledge such as the
structural details of individual magnetic horizons or magnetic ore bodies. Between these two
extremes lies the semidetailed airborne survey used to aid geological mapping of significantly
sized areas (several thousand square kilometres).

Before tlie aims of this project can be adequately defined the limitations of the methods used
must be realized. A major limiting [actor is the size of the study area. The regional geological
setting of the area surrounding the study location is on a very large scale, and the study area
itself only covers a relatively small section of that structure, hence it is not possible to use the
geophysical data to develop tlicories on regional structure. However it is possible to use the data

to determine whether the presently accepted structural models are applicable in the light of the
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new information in the geophysical data.

The other major restriction arises from the geophysical data itself. The inherent ambiguity
of potential field data has been well documented, but there are also limitatijons on resolution
of anomalies. These are due to the flight line spacing and flight altitudes which can cause
small magnetic sources between flight lines to be missed and individual anomalies produced by
closely spaced bodies can appear as a single magnetic feature. It should also be noted that the
magnetic method only responds to rocks which contain magnetic minerals. A further limitation
to be considered is the quality of the auxiliary information such as the detail of the geological
mapping, and other ground control.

With these limitations in mind, the aims of this thesis work are primarily to use the semide-
tailed airborne magnetic and radiometric data, and other available information from the Peter-

mann Ranges area:

e to improve the understanding of the geology of the area,

® to investigate the usefulness of the geophysical data in an area where geological control is

lacking and ground access is limited.

1.3 Location Specific Problems

The Petermann Ranges area, like much of central Australia, is very remote. The nearest built
up area is at the Ayers Rock Yulara tourist resort, some 100 kilometres to the east. There is
one unsurfaced road passing through the area travelling between Ayers Rock, the Olgas and the
Giles Meteorological station across the Western Australian border. The isolation of the locality
means that collecting geological information is made difficult due to poor access. This problem
is compounded because the ma jority of the area is blanketed by a Tertiary and Recent cover of
unconsolidated conglomerate, sand and alluvium which obscures most of the more geologically
significant rock types. The task of ground geological mapping has been further complicated
recently because the whole area lies within an aboriginal reserve. This means that permission
is required from the traditional land owners before any work can be done in the area; such
permission is not always easy to obtain.

Hence it is apparent that a vast area of central Australia is largely unmappable by either
ground, airphoto or satellite remote sensing methods because of the reasons mentioned above.
The only practical way these problems can be overcome is by applying airborne geophysical
methods which are able to cover signiflicant areas quickly and, more importantly, can provide

useful geological information from sand covered areas which lack outcrop.
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1.4 Overview of Procedures

The geological understanding of a complex area only develops after many years and much work.
The Broken Hill area, for example, has been studied for nearly a century and not until the
last few decades when it was the focus of concentrated study, applying both geological and
geophysical methods, was a better understanding of the area developed (Isles, 1983). Much
of the Precambrian in central Australia requires a similar concerted effort, the use of airborne
geophysics being particularly useful in contributing to solving the geological problems.

The work in this project can be subdivided into two categories. The first task was the
(re)processing of the geophysical data and its display as greyscaled digital pixel maps. Digital
images are a form of display more conducive to certain aspects of detailed interpretation than
the traditional contour map presentation. Prior to this work the majority of the geophysical
data covering the area was only available in standard contour map form.

The second part of the work was the geological interpretation of the geophysical data using
all the available forms of the data, contour maps, processed images, flight line profiles and
other information from the area, including geological reports and maps, aerial photography and
previous geophysical and geochemical work.

Geological interpretation methods of aeromagnetic and radiometric data have been well
established over many years and well represented in the literature (Boyd, 1967; Whiting, 1983;
Pitkin, 1968; Potts, 1976) and are discussed in more detail in later chapters. The processing
and display of the data as greyscale images means that these methods have to be adapted to be
compatible both with the nature of the data and the location of the study, which is characterized
by a lack of geological control. It has been found that the “Textural Interpretation” scheme
proposed by Tucker and D’Addario (1986, 1986a, 1987) is suitable to both the available data and
the aims of the interpretation. Textural interpretation is discussed in further detail in Chapter
3.

1.5 The Study Area

The Petermann Ranges study area lies in the far southwestern corner of the Northern Territory
(see Figure 1.1). The area covers the southwestern margin of the Amadeus Basin, which is an
east-west trending Adelaidean and younger sedimentary basin, and to the south the area lies
over the crystalline basement of the Musgrave Block.

The study area spans two 1:250 000 map sheets, PETERMANN RANGES and BLOODS
RANGE and includes six 1:100 000 map sheet areas (see Figure 1.2 for the sheet names and
locations). In order to distinguish between the different scale map sheet names and place names
a standard system of writing 1:100 000 sheet names in emphasized text and 1:250 000 sheet
names in upper case, EMPHASIZED text will be adopted throughout this thesis.

Physiographically the area lies approximately 650 metres above sea level and is typically
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Figure 1.1: Study Area Location
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sandy plains and longitudinal sand dunes up to twelve metres high, particularly in the far north
of the area. The prominent ranges in the north, the Bloods Range and Petermann Ranges,
stand up to four hundred metres above the surrounding plain and consist mainly of resistant
quartzite. The Mann Ranges in the far south of the area make up the rugged outcrops of high
grade metamorphic and granitic lithologies extending southerly and easterly across the South
Australian border.

No economic mineral deposits have been found in the area, although traces of copper, silver
and gold have been reported (Forman, 1972). Low grade nickeliferous ochre has been detected
in drillholes in exploration extending from the nickel deposits south of the South Australian
border (Miller and Rowan, 1968).

In any magnetic study an important parameter is the direction and strength of the geomag-
netic field which controls, at least in part, the size and shape of the local magnetic anomalies
produces by subsurface magnetic bodies. The Earth’s magnetic field in the Petermann study
area has an average value of 55000 nanoteslas (nT) with an inclination of —58° and a declination
of 3°. This is assumed to be a constant over the study area. The nearest first order magnetic
stations are at Giles, across the Western Australian border, Ayers Rock and Alice Springs, both
east of the study area (Finlayson, 1973).

1.6 Previous Work

Geological

There have been numerous geological expeditions into the Petermann Ranges area since the
first European exploration by Ernest Giles in 1872, many of which have been described by
Ellis (1937). Between the time of Ellis’s expedition (in 1936) and the 1960’ the most notable
work reported from the area was a brief expedition made to the country around the Petermann
Ranges by a Sydney company, Centralian Holdings, in 1951 with G.F. Joklik from the Bureau of
Mineral Resources (hereafter referred to as the B.M.R.) as head geologist of the party (Joklik,
1952). Since that time there have been two major periods of ground activity in the area, both
concentrated on the northern area of outcrop. The first was by the B.M.R. when the study area
was mapped in the early 1960’s as part of the regional geological mapping of a large section of
the central Australian region.

The second major period of activity was in the mid to late 1960’s when Planet Mining
Company conducted a helicopter and fixed wing geological reconnaissance of the northern section
of the survey area (Wilson, 1966) in a search for base metals. This was in conjunction with a
reinterpretation of the available aerial photography (Jorgenson, 1966) and a geochemical survey
(Kenneth McMahon and Partners, 1968). This effort was initiated after the occurrence of

possible gossanous cappings were reported on some of the metasediments in the area.

Since that time little published geological work has been done in the area.
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Geophysical

One of the earliest observations on the magnetic properties of the rocks in the vicinity of the

study area was made by Wilson (1946):

“The magnetic variation is very erratic, even on the same hill I have noted a diflerence
of up to 5 and 6 degrees between readings (of a compass) taken sitting down and

standing up, although in exactly the same place.”

This was an early indication of the highly magnetic nature of the basement rocks in the area
and implied the possible usefulness of the magnetic method as a mapping tool long before any
systematic geophysical surveys had been done in the area.

The area was first crossed by a single aerial magnetic traverse line flown by the B.M.R. be-
tween Alice Springs and the Giles Meteorological station in October 1961 (Goodeve, 1961). A
regional helicopter gravity survey conducted by the B.M.R. in 1962 of the Amadeus and south
Canning Basins included the study area. Station elevations in the survey were established using
microbarometers and the station density was approximately one station per eleven kilometre
(seven mile) grid cell (Lonsdale and Flavelle, 1968).

The gravity survey was followed by a major regional aeromagnetic and radiometric survey
covering the Amadeus Basin and surrounding basement rocks in 1965 (Young and Shelley, 1977)
which covered the entire study area. A similar survey done over the South Australian section
of the Musgrave Block, the Mann-Woodroffe survey, included approximately fifteen minutes of
latitude in the study area immediately north of the South Australian border (Shelley and Downie,
1971). Both these aeromagnetic surveys had flight line spacings of at least 3.2 kilometres.

Planet Mining Company conducted an airborne magnetic survey over parts of the north of
the study area in conjunction with their other work which has been mentioned above (Woyzbun,
1968).

The study area has been included in two aerial photographic surveys flown by the Division
of National Mapping. The first was flown in 1957 at an altitude of 7700 metres (25000 feet) and
the second in 1984 at 7620 metres. Both were in black and white, and the former was collated
into uncontrolled photomosaics at an approximate scale of 1:63 360.

The geophysical data being used in this work, the Petermann Survey, was collected for
the Northern Territory Department of Mines and Energy (N.T.D.M.E.) in 1985 by Austirex
International (see Appendix B for full survey specifications). The survey represents the first
new geophysical data to have been collected in the area for nearly twenty years.

The six 1:100 000 map sheet arcas flown represent the first step in the Petermann/Musgrave
Block Project of the Northern Territory Geological Survey (N.T.G.S.). This project includes
the collection of semidetailed airborne magnetic and radiometric data, the occupation of new
gravity stations and the geological remapping of areas of the far south of the Northern Territory.

The location of the Petermann Survey, and its spatial relationship to the previously men-

tioned aeromagnelic surveys, is shown on Figure 1.3.
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Figure 1.3: Aeromagnetic Surveys, Southwestern Northern Territory
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1.7 Historical Note

No work on this part of central Australia would be complete without at least a brief mention
of the legend of Lasseter’s Recf, a fabulously rich gold bearing quartzite reef. The first alleged
sighting of the reef was by Lewis Harold Bell Lasseter in 1897. The discovery took place while
Lasseter was travelling alone in the general vicinity of the Petermann Ranges. Unfortunately
Lasseter was lost at the time of the alleged discovery, or soon afterwards, and hence could
not place an accurate location on the position of the reef. The reef was alleged to have been
rediscovered, again by Lasseter, some three years later. On this occasion he did take accurate
bearings on the location but upon returning from the sight found that his watch was running
over an hour slow, thus making his calculated position considerably in error.

Numerous eflorts were made to relocate the reef, by Lasseter and others, between the time
of its first discovery and the early 1930’s. In 1929 or 1930 a company was formed in Sydney,
the Central Australian Exploration Company, which organized and equipped a party to search
for the reef, with Lasseter himself as guide. Evidence from Lasseter’s diaries (Stokes, 1986)
indicates that Lasseter again located the reef while travelling alone in Western Australia, but
soon after the rediscovery his camel bolted and he was forced to spend several weeks in a cave
on the Hull River in Pottoyu waiting for help. That cave is now known as Lasseter’s Cave.
After about a month of waiting with little food or water no assistance had arrived, so Lasseter
attempted to walk to Ayers Rock for help. Severely weakened by the weeks of deprivation at
the cave, he died in January 1931 on Irving Creek (Petermann) after having travelled some 50
kilometres to the east.

Several attempts have been made since Lasseter’s death to relocate the gold reef. The most
recent was in 1987 with the backing of the Australian Army (Adelaide Advertiser, 19 June
1987). None of these later expeditions have been successful and this study has not identified

any particularly likely positions for the location of the elusive bonanza.



Chapter 2

Regional Geology

2.1 Introduction

The interpretation of geophysical data requires a good knowledge of the geological setting. A
more complete and detailed geological understanding will mean that more can be extracted from
the geophysics, with subtle geophysical features taking on significant geological meaning which
may otherwise have been overlooked. This chapter includes a description of the geology in and
around the study area, and the geological theories currently held about the area. The contents
of this chapter forms an important basis for the rest of this thesis.

Most of the geological work has been done by officers of the B.M.R. (Joklik, 1952; Forman and
Hancock, 1964; Forman, 1966; Forman, 1966a; Forman, 1972; Forman and Shaw, 1973; Cook,
1972). That work concentrated on the outcropping sediments, metasediments and basement
material of the southwest margin of the Amadeus Basin, which covers the northern half of the
study area.

The geological details in the south of the area are sparse, due to lack of significant outcrops,
and detailed descriptions of the geology are not available. For this reason it is necessary to
turn to literature dealing with areas immediately adjacent to the study area, both in Western
Australia and South Australia, and extrapolate the results, where applicable, into Northern
Territory. (Wilson, 1946; Wilson, 1947; Mirams, 1964; Miller and Rowan, 1968; Goode, 1970;
Moore, 1970; Collerson et al., 1972; Daniels, 1972; Daniels, 1974; Bell, 1974; Thomson, 1975).

2.2 Tectonic Setting

The study area covers two very diflerent geological settings (see Figure 1.1 in Chapter 1). The
upper Proterozoic to mid Palaeozoic Amadeus Basin in the north and the Precambrian Musgrave
Block in the south.

The Amadeus Basin is an east—west trending intracratonic basin stretching some 800 kilo-
metres. The basin is unusual in that it contains areas of very complex deformation, particularly

along its northern and southern margins, the naturc of which are not common in an intracratonic

10
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setting. Lambeck (1983, 1984) notes the symmetry of the Amadeus and Officer basins about the
Musgrave Block, and his computer modeling of the evolution of the central Australian basins
and basement blocks, using an origin within the Musgrave Block, indicates that a compres-
sional regime formed the series of basins (Officer, Amadeus, Ngalia) and arches (Musgrave and
Arunta Blocks) in the area. Lambeck’s modeling also indicates that the Musgrave Block has
been uplifted by at least 17 kilometres, with the boundary between the Musgrave Block and the
Amadeus Basin being a major thrust, possibly covered by a smaller secondary basin.

The Musgrave Block is a major Precambrian crystalline basement feature extending 750
kilometres east—west and 270 kilometres north—south. Several authors have postulated that the
Musgrave Block and the Arunta Block (to the north of the Amadeus Basin) are infact connected

beneath the basin:

“The Musgrave Block has many similarities to the Arunta Inlier and it is quite likely
that they link up beneath the Amadeus Basin to form an intracontinental mobile

belt between the North Australian and Gawler Cratons.”

(Plumb et al., in Hunter, 1981)
Daniels (1974) came to a similar conclusion. However a different, and more recent view on
the subject is held by Shaw et al., (1984):

“The Musgrave Inlier appears to be part of a separate mobile belt, initially unrelated
to the Arunta Inlier.”

It is evident from these contrasting opinions that this question is still open to debate. The
Arunta Block has been the focus of intensive study over recent years (Ding and James, 1985;
Whiting, 1987; James and Ding, 1988; Shaw et al., 1984) and more detailed work on the Mus-

grave Block is required to resolve this problem.

2.3 Stratigraphy

The stratigraphy of the study area can be broadly divided into three main categories (Forman
and Shaw, 1973; Wells et al., 1970). The oldest of these categories, known as the Older Base-
ment, is predominately high metamorphic grade gneissic lithologies intruded by several phases of
igneous activity. In the study area this group makes up the shallow basement rocks of the Mann
Ranges in the south and the gneisses in the centre of the area. Younger than this group is the so
called Younger Basement, a series of Precambrian metamorphosed sediments and volcanic rocks
which have been intruded by granites. The third and youngest category, referred to as “the
Adelaidean sedimentary rocks” by Forman and Shaw (1973) are the sediments of the Amadeus
Basin and are referred to in this work as the Amadeus Basin Sequence. This group has been
extended from that of Forman and Shaw to include some of the Palaeozoic sediments that also
crop out in the study area. The stratigraphy is set out in more detail in Table 2.1 and each of
the three main categories are discussed in the following sections.
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AGE UNIT LITHOLOGY THICKNESS CORRELATIVES
(max.metres)
Quaternary sand,alluvium dunes,sand plains - =
travertine
Tertiary conglomerate pebble,cobble,boulder 6
conglomerate,sandstone -
Ordovician sandstone very fine sandstone, 20 Stairway Sandstone
some marine fossils
Cambrian Mt. Currie conglomerate,sandstone - Ayers Rock Arkose
Conglomerate
Winnall Beds siltstone,sandstone 1500 Pertatataka Formation
Inindia Beds siltstone,sandstone, 2100 Areyonga Formation
chert
Proterozoic Pinyinna Beds crystalline dolomite Bitter Springs
limestone,siltstone, 300 Formation
schistose carbonate
slate
Dean Quartzite | quartzite,conglomeratic
quartzite kyanite- 1200 Heavitree Quartzite
muscovite-quartz schist
Mannanana porphyroblastic schist 1000
Porphyry amphibolite schist -
Porphyry quartz-feldspar
porphyry - -
Undifferentiated Bloods Range sandstone,siltstone,
Precambrian Beds shale,tuff,agglomerate 1000 Dixon Range Beds
basalt
Mt. Harris amygdaloidal basalt, 1000
Basalt tufl,agglomerate, =
quartzite
Pottoyu Granite coarse porphyritic
Complex granite, fine-med-coarse
granite, gneiss - -
Olia Gneiss amphibolite facies
gneiss, schist - -
Precambrian Musgrave-Mann granulite facies gneiss

Metamorphics

intruded by acid,basic

igneous rocks

Table 2.1: Stratigraphic Succession in the Project Area

Compiled from Forman and Hancock, 1964; Forman, 1966; Forman, 1972 Jorgenson, 1966; Wells ¢t

al., 1966; Preiss and Forlcs, 1981; Shergold el al., 1985
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Figure 2.1: Major Outcrop Geology
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2.3.1 Older Basement

The Older Basement material is primarily the high grade metamorphic rocks of the Musgrave
Block. According to Thomson (1975) the Precambrian of the Musgrave Block can be tenta-
tively subdivided into three major units, the two oldest units are of direct concern here (the
Older Precambrian Basement Rocks and the Younger Precambrian Basement Rocks) with the
Adelaidean Cover Rocks of Thomson’s unit three referring to the Dean Quartzite and younger
sediments which are discussed below.

The highest metamorphic grade basement material is the Musgrave-Mann Metamorphics
which outcrop in the far south of the study area, making up the high ground of the Mann
Ranges. In general the Musgrave-Mann Metamorphics are well layered granulites and gneisses,
with transitional granulite—amphibolite facies material also, which can be subdivided into quart-
zofeldspathic, mafic, intermediate, ultramafic and pelitic components (Collerson et al., 1972).
Quartzites and compositional layering in the granulites indicate that the protolith was perhaps
a sedimentary succession with silty, sandy and carbonaceous components (Thomson, 1975).

Arriens and Lambert (1969) give the time of metamorphism of granulites from the Musgrave
Ranges as 1350 & 120 (my) using Rb-Sr measurements. More recently Gray (1978) reports
consistent ages of 1550 my on granulites from the northern region of the Tomkinson Ranges in
South Australia. Maboko et al. (1987) have dated the granulite facies in South Australia at 1175—
1200 my. According to Forman and Shaw (1973) there is evidence for at least two metamorphic
events in the Musgrave-Mann Metamorphics outcropping in southern PETERMANN RANGES.
The second of these metamorphisms (about 1400 my) being a high pressure event possibly related
to thrusting.

The Musgrave-Mann Metamorphics have been intruded by several phases of igneous activity.
The Kulgeran granites, which include the Permano and Illbillie Adamellites (Smith, 1979) have
been dated at between 1100 to 1140 my, and have been noted by Smith to be highly magnetic,
having the highest magnetic susceptibilities of rock types that had been sampled from the area
at the time (0.628 S.I. units). Consequently the Kulgeran Granites are often associated with
high amplitude, circular magnetic anomalies (Smith, op. cit.).

A second phase of intrusion produced the basic and ultrabasic Giles Complex. The Giles
Complex intrusions outcrop as a number of individual sheets and plugs in an east—west trending
belt stretching 350 kilometres from well into Western Australia to Mt. Woodroffe in South
Australia. The intrusions are mainly anorthosite, norite, gabbro and pyroxenites with prominent
mineralogical layering. The intrusive bodies of the Giles Complex are associated with the large
scale faults (Hinckley, Mann, Woodroffe Thrust) which trend east-west across the northern
Musgrave Block (Thomson, 1966), although their emplacement preceded the development of
the faults (Goode, 1970).

The Claude Hills pyroxenite intrusion, which is the only Giles Complex intrusion that has

been mapped in the study area, lies within the Central Zone of Nesbitt et al. (1972) together
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with the better exposed intrusions of Ewarara, Kalka, Mt. Davies and Gosse Pile. Although
detailed work has been done on some of these better exposed bodies (Goode, 1970; Moore, 1970)
little appears to have been done on Claude Hills.

Remanent magnetic measurements on several of the Giles Complex bodies (Facer, 1971)
indicate that they have an average remanent magnetization direction with an inclination of
+62° and a declination of 343°, which is opposed to the present day Earth’s field (inclination
—58° and declination 3°). No samples were taken from the Claude Hills intrusion in Facers’
study, although some samples came from the Ewarara, Kalka and Mt. Davies intrusions, which
are south of the study area by some 25 kilometres.

Also falling into the category of Older Basement is the Olia Gneiss, which crops out in
southern BLOODS RANGE and northern and central PETERMANN RANGES. The major
occurrence of the gneiss within the study area is in the Pottoyu Hills on central PETERMANN
RANGES. The rock type varies from coarse porphyroblastic to fine grained gneiss with a strongly
jointed and folded texture. The bands of coarse porphyroblastic and fine grained gneiss vary
from several hundred feet to a few feet in thickness (Forman and Hancock, 1964). The Olia
Gneiss has been classified in the amphibolite metamorphic facies by Forman and Hancock (1964).
Amphibolite grade gneisses of the Musgrave Block in South Australia have been dated at 1525-
1575 my (U-Pb age) by Maboko et al. (1987). The different ages recorded on the granulites and
amphibolites indicate that these two rock types have undergone considerably different pressure-
temperature histories.

Isoclinal folding within the gneiss of the Pottoyu Hills trends northwest and anhedral quartz
grains in that area exhibit strain effects which suggest that they have undergone shearing and
recrystallization (Forman and Hancock, 1964).

On the southern flank of the Pottoyu Hills the gneiss is fine and even grained, well foliated
and lineated and contains isoclinal folding along northwest to southeast axes. The Olia Gneiss
in BLOODS RANGE is medium grained, pink to greenish grey and is strongly foliated and
lineated with the gneissosity dipping to the north.

The gneiss grades into the overlying lithologies (Mt. Harris Basalt, Bloods Range Beds and
Dean Quartzite) and is believed to have formed, at least in part, by metamorphism of the units
underlying the Dean Quartzite. Some of the Olia Gneiss may be original gneissic basement,

particularly in the south of the study area (Forman, 1966).

2.3.2 Younger Basement

The younger basement is made up of the Mt. Harris Basalt, Bloods Range Beds and various
metamorphosed equivalents of these units, including the Mannanana Porphyroblastic Schists,
and a quartz-feldspar porphyry. The Mt. Harris Basalt, at the base of this younger basement
sequence, is a thick series of amygdaloidal basalt, green schist, tuff and agglomerate which

outcrops in the northern section of the study area (see Figure 2.1). The base of the Mt. Harris
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Basalt is marked by a cross bedded quartzite overlain by basalt which is mainly epidotized,
amygdaloidal and massive, typical of quiet lava outpourings with an absence of any explosive
volcanism (Kenneth McMahon and Partners, 1968).

Apparently conformably overlying the Mt. Harris Basalt are the Bloods Range Beds, which
are a series of sandstone, quartzite, sericite feldspar schist, porphyry, slate and interbedded
basic extrusive rocks (Forman and Hancock, 1964). The unit outcrops in northern BLOODS
RANGE and also on the western edge of PETERMANN RANGES and is correlated with the
Dixon Range Beds, mapped in the neighbouring RAWLINSON sheet area in Western Australia.

The Bloods Range Beds have been subdivided into three units by Kenneth McMahon and
Partners (1968):

1. Arenaceous sediments at the base,
2. volcanic sediments and basic flows,
3. lutites and calcic sediments with graphite rich equivalents.

Forman (1966) notes that some of the basaltic material mapped as Mt. Harris Basalt may
belong to the Bloods Range Beds.

The Mannanana Porphyroblastic Schist, which is mapped on southwestern BLOODS RANGE
as an arcuate belt of outcrop, is noted as having an iron rich ground mass (Forman and Han-
cock, 1964). The Mannanana Schist is thought by several investigators (Forman and Hancock,
1964; Jorgenson, 1966) to be derived from the Bloods Range Beds and Mt. Harris Basalt. This
conclusion is based on the similarity in stratigraphic position of the Mannanana Schist and
metavolcanic units beneath the Dean Quartzite, and the presence of schistose porphyry and tuff
within the Bloods Range Beds.

The mapped Mannanana Porphyroblastic Schist on BLOODS RANGE is discontinued at the
southern boundary of that sheet. Immediately adjacent rocks on PETERMANN RANGES are
mapped as Pottoyu Granite Complex. Forman and Hancock (op. cit.) do note that the schist
is gradational with gneiss and granite.

Other porphyroblastic rock types occur associated with the Mt. Harris Basalt and Bloods
Range Beds, most notably a quartz-feldspar porphyry which forms a lenticular outcrop ten
kilometres (6 miles) long and three kilometres (2 miles) wide trending east—west across the
boundary between Hull and Bloods Range. This lithology is closely associated with the Mt. Harris
Basalt and stratigraphically placed near the top of that unit according to Wilson (1966).

2.3.3 Amadeus Basin Sequence

The Adelaidean and younger sediments and metasediments which outcrop in the study area are
grouped together in the Amadeus Basin Sequence. At the base of this sequence is the Dean
Quartzite. This quartzite is the major resistant outcrop forming the Dean and Bloods Ranges.

The Dean Quartzite is a medium to coarse grained moderately sorted, moderately rounded white
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and brown quartzite and sandstone with thin bedding, laminae and cross laminae (Forman and
Hancock, 1964). The unit lies unconformably upon the Mt. Harris Basalt and Bloods Range
Beds, with a thin basal conglomerate in some places which contains fragments of amygdaloidal
basalt. In many places the quartzite has been metamorphosed to sericitic quartzite which is
often schistose.

The Dean Quartzite is a prominent and important marker horizon all along the southwestern
margin of the Amadeus Basin and is correlated with the Heavitree Quartzite which occurs further
north in the basin.

Conformably overlying the Dean Quartzite are the Pinyinna Beds, which are a sequence
of crystalline dolomite limestones and siltstones containing a few poor stromatolites (Forman,
1966). The Pinyinna Beds have undergone recrystallization and metamorphism. Outcrop is
generally poor mainly due to the rapid weathering of the soft calcareous rocks that make up
the unit. The Pinyinna Beds have been subdivided into five units by Kenneth McMahon and
Partners (1968):

1. Quartz sericite schists, schistose slate,
2. hematite-goethite schist,

3. black graphitic slate, phyllite schist,
4. grey green siltstone,

5. yellow grey limestone.

The basal quartz sericite schist unit, which is in contact with the Dean Quartzite is in
agreement with the metamorphosed basal unit of Forman and Hancock (1964) as a grey schistose
slate, phyllite and fine grained quartz sericite schist, however the unit is not further subdivided
by those workers.

The Pinyinna Beds, together with the underlying Bloods Range Beds and Mt. Harris Basalt,
were the subject of an exploration effort after iron rich cappings were found which were thought
to be gossanous (Wilson, 1966). These cappings occur in the hematite-goethite schist (unit 2)
of the Pinyinna Beds. Geochemical surveys (Kenneth McMahon and Partners, 1968) suggested
that the beds contain no significant base metal concentrations.

The Pinyinna Beds are correlated with the Bitter Springs Limestone which outcrops north
of the study area and extensively along the northern margin of the basin.

Conformably above the Pinyinna Beds lie the Inindia Beds, a yellow brown siltstone, white
sandstone and chert with thin interbeds of dolomite. There is no outcrop of this unit in the
study area, although it is prominent north of the area in Souths Range. The Inindia Beds are
likely to underlie the recent sand and alluvium in the far north of the study area. The northern
correlative of the Inindia Beds is the Areyonga Formation. (Wells et al., 1966). .

The Winnall Beds, which are possibly unconformably above the Inindia Beds (Forman and

Hancock, 1964) outcrop in the far north of the study area in several small basinlike structures
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at Mt. Cowle and west of the Hull River (on Hull). Both these circular features are tentatively
mapped as Winnall Beds. Ranford et al. (1965) divided the Winnall Beds into four units
alternating between siltstone and sandstone with siltstone and silty sandstone being the basal
unit. The more resistant sandstone units form most of the strike ridges of Winnall Beds outcrop
that occur north and east of the study area ( Wells et al., 1966). Within the study arca
the sandstone units are white medium grained and medium to coarse grained with common
purple marls and cross laminations. The sandstone units have been broken into flags and blocks
(Forman, 1966). The silt units are yellow brown and red brown, laminated and micaceous.

The Mt. Currie Conglomerate unconformably overlies the Winnall Beds in the Pinyinna
Range (northeast Bloods Range). The upper portions of the Mt. Currie Conglomerate form the
well known inselbergs at Mt. Olga, eighty kilometres to the east of the area. The Conglomerate
is described by Forman and Hancock (1964) as a sequence of pebble, cobble and boulder con-
glomerates which were probably deposited at the same time as the arkose at Ayers Rock as a
lithological variant of that unit.

A fifteen to twenty metre thickness of undifferentiated Ordovician Sandstone outcrops in the
northeastern corner of the study area. The unit is an essentially flat lying fossiliferous white
and grey very fine sandstone. It is an outlier of the shallow marine Stairway Sandstone (Cook,
1972). The sandstone in the study area is probably part of the wide spread upper unit of
the Stairway Sandstone which is a white very fine grained sandstone. The middle unit of the
Stairway Sandstone is noted for the occurrence of phosphorite (Cook, 1972).

Tertiary pebble, cobblé and boulder conglomerates are common on the flanks of the quartzite
topographic highs, but most of the area is covered by Quaternary sands and alluvium. Ten to
twelve metre high northwest trending longitudinal sand dunes dominate the far north and much
of the area to the south is flatter sand plains with occasional dunes (Forman, 1966; Forman,
1972).

2.3.4 Granites

The Pottoyu Granite Complex forms a large area of outcrop in northern PETERMANN RANGES
and into southern BLOODS RANGE. The main mass of the granite has been described by For-
man and Hancock (1964) as a coarsely porphyritic biotite-quartz-feldspar rapakivi granite with
up to 50 % interlayered gneiss, schist, amphibolite and quartzite. The granite is in contact
with Bloods Range Beds, Olia Gneiss, Mannanana Porphyry and Dean Quartzite. The con-
tact with the Dean Quartzite is generally gradational (transitional) but in places is reported
as being clearly intrusive. Outcrop near the Hull River on PETERMANN RANGES includes
at least three types of intrusive granites from which relative ages can be determined (Forman,
1972). Rubidium-Strontium whole rock dating on granite specimens from Mt. McCulloch (east-
ern central Petermann) and Katamala Cone, east of the study area, give an age of emplacement

as 1190 my and 1150 my respectively and a 600 my age on biotite and microcline from the
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specimens is interpreted by Forman (1972) as the time of the last metamorphism of the granite
complex. Thompson (1975) includes the Pottoyu Granite Complex in the Kulgeran Granites of
the Musgrave Block.

A prominent and well developed northwest foliation is visible in the Granite Complex in the
Pottoyu Hills from air photographs. This foliation is less well developed in the granite around
the Hull River in southwestern BLOODS RANGE and northwestern PETERMANN RANGES.

The northern edge of the Granite Complex (Hull, Pottoyu) has a border phase of pink
medium grained granite and medium grained porphyritic granite (Forman and Hancock, 1964).
The width of this border phase is not reported in the literature.

Further north in BLOODS RANGE there are several smaller sheets and bosses of granite
referred to by Jorgenson (1966) as undifferentiated or minor granites. These show gradational
contacts with the Mt. Harris Basalt, Bloods Range Beds and Dean Quartzite and, in general,
are very coarse porphyritic granites. The northern most granite outcropping near the eastern
edge of Hull (13 kilometres southwest of Mt. Harris) is described as intrusive into the Mt. Harris
Basalt (Forman and Hancock, 1964). Jorgenson (1966) believes that these outcrops and the

Pottoyu Granite Complex are possibly lateral equivalents.

2.4 Geological Structure

There are several interpretations of the regional geological structure in the southwestern margin
of the Amadeus Basin, all of which concentrate on the region in the north of the study area. Two
structural theories will be discussed here. The first, proposed by Forman, is the most widely
accepted and published. The second is the result of a reinterpretation of air photographs and
other information by Jorgenson (1966) and a fixed wing and helicopter reconnaissance carried

out by Wilson (1966) in the north and to the east of the study area.

2.4.1 Forman’s Interpretation

Forman suggests that there is a uniform structural style for over 320 kilometers (200 miles)
along the southwest margin of the Amadeus Basin. The distribution of the Dean Quartzite
throughout the area of the southern margin of the basin was important in formulating and
defining this theory, since the unit is a unique and prominent marker horizon.

According to this interpretation the regional structure is dominated by a recumbent fold
which is over 320 kilometres long and 50 kilometres or more wide. The folding took place at
the end of the Precambrian during a compressional deformation called the Petermann Ranges
Orogeny 600 my ago. The orogeny has been attributed to the rising isotherms that led to
continental break up of Australia and Antarctica about 570 my ago (Veevers et al., 1982).

The regional structure is illustrated on the block diagram, Figure 2.2, from Forman and

Hancock (1964). The diagram includes the area approximately covered by the Hull and Bloods
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Range sheets. There are three generations of folding in the area. The oldest folds, F!, are
isoclinal recumbent folds which trend east—west along the main trend of the ranges. These early
folds are clearly refolded by second generation FZ folds which are also isoclinal and recumbent
with their axial planes trending in a north-south direction. A further generation of F? folds is
present in the Mannanana and Curdie Ranges of southwest BLOODS RANGE and are a series
of tight east southeasterly trending folds with overturned axes dipping to the south.

The regional recumbent fold involves the Olia Gneiss, Mt. Harris Basalt, Bloods Range Beds,
Dean Quartzite and Pinyinna Beds. The overlying sediments (Winnall Beds and Inindia Beds)
are believed to have been squeezed northwards out of the recumbent fold on a décollement
surface within the mobile evaporitic Pinyinna Beds. Décollement surfaces within the Bitter
Springs Formation have been reported by Froelich and Krieg (1969) on the basis of limited
seismic control in the north of the Amadeus Basin where there are similar but smaller scale
fold nappe structures. The Winnall and Inindia Beds exhibit only gentle folding developed by
the much later mid-upper Devonian Alice Springs Orogeny, which was centred on the northern
margin of the Amadeus Basin and the Arunta Block.

The Mt. Currie Conglomerate and Ayers Rock Arkose formed as a molasse type clastic wedge
off the newly formed Petermann Mountain Range along the northern front of the recumbent
fold early in the Cambrian.

Structural details from the south of the study area are scarce. One of the major structural
features in the area is the Woodroffe Thrust. The Thrust has been mapped in South Australia
as a gently southerly dipping to near horizontal zone of protomylonites, ultramylonites and
pseudotachylite which varies in thickness from between 10 and 100 metres (Collerson et al.,
1972; Bell, 1974). The southern granulite facies Musgrave-Mann Metamorphics were thrust
northwards over the amphibolite facies Olia Gneiss along the Woodroffe Thrust with of the
order of 25 kilometres of northerly movement (Major, pers. comm.). Forman (1972) postulated
that the Thrust was active during the Petermann Ranges Orogeny (600 my) and recent dating of
muscovite from a minor shear zone related to the Woodroffe Thrust in South Australia (Maboko

et al., 1987) yielded an age of 540 my as the latest movement of the thrust.

2.4.2 Jorgenson and Wilson’s Interpretation

An alternative interpretation of the structure of a smaller area in the north of the study area
(Prospecting authorities 1435 and 1546) has been suggested by Jorgenson (1966) and Wilson
(1966). These workers were aware of Forman’s interpretation but could see no reason to involve
the regional recumbent fold and consequent large scale décollement in the Pinyinna Beds.

The basis of this alternative interpretation is a series of large individual isoclinal anticlinal
folds which are separated by the root zones of tightly folded isoclinal synclines, with their axes
overturned to the south, so that the northern limbs of the anticlines and the southern limbs of

the synclines are overturned. The synclinal root zones make up the prominent quartzite ranges



CHAPTER 2. REGIONAL GEOLOGY ' 22

in the area (Dean, Bloods, Pinyinna, McNichol, Piultarana, Curdie).

The cause of this style of deformation is seen by Jorgenson (op. cit.) to be due to pressure
from the north, possibly applied by very deep seated plutonic granite and porphyritic rocks
which have moved outwards and upwards from the position of the present Amadeus Basin into

the Precambrian rock sequence during the Petermann Ranges Orogeny.

2.5 Discussion

The task of making valid hypotheses on the regional structure of this part of central Australia
requires careful study of the geology of a very large area. Jorgenson (1966) and Wilson (1966)
were restricted to a small section of the area, just as the area covered in this thesis work, although
substantial, is only a portion of the size required to get a truly regional picture.

Forman’s interpretation is based on much first hand experience over a very large area and
has, in general, been accepted by other workers who have looked at the area (Froelich and Krieg,
1969; Daniels, 1972; Lambeck, 1984; Korsch and Linsday, 1989). Since the aims of this thesis
work, as defined in Chapter 1, are to produce a detailed geological interpretation of the study
area, the interpretation needs to be set within a regional structural framework. The geophysical
data is consistent with the recumbent fold model (see Chapter 5) and thus the framework which
will be adopted for the northern section of the study is the regional recumbent fold hypothesis

proposed by Forman.



Chapter 3

Image Interpretation

3.1 Introduction

The interpretation of airborne magnetic and radiometric data requires the data itself to be
in a form that is both meaningful and easily understood. Traditionally the main formats of
data presentation have been contour maps, stacked profiles and individual flight line profiles.
Recently the use of digital imaging for remotely sensed data has become more common, first
with satellite images and then with geophysical data sets. Digital images are more versatile than
contour maps and their use means that the major step of computer contouring, during which
numerous problems can arise, is avoided. The presentation of the geophysical data as digital
images has been applied extensively in this work using a system developed in the Department of
Geology and Geophysics by S. Rajagopalan (see Appendix A). Prior to this work the majority
of the data covering the study area was available only as contour maps and computer tapes. The
differences between a contour map presentation and a digital image are best illustrated with an
example. Figure 3.1 shows the Dufficld sheet at a scale of 1:500 000 both as a contour map and
a greyscale digital image, and highlights the much finer detail visible in the image, particularly
at this small scale.

This chapter describes the methods used for the interpretation of the magnetic images, and

presents the qualitative interpretation framework of the study area.

3.2 Interpretation Method

A common and generally accepted method of interpreting airborne magnetic (and radiometric)
data is to subdivide the study area into a number of smaller subareas, with common geophysical
(geological) characteristics. This method has been well documented in general terms and case
histories (Boyd, 1967; Emerson, 1973; Isles, 1983; Ukaigwe, 1985; Whiting, 1987). Most of the
interpretation schemes based on this method differ in significant details from one another, and

there does not appear to be any standardized method or nomenclature for this type of qualitative
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interpretation. Whiting (1987), in his study of the aeromagnetics over the Arunta Block N.T.
divided the area into a number of provinces, whereas Emerson (1973) subdivided the magnetics
of the eastern Yilgarn Block W.A. into a number of magnetic zones. Both Isles (1983) and

Ukaigwe (1985) in their work on the Broken Hill Block subdivided the area into zones and Isles
went a step further and broke his zones into smaller domains.

The division of an area into smaller subareas of consistent internal magnetic characteristics
is generally achieved by comparing components of the overall magnetic data, such as anomaly
amplitudes, frequency, shape, linearity and elongation direction, all of which add up to produce
a distinct magnetic pattern or texture. The component parts of the anomalous magnetic field
depend upon the disposition of the underlying lithologies, their magnetization, depth, strike and
geological structure, thus subareas can be used to make inference on the causative geology.

The approach which has been used in this work is to give each of the commonly used terms
to describe magnetic subareas (province, zone and domain) a hierarchical relationship related to
scale or areal extent. The term province is used to describe the largest areas, which can be vast
expanses of magnetically similar areas, such as the magnetic response of the Musgrave Block, or
the Amadeus Basin as a whole. Thus the delineation of provinces requires small scale regional
aeromagnetic maps such as the B.M.R. 1:1 000 000 series. Each province is then subdivided into
domains, perhaps relating to major lithostratigraphic groupings. Domains can then be further
broken down into smaller zones which pick out related magnetic lithologies (lithomagnetic units)

or groups of several rock types which produce similar magnetic responses.

3.2.1 Textural Schemes

Most qualitative interpretation schemes are based on data presented as contour maps and if
the data are in an alternative form then the interpretation schemes need to be adapted to that
different form of presentation.

When using greyscale images for acromagnetic interpretation a slightly different approach
needs to be made where magnetic subdivisions are based on areas of similar image texture, where
the overall texture is a result of the components of the anomalous magnetic field as discussed
above. This “textural interpretation” approach based on greyscale digital images was proposed
by Tucker and D’Addario (1986, 1986a, 1987) and has been successfully applied by those workers
on several 1:1 000 000 scale total magnetic field greyscale images.

The interpretation scheme of Tucker et al. (1987) divides the greyscale image into a number
of textural domains. FEach domain contains several areas of differing textural characteristics
(e.g. smooth, mottled, granular). This style of interpretation has been adopted in this thesis
with some minor alterations which will be described below. An effort has been made to remain
compatible with the original scheme.

As discussed in Appendix A the directionally filtered total field magnetic image gives the

data the illusion of surface texture, and it was found that a textural interpretation was best
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done based on this image, although considerable input came from all the other forms of the
data. This is one of the major diflerences between the scheme applied here and that of Tucker
et al. (op. cit.) which is based on unfiltered total field magnetic images. Another significant
difference between this work and Tucker’s scheme is the map scale. The latter is based on maps
of a 1:1 000 000 scale with domains commonly of the order of the size of a 1:250 000 map
sheet. The Petermann study area is the same size as a 1:250 000 map sheet and as such, more
emphasis is placed on the textural components (here termed zones) which go to make up the
larger domains than in the work of Tucker et al. (op. cit.). The working map scales used were
1:250 000 and 1:100 000. The 1:1 000 000 images presented in this thesis are at the smaller scale

for convenience of display only.

3.3 Magnetic Textures

Textures of magnetic greyscale images are primarily dependent upon the magnetization and
disposition of the rocks over which the data is flown (as discussed above) and, as such, textural
zones will always tend to be relative, depending on whether the area under study is one where the
lithologies are strongly magnetized or only weakly magnetic. A definition of the characteristics
of each textural zone used in the qualitative interpretation is a prerequisite before conclusions
are made about those zones. The zone definitions are best achieved by presenting a typical
example of each zone from the data set. The majority of examples in Figure 3.2 are from the
total magnetic field which has been directionally filtered to enhance east—west trending features.
A discussion of each of the textural zones, with a description of their characteristics, is set out

below in an order of increasing relative magnetic activity.

Smooth

A smooth texture (S) is perhaps the most intuitively obvious and is simply areas of flat or
slowly varying smooth magnetic field which are devoid of high frequency anomalies. The typical
smooth texture on Figure 3.2 comes {from the Hull sheet. Anomalies within the smooth textural
zone are low frequency, slowly varying and of variable amplitude.

Such zones are associated with significant thicknesses of nonmagnetic material, generally
sediments or metamorphosed sedimentary rocks with a very low magnetic susceptibility, such as
sandstones, quartzites and some nonmagunetic schists and carbonate rocks. The smooth texture

as defined and used here is the same as that used by Tucker et al. (1986, 1987).

Granular

A granular texture (G) represents arcas in which there is a higher magnetic activity than in
smooth textured areas. The example in Figure 3.2 is taken from the southwestern section of

Hull. The magnetic anomalies within the zone are of small amplitude (0-50 nT), caused by near
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surface sources. The anomalies are generally single flight line features with little continuation
across flight lines, resulting in zones with very few linear anomalies. Granular zones in the study

area are generally associated with near surface granitic rocks of low magnetic susceptibility.

Mottled

The mottled texture (Mo) is more magnetically active than the granular. The anomalies within
mottled zones are of higher amplitude than those associated with granular zones, typically 40-
150 nT. Linear anomalies are more prevalent although they tend to be only a few kilometres
long. A typical mottled zone taken from Hullis shown in Figure 3.2. Rock types associated
with mottled zones are those of moderately magnetic lithologies such as magnetic granites,

porphyries, and metamorphosed material, volcanics and quartzofeldspathic basement rocks.

Linear

As the name suggests the linear textural zone (L) is characterized by long elongate anomalies,
closely spaced and generally parallel to ecach other. The anomalies are high frequencies and
moderate amplitude (50-150 n'T) and correlate strongly across flight lines. The examples of the
linear zone in Figure 3.2 comes from the central section of Petermann. Source rocks for this
type of texture are near surface with moderate to high magnetic susceptibilities, and a strong
linear fabric such as foliated gneisses or other metamorphically or structurally layered magnetic

rocks.

Broad Linear

Broad linear zones (BL) are those which contain anomalies with a strong linearity similar to
the linear zones but are of a lower frequency and higher amplitude. The type example for this
texture comes from the northern section of Hull. Anomaly amplitudes can be up to 500 nT.
Source material for the zone are strongly magnetized units, possibly magnetite rich sedimentary
horizons or strongly magnetized layered metamorphic rocks buried beneath a nonmagnetic cover

up to 400 metres thick.

Muricate

The muricate texture (Mu) is the high relief magnetic response of strongly magnetized near
surface metamorphic basement rocks. It is characterized by large amplitude (up to 1100 nT)
and high frequency complex magnetic anomalies made up of closely spaced shallow magnetic

sources, often highly deformed by faulting and folding.
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Circular/Elliptical Features

A common feature in aeromagnetic maps is the occurrence of circular or elliptical areas with
magnetic characteristics which contrast with those of their surrounding areas. The circular
features can be either more magnetically active than the neighbouring material or less active.
They are not extensive enough to be classed as a textural zone in themselves but are a common
and distinctive feature in several of the zone types discussed above, especially those of highér
magnetic activity.

The shape of the zones suggests an igneous intrusive origin and the variable magnetic nature
is dependent upon the lithology, nonmagnetic granites producing the low relief features and
basic magnetite rich intrusions causing the more highly magnetic features.

There are numerous circular /elliptical features of various types and sizes in the southern half
of the study area which manifest themselves most effectively in the unfiltered magnetic images.
The examples shown in Figure 3.2 are of the unfiltered total magnetic field data from southern
Cockburn/Duffield , and highlight a prominent circular magnetic low and part of a more subtle

circular area of increased magnetic activity.

3.4 Magnetic Subdivisions of the Petermann Area

On the basis of the magnetic textures described above, the study area has been divided into a
number of magnetic textural zones and two larger magnetic domains, the Northern Domain and
the Southern Domain. These subdivisions form the framework of the geological interpretation of
the area. The subdivisions are based only on the magnetic data and do not take the geological
distribution into account and in this respect the divisions represent a geologically unbiased
interpretation of the data. Not all the magnetic boundaries are sharp or definite and alternative
interpretations would be possible, although only minor changes are likely from the interpretation
presented here.

Each textural zone has been given an alphanumeric identification code (e.g. NS1, see Figure
3.3). The first letter in the code refers to the magnetic domain, N is the Northern Domain, S
is the Southern Domain. This is followed by a one or two letter code describing the magnetic
textures as listed above. The final number is a repeat code, if required, to identify zones within
the same domain and with the same texture, but a different location. Such identification codes
have been written in bold face type throughout this thesis. The locations of the interpreted
zones are presented in Figure 3.3 and are referred to {requently in later chapters.

The Northern Domain is made up of a number of clearly defined textural zones. Most cor-
relate closely with the known geology of the Amadeus Basin sediments and adjacent metasedi-
ments, metavolcanics and basement rocks. In contrast, the Southern Domain is a zone of higher
magnetic activity and complex magnetic patterns, reflecting the near surface, high grade rocks

of the Musgrave-Mann Metamorphics which have a complex multiple deformation history. All
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the circular and elliptical features in the study area are restricted to the Southern Domain. A

detailed interpretation of the radiometric and magnetic data covering the two domains is set

out in the following chapters.



Chapter 4

Radiometric Data

4.1 Introduction

The radiometric data over the study area correlates well with the interpreted magnetic domains
and textural zones, however radiometric surveys only respond to the top few tens of centimetres
of surface material and so parameters associated with the vertical dimension, such as depth and
dip, are not relevant variables in radiometric interpretation. There are three main unknowns

that are addressed in the interpretation of radiometric data:

1. the surface position of the source of radioactivity,
2. the surface dimensions of the source,

3. the radioactive strength of the source.

Thus the interpretation of radiometric surveys requires a different approach to that of mag-
netic or gravity data. This chapter presents the data and discusses the interpretation methods
applied and the results obtained from the radiometric data over the study area. The survey

specifications and corrections that have been applied are covered in Appendices B and C.

4.2 Interpretation Philosophy

Airborne radiometric data is generally collected for one of two important reasons. One of these
reasons is to use the data as an exploration tool in the search for radioactive ore deposits, the
second is to use the data as a geological mapping tool. Both these methods require a different
approach to the interpretation of the data and it is important to decide how the data is to be
used prior to embarking upon an interpretation project.

If the radiometric survey is to be used in the search for radioactive ore deposits it is almost
mandatory that a detailed knowledge of the geology is available. One interpretation technique
calculates the mean and standard deviation of the radioactive data set and uses these figures

to highlight anomalies that are one, two or more standard deviations above or below the mean

32
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LITHOLOGY URANIUM (eppm) | THORIUM (cppm) | POTASSIUM (%)
Acid Igneous 4.8 18 3.8
Intermediate Igneous 2.6 9.7 2.2
Basic Igneous 1.1 3.2 0.8
Granulite 0.6 5.7 2.0
Amphibolite 1.2 6.0 2.4
Argillaceous 3.8 14 2.2
Arenaceous 0.9 3.9 1.2
Carbonates 1.3 1.4 0.25

Table 4.1: Typical Radioactive Element Concentrations
Compiled from Morse, 1977; Emerson, 1973; Aswathanarayana, 1985; Fahrig et al., 1967;
IAEA, 1979; Darnley, 1982; Lambert and Heier, 1967

value, thus producing a so called significance factor map (Potts, 1976). Obviously this sort of
technique must take into account the radiometric response of different lithologies in the study
area and the calculated mean and standard deviation must be related to these lithologies. If
this is not done any occurrence of a highly radioactive rock type such as a granite will always
be highlighted as a statistically significant anomaly.

Individual radiometric anomalies can be interpreted on a semi quantitative basis if the pa-
rameters of an anomaly are studied in profile, such as the position of peak intensity, the area
under the anomaly curve, the continuity of anomalies across flight lines. These parameters can
be used to classify anomalies into various source classes, elementary, broad, line, slab and infinite
sources (Sakakura, 1957). Analysis of this type can be useful in the search for ore bodies.

When using the radioactive data as a tool to aid in geological mapping, as is the case in this
project, it is not so much the statistically significant anomalies that are of interest but rather
the overall variations in radioactive strength with different lithologies. The basic premise of
this type of interpretation is that the same lithology will produce similar radiometric responses,
taking into account facies changes, both sedimentary and metamorphic and changes in the cover
material. This premise has been shown to be applicable in many studies (e.g. Newton and
Slaney, 1978; Pitkin, 1968).

Like many physical properties of rocks (density, magnetic susceptibility, seismic velocity)
lithologies can be divided into broad sequences with typical or average radioactive element con-
centrations, although there are numerous exceptions and variations to the generalized scheme.
Various authors have presented such information for the average radiometric response of gener-

alized rock types; a compilation of such data is presented in Table 4.1.



CHAPTER 4. RADIOMETRIC DATA 34

4.3 Data Presentation

The process of radioactive decay, like most subatomic processes, is a statistical one. This means
that there are measurable statistical errors associated with the collection, presentation and
interpretation of radiometric data.

A series of radioactive count rates measured in unit time for a particular radioactive sample
will follow a Poisson distribution (Lgvborg and Mose, 1987). The mean or desired value of a
Poisson distribution is the modal value and the standard deviation is given by the square root
of the mean. By consideration of this simple relationship it is evident that as the mean count
rate increases so the standard deviation decreases as a percentage of that mean count rate. This
implies that the signal to noise ratio of a radiometric signal will decrease as the mean value
of the signal decreases. The longer the time span (count time) over which the measurement is
taken the more statistically significant will be that measurement because the number of counts
will be large. Airborne surveys have count times that are necessarily short since the aircraft
is in continuous motion and a long count time will cover a large tract of ground and possibly
variable strength sources. Hence the trend for very large crystal volumes for data acquisition,
which yield high count values in relatively small count times.

Due to the inherent statistical nature of the radiometric method there is destined to be
noise on the records. The uranium channel, which in general has the lowest count rates, will
be expected to be the noisiest channel, and this is often the case in surveys in the literature
(e.g. Richardson, 1983) and also in this study. The total count channel, which has the highest
recorded count rates, is expected to have the highest signal to noise ratio.

When using radiometric data as a tool to aid geological mapping the important parameters
are the amplitude of the radioactivity and areal extent of radioactive zones, the form of individual
anomalies is of much lesser importance. Contour maps of aeroradioactive data tend to be of
limited use. If a contour interval is used which is in line with the range and distribution of the
data there are necessarily a large number of small contour closures due to the inherent statistical
noise contained within the data, resulting in a difficult map to interpret. Alternatively the
contour interval can be unduly large to subdue these closures but then the finer details arc lost,
much of which is of the upmost importance. In general, contours tend to highlight the shape
of anomalies but not their amplitudes. For these reasons digital images are a far more effective
method of display.

The radiometric data, like the magnetic data, was gridded with a cell size of 100 metres (the
original sampling intervals were approximately 20 m along flight lines and 500 m between flight
lines, see Appendix B) and presented as greyscaled images. The total count channel is presented

in Figure 4.1 as equivalent radioelement concentration units (ur).
Correlation with outcropping geology in the total count data is very good. Sediments of the
Amadeus Basin Sequence in the Northern Magnetic Domain show up as total count lows (black

areas), the most obvious being the Dean Quartzite and Winnall Beds in the far north of the
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area. The granites, those in the north, the Pottoyu Granite Complex and those in the Southern
Magnetic Domain all produce clearly defined total count highs. The Southern Magnetic Domain
correlates with a general lowering of the overall radioactive level.

There are aspects of the data, in most or all of the four radiometric channels, that are caused
by either surficial material or are artifacts of the data itself and are worthy of note before a more
detailed discussion of the data is undertaken. In the far north quite strong southeasterly trending
linear parallel anomalies are caused by sand dunes in that area. It is not clear from the digital
images whether the anomalous regions are highs or lows, but on careful inspection of the profile
and ground clearance data it becomes apparent that the radiometric lows are associated with
the dune crests and the higher values are over the dune corridors. Dune crests generally have
the mobile, active sand that is easily moved by the wind, whereas the corridors are much more
stable (Tseo, 1986). It is evident from the geophysical data that the light windblown fraction of
the sand has a lower proportion of grains of radioactive material than the more stable sediments
found in the dune corridors. Similar curvilinear anomalies are also caused by dune fields in
Cockburn and Duffield.

Low amplitude radiometric shadows are evident to the northwest of some of the major
quartzite ranges in northern Hull and Bloods Range. These quartzite outcrops make up the
prominent Bloods Range topographic highs. Material blown from the ridge tops by the pre-
vailing southeasterly winds (Brookfield, 1970) has settled on the alluvium to the north, which
has a higher background count rate, to form a thin blanket of lower radioactive material. A
similar phenomenon of wind borne material affecting the results of an airborne survey has been
reported by Gregory (1983) where highly radioactive waste rock from uranium mine workings
were recorded three to five kilometres downwind from a mine dump near the Athabasca Basin,
Canada.

The major river beds in the Northern Domain, the Docker, Hull, Irving and Chirnside creeks,
are clearly visible as total count highs. Most of these water courses are sourced in the granitic
Pottoyu Hills and the noticeably higher radioactive levels are due to detrital feldspar grains,
high in potassium content, washed from the granite outcrops.

Noticeable north-south trending striping in the data is an artifact of the flight line direction
of the survey, primarily due to the variation with time of the amount of radioactive atmospheric
radon gas, coupled with instrumental drift. The banding is spatially correlated in all four chan-
nels. Some attempts to remove the banding using line averaging techniques and between channel
correlation as proposed by Green (1987) were made. These efforts produced only minimal im-
provements and since the banding is not a major problem they were not applied to the data on
a routine basis.

Two linear east—west trending features in southern and central Petermann are another ar-
tifact in the data caused by discontinuities in the flight line pattern. Between these two linear
features the flight lines are short, and leveling mis-ties at either end of the flight lines cause the

problem. Tle linear features are visible in all the radiometric channels and also some of the
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processed magunetic images.

The corrected potassium channel data (Figure 4.2) shows good correlation with the outcrop
geology, particularly in the Northern Domain. Several of the larger water ways (Hull River,
Docker River, Irving Creek) are manifested as noticeable highs, due to the abundance of detrital
feldspars as discussed above. The radiometric response of the sand dunes is not as obvious in
this channel as it is in the total count and thorium channels (see below).

The thorium channel data (Figure 4.3) produces a lower quality image than the two previ-
ously discussed chanmnels due to the effects of increasing statistical noise and this is particularly
noticeable in areas of no outcrop. The response of the geological outcrop is well defined and
follows a similar pattern to the total count and potassium data. The Pottoyu Granite Complex
shows a clearer response in the thorium channel than in the potassium, and the alluvial cover
over the granite in southern Hull, associated with the Hull River, is clearly defined as an area
of lower thorium content. The response of the sand dunes in the northeast of the study area is
also clear in the data. Subtle differences between the thorium and potassium channels can yield
useful information and is discussed further in the next section.

The uranium channel (Figure 4.4) shows a marked deterioration in the quality of the data,
the effects of statistical noise becoming quite prominent, as well as banding along the flight
line direction. Some efforts were made to improve the appearance of the uranium image using
processing techniques such as median filtering and averaging, however these did not improve
the image quality greatly. Despite these problems the response of the geological outcrop is still
discernible, particularly the highs produced by the granite outcrops of the Northern Domain

and the lows associated with the quartzite ranges.

4.4 Data Processing and Analysis

As discussed in Appendix A there are numerous image processing techniques that can be applied
to the gridded data, although the noisy nature of radiometric data restricts the usefulness of
many of the methods.

One method commonly used with satellite imagery and radiometric data is the calculation of
ratios of one band (channel) to another. These ratios exploit the overall similarity of the data in
each channel, but highlight the small differences between channels. Ratios also have the added
advantage of minimizing leveling problems in radiometric data. The strong correlation between
the radiometric channels makes this ratio technique a useful one to apply here.

The commonly studied radiometric ratios are U/TH, TH/K and U/K. The best quality
ratio image is presented in Figure 4.5 the TH/K ratio. The poor quality of the uranium channel
means that the low signal to noise ratio will be propagated to any ratio image that involves the
uranium data, and so the U/TH and U/K ratio data are not presented here. -

Figure 4.5 highlights the sediments and metasediments in the north of the area as highs. The

Dean Quartzite shows a variable response, with low ratios at the centre of outcrops, correspond-
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Figure 4.3: Thorium Channel Radiometrics
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ing to the peaks of the topographic highs, and high ratios towards the edges of the outcrops.
This effect is probably due to the build up of scree and Tertiary Conglomerate on the slopes
of the quartzite ranges, which exhibit different radioelement concentrations. Marked differences
are highlighted in the cover material, particularly in the vicinity of the Hull River where there is
a large area with an anomalously low ratio, possibly related to occasional flooding and sediment
deposition along the river.

A distinctive high ratio rim is visible around the northern edge of the Pottoyu Granite
Complex in Hull and continuing southeastwards into Petermann. This thin rind is up to 500m
wide and indicates that the granite is radiometrically zoned, enriched in thorium at the contact
with the surrounding rocks. A border phase of medium grained granite noted in the field by
Forman and Hancock (1964) (see Chapter 2) probably corresponds with this radiometric feature.
Similar enrichment along the northern edge of the smaller pod of granite to the southeast is also
evident. There is no evidence for a radiometric border phase along the southern edge of the
granite,

Quite distinct southeasterly banding within the granite complex of the Pottoyu Hills parallels
the strong linear magnetic anomalies seen in that region (magnetic zone NL1). This banding
may be due to the abundance of gneissic material in the form of thin bands within the granite
(Forman and Hancock, 1964 p.20)

The Olia Gneiss outcropping to the south of the Granite Complex is generally marked

by distinct highs in the ratio image. Isolated outcrops of photointerpreted Olia Gneiss and

Musgrave-Mann Metamorphics show up more clearly on the ratio image as lows than they do
on any of the individual radiometric channels. The different responses of the Olia Gneiss will
be discussed further in Section 4.4.1.

A large area of low radioactivity correlates with magnetic zone NG2 on the western edge
of Potloyu, which corroborates the interpretation and suggests that there is a definite zone of
different geophysical character in that area.

Overall the TH/K ratio image correlates well with the previously discussed magnetic zones
(see Chapter 3). It also has the effect of removing the north—south striping which is evident in
the individual radiometric channels. The striping is in the same positions in each channel, as is
often the case (Green, 1987), and by dividing one channel by the other the low values defining

the striping are eflectively removed.

4.4.1 Data Analysis

A significant proportion of the outcrop mapped in the study area, particularly on PETERMANN
RANGES is mapped on the basis of photointerpretation. This is because access to most of the
area, particularly the south, is very diflicult and helicopter support could not be organized by
the field party at the time of mapping (Forman pers. comm.). It is with these outcrops that the

radiometric data can be particularly useful as a geological mapping tool.
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By calculating the statistics of the radiometric response produced by the individual rock
types (i.e. mean, standard deviation, distribution) and comparing between known and unknown
lithologies the data can be used to make inferences on rocks that are adequately represented
as outcrop in the area. In order to obtain the radioactive information for individual litholo-
gies each rock type must be digitized, as mapped on the 1:250 000 map sheets, as a polygon.
The radioactive data from within all the polygons representing the same rock type can then
be extracted from the whole gridded data set using a “point-in-polygon” computer algorithm
(Saloman, 1978). Repeating this process for all the rock types mapped in the area will build up
a picture of the radioelement distributions of each lithology, and these can then be compared
with the average radioelement concentrations of unknown or photointerpreted outcrops.

There are a large number of mapped outcrops in the study area, and most of these were
digitized. The airborne spectrometer system receives most of its signal from a finite circular area
below the aircraft, known as the circle of investigation. The radius of this circle is dependent
upon several factors, including air density and radioactive attenuation coeflicients, but the flight
ground clearance is by far the most important parameter (Duval et al., 1971). With a ground
clearance of 100 m the radius of a circle in which 65 % of the radioactive signal originates is
approximately 80 meters (Darnely, 1972). Thus the recorded signal will represent the mean
count rate value over the area covered by that circle. If outcrops are very small they will only
represent a small proportion of this circular area and the recorded signal will not adequately
represent the radioactive properties of the rocks. For this reason some of the small outcrops
marked on the geology map were not included in this analysis. Over 400 individual outcrops
were included, most of which were also used to create the 1:1 000 000 geology map (Chapter 2,
Figure 2.1) which gives an idea of the outcrops used.

The results of this study are presented in Tables 4.2-4.5 and the distributions of selected
lithologies in Figures 4.6-4.8. Some important points have emerged from the analysis of this
data and are discussed below.

Most of the sediments and metasediments which outcrop in the Northern Domain exhibit low
average equivalent concentrations, as expected from their appearance in the radiometric images,
and the distributions are typically smoothly varying unimodal curves (particularly where n, the
number of samples, is large). The total count and thorium histograms generally have the largest
standard deviations and similar shapes, the potassium and uranium channels produce much
tighter distributions.

The younger basement lithologies (Bloods Range Beds and Mount ITarris Basalt) which lie
stratigraphically beneath the Amadeus Basin sequence, have contrasting radioelement concen-
trations. The Mt. Harris Basalt shows relatively high equivalent radioelement concentrations
compared to the overlying sediments. The Bloods Range Beds have concentrations very similar
to the younger sedimentary material. Further subdivision of these two lithologies could not be
made on the basis of their radioelement distributions.

The Mannanana Porphyroblastic Schist, which according to Forman and Hancock (1964) is
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LITHOLOGY MEAN (Ur) | MAX (Ur) | MIN (Ur) | STAND. DEV. | SAMPLES
Ordovician Sst. 6.20 14.68 2.79 1.67 4382
Mt. Currie Conglom. 6.25 10.50 3.25 1.35 668
Winnall Beds 4.94 8.23 2.16 1.23 2344
Inindia Beds - - - - -
Pinyinna Beds 6.65 17.21 0.00 2.14 4862
Dean Quartzite 4.90 47.53 0.00 2.96 45865
Mannanana Porphyry 12.05 28.26 1.09 3.77 11360
Qtz-Feld. Porphyry 10.00 25.58 2.51 4.56 1650
Bloods Range Beds 6.78 19.12 1.48 2.13 7921
Mt. Harris Basalt 8.10 23.47 2.04 2.68 10503
Pottoyu Granite 21.06 75.47 2.42 4.44 72415
Minor Granites 11.33 38.37 0.00 5.48 2250
Olia Gneiss 12.65 63.83 2.17 6.06 31245
Musgrave-Mann Met. 10.55 32.05 3.54 2.63 30662
Table 4.2: Total Count Equivalent Concentrations

LITHOLOGY MEAN (%) | MAX (%) | MIN (%) | STAND. DEV. | SAMPLES
Ordovician Sst. 1.91 3.29 0.24 0.48 4382
Mt. Currie Conglom. 1.06 1.85 0.38 0.22 668
Winnall Beds 0.80 2.22 0.12 0.37 2344
Inindia Beds - - - - -
Pinyinna Beds 1.28 3.78 0.08 0.59 4862
Dean Quartzite 0.77 5.70 0.00 0.59 45865
Mannanana Porphyry 2.82 8.59 0.00 1.03 11360
Qtz-Feld. Porphyry 1.90 4.48 0.16 0.95 1650
Bloods Range Beds 1.30 3.94 0.08 0.54 7921
Mt. Harris Basalt 1.53 6.48 0.15 0.67 10503
Pottoyu Granite 3.94 6.36 0.21 0.58 72415
Minor Granites 2.25 7.64 0.03 1.18 2250
Olia Gneiss 2.78 7.30 0.50 1.02 31245
Musgrave-Mann Met. 3.16 10.04 0.60 0.80 30662

Table 4.3: Potassium Equivalent Concentrations
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LITHOLOGY MEAN (eppm) | MAX (eppm) | MIN (eppm) [ STAND. DEV. | SAMPLES
Ordovician Sst. 0.82 2.34 0.00 0.32 4382
Mt. Currie Conglom. 0.87 1.81 0.00 0.34 668
Winnall Beds 0.76 1.76 0.00 0.28 2344
Inindia Beds - - - - -
Pinyinna Beds 0.78 1.96 0.00 0.27 4862
Dean Quartzite 0.67 5.22 0.00 0.35 45865
Mannanana Porphyry 0.82 3.06 0.00 0.41 11360
Qtz-Feld. Porphyry 1.03 2.96 0.00 0.45 1650
Bloods Range Beds 0.84 2.18 0.00 0.29 7921
Mt. Harris Basalt 0.95 2.74 0.00 0.32 10503
Pottoyu Granite 1.82 5.69 0.00 0.59 72415
Minor Granites 1.04 4.27 0.00 0.57 2250
Olia Gneiss 1.15 7.61 0.00 0.60 31245
Musgrave-Mann Met. 0.64 3.29 0.00 0.33 30662

Table 4.4: Uranium Equivalent Concentrations
LITHOLOGY MEAN (eppm) | MAX (eppm) | MIN (eppm) | STAND. DEV. | SAMPLES
Ordovician Sst. 5.62 20.16 0.86 2.17 4382
Mt. Currie Conglom. 6.40 16.63 3.00 1.97 668
Winnall Beds 4.41 13.00 0.00 1.36 2344
Inindia Beds = . - - -
Pinyinna Beds 6.24 16.67 0.00 2.19 4862
Dean Quartzite 4.99 74.99 0.00 3.93 45865
Mannanana Porphyry 11.12 31.06 0.00 4.02 11360
Qtz-Feld. Porphyry 10.06 32.57 0.74 5.59 1650
Bloods Range Beds 5.84 17.52 0.65 2.02 7921
Mt. Harris Basalt 7.73 31.98 0.00 3.60 10503
Pottoyu Granite 22.60 68.50 1.00 7.20 72415
Minor Granites 11.73 57.07 0.00 7.93 2250
Olia Gneiss 11.46 104.16 0.76 9.43 31245
Musgrave-Mann Met. 6.56 39.41 0.00 3.71 30662

Table 4.5: Thorium Equivalent Concentrations
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derived in part from the Bloods Range Beds, has a considerably higher radioactive concentration
than either the Bloods Range Beds or the Mount Harris Basalt in most of the channels. The Man-
nanana Schist has been mapped on BLOODS RANGE but it is discontinued on PETERMANN
RANGES, where it is mapped as Pottoyu Granite Complex. The radiometric concentrations of
the Mannanana Schist are significantly lower than those of the Pottoyu Granite Complex. This
difference in the radioactive equivalent concentrations and the fact that there is a well defined
zone of increased magnetic activity closely correlated to the mapped Mannanana Porphyroblas-
tic Schist on BLOODS RANGE, and its assumed continuation onto PETERMANN RANGES,
indicates that the Mannanana Schist has significantly different physicochemical properties from
the Pottoyu Granite Complex and should be differentiated from it on the mapped geology. The
two lithologies have been differentiated on the interpretation maps (plates 1-4) at the back of
this thesis.

The Pottoyu Granite Complex stands out in the radioactive images as a dominant area of
high concentrations and analysis of the data confirms that the granite complex has the highest
equivalent radioelement concentrations of all the mapped lithologies. Although the granite is
the most radioactive unit in the study area it has concentrations similar to those of an “average”
granite, and is somewhat lower in uranium content than most granites. The large area of mapped
granite falls into two very distinct magnetic zones, NL1 and NG1 (see Chapter §). The granitic
outcrop was divided into these individual zones to determine if any radioactive concentration
differences exist between the two groups; no significant differences were found.

The Olia Gneiss has relatively high radioactive concentrations in all channels, however the
histograms show that the distributions are complex with at least two distinct populations in
most of the channels (Figure 4.6). This is uncharacteristic of a single lithology which generally
show a smooth, unimodal distribution similar to that illustrated in Figure 4.8.

The mapped Olia Gneiss can be divided into two main groups based on the 1:250 000 geology

maps:

1. those outcrops which have not been visited in the field and have been assigned the lithology

of Olia Gneiss on the basis of airphoto interpretation,

2. those outcrops that have been visited and definitely mapped as Olia Gneiss.

Group 1 occurs mainly in the central section of PETERMANN RANGES, south of the
Pottoyu Granite, where outcrops are widely separated and ground access is extremely diffi-
cult. Group 2 is made up of outcrops further north and into BLOODS RANGE. If individual
distributions are calculated for each of these groups it becomes evident that group 1, the pho-
tointerpreted outcrops, make up the populations with the lower average values (Figure 4.7) that
can be clearly seen in the distributions of all the Olia Gneiss outcrops (Figure 4.6). This infor-
mation suggests that the outcrops mapped as Olia Gneiss are probably two distinct lithologies.

From consideration of the outcrop pattern and the magnetic information it seems likely that
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the majority of group 1 outcrops should be mapped as higher grade Musgrave-Mann Metamor-
phics, which outcrop along the southern edge of PETERMANN RANGES and show a similar

radiometric response in all channels to that of the group 1 Olia Gneiss.

The higher metamorphic grade Musgrave-Mann lithologies have lower average equivalent
radioelement concentrations than the amphibolite grade group 2 Olia Gneiss. This is in agree-
ment with the data collected by Lambert and Heier (1967) whose radioactive measurements on
samples from the granulite and amphibolite facies rocks from the Musgrave Block and the Fraser
Range in Western Australia indicate that the granulite facies is depleted in uranium and thorium
by factors of 5 and 9 respectively relative to the lower grade lithologies. Similar conclusions were
reached by Fahrig et al. (1967) in their study of crystalline surface rocks in the Canadian shield.

The lithological distributions suggested by this radioactive evidence has important implica-
tions on the position of the Woodroffe Thrust (see Chapter 2 Section 2.4) and will be further
discussed in Chapter 6.
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Chapter 5

Northern Magnetic Domain

5.1 Introduction

The Northern Magnetic Domain, as defined in Chapter 3, covers most of the four northerly map
sheets of the survey area (Hull, Bloods Range, Pottoyu and Petermann). The Domain includes
smooth, mottled, linear and broad linear magnetic textural zones. In the context of the regional

structure (see Chapter 2) the Northern Domain can be subdivided into three sections:
1. Amadeus Basin proper,
2. Regional Fold Nappe,

3. Original Basement.

The Amadeus Basin proper and the Petermann fold nappe make up a cover sequence in the north
of the Domain. To the south is a region of original gneissic and granitic basement interpreted
on the basis of mapped lithologies and the magnetic patterns.

This chapter discusses the interpretation of the geophysical data in the context of these
three subdivisions, and includes both the geological significance of the magnetic signatures and
the structural information which has been extracted from the geophysical data. The chapter is
designed to be used in conjunction with the interpretation maps (plates 1-4) which have been
produced by a synthesis of all the available forms of the geophysical data (see Appendix A) as
well as other available geological/geophysical data and literature.

Throughout the chapter symbols in upper case bold (e.g. NS1) refer to magnetic textural
zones as defined in Chapter 3. Symbols in normal type (e.g. G1) are lithomagnetic units referred
to on the interpretation maps. The locations of the magnetic zones referred to in the text are

reproduced on figure 5.1.

5.2 Amadeus Basin Proper

The smooth textural zone NS1 which forms an east-west trending belt across far north Hull and

Bloods Range is the magnetic response of the Amadeus Basin. The edge of the basin is mapped

48
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as the boundary between NS1 and NBL. Outcrop is restricted to two basinlike occurrences
of Winnall Beds, one at Mt. Cowle and another further west. The ma jority of the zone is
dominated by sand dunes.

An increasing thickness of nonmagnetic Winnall and Inindia Beds make up the zone, thick-
ness increasing to the north (Young and Shelley, 1977). The area covered in this study is not large
enough to define the low frequency anomalies originating from magnetic basement underlying
the Amadeus Basin.

Processed versions of the magnetic data show several low amplitude linear magnetic anoma-
lies with depths to source of the order of 150 metres. The origin of these anomalies is assumed
to be from lenses of increased magnetic mineral content within the nonmagnetic sediments. The
zone is generally lacking in high frequency anomalies so it is not possible to resolve a large

amount of structural detail from the magnetic data covering the area.

5.3 Petermann Fold Nappe

The Petermann fold nappe dominates the northern section of the study area and is covered by
the Hull and Bloods Range sheets. It is characterized by variable magnetic activity mainly of
smooth and mottled zones, NS2, NS3, NMo1l, NMo2, NMo3.

The lithologies within the fold nappe include Dean Quartzite and Pinyinna Beds, as well as
the underlying metavolcanics and metasediments of the younger basement and also Olia Gneiss.
The discussion of this area will be treated in three main parts covering the sediments, the

younger basement and the older basement core of the regional fold.

Sediments

The smooth magnetic response of nonmagnetic sediments is a dominant feature of the Northern
Magnetic Domain and can be separated into zones NS2 and NS3.

Zone NS2 is an east—west trending band across northern Hull and Bloods Range. The main
lithologies contained within the zone are Dean Quartzite and Pinyinna Beds. The zone is of
variable width, thickest on its western side. Magnetic interpretation confirms a large scale
fold pair on the eastern boundary of the area which has been previously inferred from the
outcrop pattern of Dean Quartzite (Forman and Hancock, 1964 Figure 19). Several previously
unrecognized north-northwest trending strike-slip faults cut the zone towards the east, and will
be discussed in further detail in Section 5.6.

NS3 lies in central Hull and thins southeast across Petermann. The zone correlates closely
with the mapped outcrop of Dean Quartzite and Pinyinna Beds. Magnetic susceptibilities
measured from hand samples in the B.M.R. rock collection in Canberra (using a Geoinstruments
JH-8 Susceptibility meter) are consistent with the low to nonmagnetic nature of the smooth

textural zones (see Table 5.1).
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A prominent high amplitude curvilinear anomaly, 40 kilometres long, occurs within NS3
in south central Hull in an area of no outcrop. Modeling this two dimensional horizon yields
a moderate to steep northerly dipping sheetlike body with a susceptibility in the range 0.02-
0.105 S.I. units, and a depth to the top of between 50-460 metres. Modeled dips of the horizon
are in close agreement with the measured dips on nearby Dean Quartzite outcrops, suggesting
that the magnetic horizon is stratabound and that remanence is not a significant component of
the magnetization. The magnetic horizon is placed stratigraphically near the contact between
the Dean Quartzite and Pinyinna Beds, and the most likely source for the anomaly is the
hematite-goethite schist (unit 2) within the Pinyinna Beds (see Chapter 2). The Kay Valley
gossan, iron-rich cappings reported by Wilson (1966), possibly represent the weathered surface
expression of the magnetic horizon. The horizon is cut in several places by strike-slip faults and
at least one obvious dip-slip fault. Modeling either side of the dip-slip fault indicates that a
sheetlike body of very similar parameters (except depth to top) will closely match the observed
anomaly. The throw of the fault has been modeled as about 400 metres downthrown on the
western side, see Figure 5.2.

The modeled profiles in this thesis are presented as two-page figures. The left hand page
shows a total magnetic field image to illustrate the position of the profile and the magnetic
distributions in the neighbourhood of the profile. Also on the left hand page is a tabular list
of the body specifications of the model. The right hand page shows the modeled (dashed) and
observed profile in cross section. The profile positions are also marked on the interpretation

plates.

Zone INS3 thins considerably to the southeast where some small amplitude anomalies in the
zone have their source within the sedimentary units.

Zone NS4 on the western edge of northern Pottoyu is a small triangular shaped smooth
textural zone over mapped Dean Quartzite and Bloods Range Beds. The zone is the continuation
of NS3 which has been folded around in a large structure mapped on SCOTT in Western
Australia.

A prominent broad linear zone NBL forms an east—west trending belt stretching across
northern Hull and Bloods Range. The zone is north of the Bloods Range and is predominantly
in an area of no outcrop, although one small outcrop of Winnall Beds lies within the zone. The
anomalies making up NBL are high amplitude, complex multiple source features.

The zone consists of a number of anastomosing continuous magnetic highs, cut in several
places by north-northeast trending faults which continue through NS2. Modeled source depths
are of the order of 150-200 metres with a dip trend steeply to the south in the centre of the
zone but trending northerly towards the southern and northern edges of the zome. Figure 5.3

shows modeled sections through the zone along flight lines 1411 and 1641 in Hull.

The anastomosing nature of the anomalies suggests that there is complex structure and

folding of the sources towards the eastern and western edges of the study area. Poor resolution



Body | Depth (m) | Strike | Suscep.(S.1.) | Dip | Depth Extent | Width
1 461 90 0.052 105 1200 291
Body Specifications, Hull 1312
525000mE
7260000mN
7240000 ==
505000mE
1:250 000
Body | Depth (m) [ Strike | Suscep.(S.1.) | Dip | Depth Extent | Width
1 51 90 0.054 95 1119 243

Body Specifications, Hull 1451
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Body | Depth (m) | Strike | Suscep.(S.1.) | Dip | Depth Extent | Width
1 338 90 0.108 50 1839 153
2 209 90 0.070 50 471 251
3 il 90 0.067 50 171 54
4 135 90 0.028 50 00 48
5 157 90 0.071 50 328 107
6 43 90 0.004 102 5000 77
7 34 90 0.018 124 5000 90
8 155 90 0.012 100 507 143
9 107 90 -0.013 45 9126 111
Body Specifications, Hull 1411
535000mE
7290400mN
7270000
515000mE
1:250 000
Body | Depth (m) | Strike | Suscep.(S.1.) | Dip | Depth Extent | Width
1 216 90 0.077 50 277 263
2 119 90 0.006 50 00 317
3 107 90 0.006 50 (%) 280
4 189 90 0.041 50 596 303
5 225 90 0.052 50 691 279
6 138 90 0.007 92 340 322
7 200 90 0.025 50 2000 100
8 200 90 0.013 50 2000 100

Body Specifications, Hull 1641
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ROCK TYPE MEAN SUSCEP. | MODE | RANGE | STD. DEV. | N
Ordovician Sst. 130 0 0-2000 384 33
Mt. Currie Conglom. - - - - -
Winnall Beds 5 0 0-150 22 5
Pinyinna Beds 0 0-10 6 20
Dean Quartzite 37 0 0-800 166 23
Minor Granites 75 - 10-150 73 4
Pottoyu Granite 256 0 0-2000 601 34
Porphyroblastic Schist 761 20 0-5000 1541 31
Q-F Porphyry 1008 - 15-2000 1404 2
Bloods Range Beds 13 5 0-30 8 16
Mt. Harris Basalt 5 - 0-10 5 3
Olia Gneiss 560 1000 0-3500 1111 10
M-M Metamorphics 738 1100 10-5000 864 50

53

Table 5.1: Measured Magnetic Susceptibilities (S.I. units x10%) Measured from the B.M.R. rock
collection by A.M.Lewis.

due to the depth of the sources means that as magnetic units converge their individual responses
merge into one anomaly.

The stratigraphic position of the magnetic unit within the regional recumbent fold places it
close to where Pinyinna Beds are folded around and become near vertical. If this is the case
then it is probable that the source of the broad linear anomalies is the same magnetic hematite-
goethite schist unit attributed to the source of the prominent curvilinear magnetic anomaly
within NS3 discussed above. Where noted in NS3 the horizon was a relatively thin well defined
single horizon; in NBL there are a number of separate horizons.

Another possible source could be the chert unit within the Inindia Beds which, if enriched
in magnetic iron bearing minerals, could produce such an anomaly pattern. The magnetic
layering would need to be relatively steeply dipping as indicated in the magnetic models, unless
remanence contributes a significant amount to the overall magnetization of the unit. Without

further evidence it is difficult to attach a definite geological source to the zone.

Younger Basement Core

Much of the basement core of the regional fold is occupied by the younger basement metased-
iments and metavolcanics (see Figure 2.2 in Chapter 2). The magnetic expression of these
lithologies is variable. The majorily of the outcropping Bloods Range Beds within the younger

basement are nonmagnetic quartzites, and a significant amount of outcrop is mapped in the
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smooth textural zone NS2. Consequently these nonmagnetic units of the Bloods Range Beds
cannot be distinguished from the nonmagnetic overlying sediments. In contrast to the smooth
zones, most of the younger basement outcrop lies within NMol, a mottled magnetic zone with
distinct boundaries visible on the processed versions of the magnetic data.

Bloods Range Beds outcropping in the south of NMo1l near the Hull/Bloods Range bound-
ary are associated with magnetic anomalies in places, although most appear weakly magnetic, as
suggested by the measured average susceptibility. Limited magnetic susceptibility measurements
(Table 5.1) on the Mt. Harris Basalt do not indicate that the unit has a significant magnetic
susceptibility. Since the aecromagnetic data clearly shows that there are quite strongly magnetic
lithologies in the vicinity of mapped Mt. Harris Basalt it is considered that the measured suscep-
tibility samples are a biased representation of the unit, with most samples coming from the basal
quartzite of the Mt. Harris Basalt which would be expected to be only weakly magnetic. The
main magnetic rock type within the Mt. Harris Basalt is interpreted to be the upper basaltic
unit.

The Mt. Harris Basalt has not been subdivided into the quartzite and basalt members on the
available geological maps but the distinction has been made between two lithomagnetic units
on the magnetic interpretation maps (V1 and V2, see Plates 1 and 2). V1 is manifested as the
areas within NMol showing moderate amplitude magnetic anomalies attributed to the basalts.
V2 is interpreted in the weakly magnetic areas as the basal quartzite and probably includes a
significant proportion of the nonmagnetic units of the Bloods Range Beds.

The distribution of these lithomagnetic divisions can be used to make inferences on basement
structure. Since the younger basement occurs in the overturned limb of the regional recumbent
fold, areas of nonmagnetic V2 (basal quartzite) can be interpreted as basement lows and areas
of magnetic V1 (basalt) as basement highs.

The quartz-feldspar porphyry situated near the top of the Mt. Harris Basalt (Wilson,1966)
makes a prominent magnetic horizon along the southern boundary of NMol on eastern Hull
and western Bloods Range. The anomaly is marked in the interpretation maps as lithomagnetic
unit P. The horizon can be modeled as a shallow northerly dipping sheetlike body (see body 2
in Figure 5.4). Further to the east the horizon is abruptly truncated against the magnetic zone
boundary. The quartz-feldspar porphyry outcropping at the northern boundary of the zone does
not produce such a marked magnetic anomaly and is probably a different lithological variant of
the magnetic porphyry.

The prominent anomaly group within NMo1l on the western edge of Hull is caused by the
magnetic V1 units of the Mt. Harris Basalt below nonmagnetic cover. The southern edge of
this anomaly group can be seen in the northwest of the image in Figure 5.2. Modeled dips are
consistently southerly, except along the southern edge of the anomaly group where they change
to northerly, indicating the presence of a possible synformal structure. This group of anomalies

has been discussed by Woyzbun (1968) and was attributed to uplift of the magnetic basement.
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The depth estimates of these anomalies made by Woyzbun (1968) at 750 m (2500 feet) would
appear to be too deep from the work done here, which suggests a depth of the order of 250
metres.

Also grouped within the younger basement is the Mannanana Porphyroblastic Schist. A
distinct zone of mottled magnetic texture NMo3 is closely associated with the mapped arcuate
outcrop of the Schist in southern Hull. Measured magnetic susceptibilities indicate that the
Schist is considerably more magnetic than the surrounding lithologies in agreement with the
observed magnetic patterns.

NMo3 stretches southeasterly into Pottoyu and also has isolated occurrences in Petermann.
All occurrences of this magnetic zone are interpreted as the magnetic response of the Mannanana
Porphyroblastic Schist, even though lithologies which fall within the zone are mapped as Pottoyu
Granite Complex on PETERMANN RANGES (as noted in Chapter 4). The northern boundary
of NMo3 is transitional, suggesting that it is dipping northwards beneath an increasing thickness

of nonmagnetic sediments.

Older Basement Core

A large mottled zone, NMo2, in southern Bloods Range and northern Petermann continues over
the eastern edge of the study area to form a well defined triangular zone of increased magnetic
activity. Within this zone outcrop is limited, but older basement Olia Gneiss is most common,
together with some minor Mt. Harris Basalt, Dean Quartzite and overlying Ordovician Stairway
Sandstone.

The southern boundary of the zone is sharply defined against NS3, the northern boundary
has a sharp edge but becomes more diffuse towards the south, suggesting that the contact has
a regional southerly dip. Several linear horizons within NMo1l have been truncated against the
northern boundary. A distinct linear sloping regional trend is a characteristic of the zone with
a magnitude of approximately 10 nT/kilometre, increasing to the east.

The entire zone is interpreted as the older basement Olia Gneiss core of the regional recum-
bent fold. Both the younger and older basement sections of the core area of the regional fold
correlate with the Bloods Range Gravity High (see Figure 6.1 in Chapter 6). The minor occur-
rences of Dean Quartzite within this area are likely to have been downfolded from the upper
limb of the regional fold. If the outcrops were the result of upfolding from below, a significant
nonmagnetic zone would be expected in association with the outcrops. Since no such zone is
present the Quartzite is interpreted as the root zone of a synform, the upper part of which has
been eroded.

The amphibolite facies Olia Gneiss has been postulated as having two distinct and separate

modes of formation by Forman and Hancock (1964):

o The result of granitization and metamorphism of Mt. Harris Basalt and Bloods Range
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Beds.

e Original gneissic basement unrelated to Mt. Harris Basalt and the younger basement.

The magnetic data also indicates that the Olia Gneiss can be divided into two lithomagnetic
units. The different magnetic responses of the two units are considered to be caused primarily
by their differences in origin, although differences in their later deformation history must also
contribute in part to their magnetic character. The magnetic evidence can be used to subdivide
the gneiss into two lithomagnetic groups, AM and AB. Unit AM is interpreted as Olia Gneiss
that is the result of metamorphism and granitization of younger rocks, AB is considered to be
original gneissic basement.

The gneiss within NMo2 is classed as lithomagnetic unit AM due to its similar magnetic re-
sponse to the younger basement and its close association (in outcrop) with the younger basement
(see the interpretation maps where the distinction has been made between the two lithomag-
netic variants). AB type Olia Gneiss is interpreted further south and is discussed in more detail

below.

Granites within the Fold Nappe

The granites which outcrop within the fold nappe have variable magnetic characteristics. As
well as outcropping granites, several anomaly groups in NMo1l have been interpreted as granitic
bodies though no geological evidence exists.

The granites within the fold nappe can be subdivided into two lithomagnetic groups. The
first, G1, are generally equidimensional in shape and have significant magnetic anomalies or
groups of anomalies associated with them. The second, G2, are generally elongate or sheetlike
in form and weakly magnetic. Where outcropping, all the granites are correlated with radioactive
highs.

The G1 magnetic granites outcrop just south of the Bloods Range, near the eastern boundary
of Hull. The associated magnetic anomalies are complex and more extensive than the mapped
outcrop suggests. Another example of this class of granite has been interpreted in central Hull
near the Hull River within NMo1. This anomaly group has no associated outcrop.

The weakly magnetic granites (G2) occur as elongate outcrops near the southern boundary
of the fold nappe complex within NS3 on eastern Hull, continuing into Petermann. Small
amplitude magnetic anomalies are associated with some of these granites, and are discernable
in the nonmagnetic background of NS3. Modeling indicates a northerly dip for these sheetlike
granites.

It seems likely, both from the weak magnetic character and stratigraphic position, that the G2
granites are related to the Pottoyu Granite Complex, which is in general also weakly magnetic.
The magnetic G1 granites, which occur in the core area of the fold nappe appear to be unrelated

to the Pottoyu Granite Complex due to their different form, contrasting magnetic character and
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different stratigraphic position. Since the G1 granites appear to belong to a diflerent suite than
the Pottoyu Granite Complex and some outcrops show intrusive contacts they are perhaps the
result of local melting and intrusion into younger basement lithologies during the Petermann

Ranges Orogeny.

5.4 Original Basement

Immediately south of the zones discussed above is a large area of contrasting geophysical and
geological character. This area is interpreted as a window of original autocthonous basement
situated between the metasediments and metavolcanics of the fold nappe cover sequence and
the overthrust higher grade granulite basement to the south (see Chapter 6). This original
basement covers most of Pottoyu and Petermann and is dominated by the Pottoyu Granite
Complex and Olia Gneiss lithologies. The area includes several magnetic textural zones ranging
through granular, mottled and linear. The magnetic patterns and geological evidence in NL1
suggest that large scale basement shearing may dominate much of the structure in this area,
and relative ages can be assigned to the lithomagnetic units according to their development in

relationship to this proposed shearing.

5.4.1 Basement Shearing

Evidence for recrystallization and shearing within the Olia Gneiss from the Pottoyu Hills in
NL1 has been noted by Forman and Hancock (1964) (see Chapter 2). However the scale of
the sheared zone was not evident from the ground based geological data, which was necessarily
collected from isolated outcrops. The magnetic data gives a much broader and complete picture
of the extent of the postulated shearing. The interpreted shear belt stretches as a curvilinear
feature trending roughly east—west across the entire width of the study area. It is manifested
as the linear magnetic zone NL1, characterized by elongate anomalies, individual examples of
which can be traced for up to forty kilometres. Such linear magnetic patterns can be produced
by banding and intercalations of thin magnetic horizons without shearing, but the available
evidence suggests that basement shearing is involved in this case. The proposed shear zone in
NL1 is possibly caused by deep seated east—-west trending left-lateral transcurrent faulting in
the basement rocks.

Large scale Precambrian basement shear belts are not uncommon in the geological record.
A similar shear has been postulated, on the basis of aeromagnetic evidence, in the Musgrave
Block of South Australia by Shelley and Downie (1971) between Mt. Harcus and Mt. Tietkens
(on MANN in South Australia). This zone is characterized by strong positive and negative
magnetic lineations which extend for up to 32 kilometres. It would appear that this zone is not
related to a continuation of the feature in the Petermann area. Other large scale shear zones have

been mapped in the Harts Range to the northeast of the study area (James and Ding, 1988).
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Two spatially separated shears, the Florence and Leaky Shear Zones are each approximately 20
kilometres long and 2 kilometres wide, however it is considered by James and Ding (1988) that
the two shears represent the remnants of a single much larger zone, up to 60 kilometres long.

The postulated shear zone in the study area affects the Olia Gneiss and a large section of the
Pottoyu Granite, mainly the granite in Petermann. The contact between these two rock types on
Petermann can be discerned on stereo air photographs as a topographic feature. Only a subtle
difference exists between the two rock types on the magnetic data and the contact appears
gradational. The Olia Gneiss is associated with larger amplitude, better defined anomalies
and is interpreted as original gneissic basement (lithomagnetic unit AB). The Pottoyu Granite
Complex exhibits lower amplitude magnetic anomalies.

Both measured dips from the geology and calculated dips from two dimensional modeling are
variable, but profiles from within NL1 indicate that the majority of anomalies can be modeled
with southerly dipping sheets within 100 to 150 metres from the surface (see Figures 5.5). There
are several large amplitude (700-1600 nT) single line anomalies which are prominent within the
zone. Most of these anomalies can be modeled as strongly magnetized near surface strike limited

southerly dipping sheets which are conformable with their neighbouring anomalies.

Near the southern boundary of NL1 in Petermann several horizons are truncated, suggesting
evidence for individual shear planes within the belt. Northwest trending isoclinal folding is also
evident in this area. A number of northeasterly trending faults have been interpreted within the
zone in Petermann

East-west trending linear features are clearly defined, both from the magnetic data and aerial
photographs within the Pottoyu Granite Complex in southeastern Petermann. These have been
interpreted as a swarm of dykes which were emplaced after the main shearing event since they
appear unaffected by the shearing. Differential weathering of the softer dyke lithologies within
the more indurate granites may have produced these prominent airphoto features.

The Pottoyu Granite Complex has been described as a variable granite (Forman and Han-
cock, 1964) which is in part gneissic. However on the geological maps the granite is not differen-
tiated into its different lithological variants. The granite complex which lies within the sheared
zone (NL1) is perhaps better described as a gneissic granite on the basis of the magnetic evidence
and the geological description and has been identified as such on the interpretation maps.

South of NL1 is an indistinct triangular shaped zone of mottled magnetic texture, NMo4.
In the northern section of the zone the magnetic trend directions are parallel to those within
NL1. As the distance from the contact with NL1 increases so the magnetic trends tend to
diverge from the strong southeasterly direction so typical of the shear belt. Towards the southern
boundary of NMo4 is a well defined thin magnetic horizon which is clearly complexly folded
into a number of fold structures. Modeling on this horizon suggests bodies similar to those found
within NL1. A prominent single line magnetic anomaly in central NMo4 also resembles tle

single line anomalies in the sheared zone.



Body | Depth (m) | Strike | Suscep.(S.1.) | Dip | Depth Extent | Width
1 6 110 0.114 34 145 36
2 93 110 0.119 49 127 77
3 155 110 0.209 31 90 35
4 14 110 0.037 24 138 30
5 158 110 0.099 48 193 43
6 125 110 0.146 20 532 40
7 123 110 0.086 30 52 20
8 40 110 0.014 61 1011 44
9 18 110 0.008 69 215 22
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Body | Depth (m) | Strike | Suscep.(S.I) [ Dip | Depth Extent | Width
1 138 110 0.132 33 903 57
2 139 110 0.050 21 127 63
3 199 110 0.250 79 396 37
4 93 110 0.055 51 280 44
5 100 110 0.078 62 130 46
6 126 110 0.142 49 304 59
7 79 110 0.074 32 199 50
8 104 110 0.030 57 oo 32
9 77 110 0.027 32 2201 53
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This evidence suggests that zone NMo4 is a remnant of the original basement at the edge
of the shear belt which has been unaffected by the shearing. If this is indeed the case then it
indicates that folding had taken place within the original basement along northeasterly axial
trends prior to the shearing. Unfortunately there is only very limited outcrop within the zone

and no ground observations on those outcrops to confirm this hypothesis.

5.4.2 Late Stage Granites

The granular textural zone NG1 in southern Hull and northern Pottoyu correlates closely with
mapped outcrop of Pottoyu Granite Complex. The zone shows no evidence for the distinct
long linear magnetic horizons found within the sheared gneissic granite section of the Granite
Complex further east in Petermann, although NG1 directly adjoins the latter zone.

It is proposed that the granite corresponding to zone NG1 is a later stage intrusion than
the sheared NL1 granite, and was emplaced after the shearing event. The emplacement of
this granite may have been controlled by crustal weaknesses resulting from the shear. The
southern boundary of NG1 is a distinct linear magnetic low, best seen in processed versions
of the magnetic data (Appendix A). The northern boundary has, in places, large amplitude
anomalies (e.g. in southern Hull) suggesting the granite is of an intrusive nature, emplaced into
relatively cooler country rocks at a high crustal level; the notable large amplitude anomalies
perhaps produced by contact metamorphism.

The easternmost boundary is a distinct linear magnetic feature which separates the sheared
(NL1) and unsheared (NG1) members of the Pottoyu Granite Complex. Several weak south-
easterly trending linear magnetic features have been interpreted as dykes within the late stage
granite intrusion.

On the western edge of southern Pottoyu and continuing into Cockburn is a distinct semi-
circular granular magnetic zone NG2, with a smooth zone NS5 on its northern boundary.
Both these zones fall within the area of the Cobb Gravity Depression (Lonsdale and Flavelle,
1968) (see Figure 6.1 in Chapter 6). The Cobb Depression is an elongate gravity low which
begins within the study area and stretches several hundred kilometres northwest across Western
Australia. In the study area the Depression is a 35-40 mGal gravity low.

The source of the Cobb Gravity anomaly has been attributed to a Permian basin filled with
sediments of glacial origin (Lonsdale and Flavelle, 1968; Daniels, 1974). This hypothesis is
based on outcrop and borehole evidence (Farbridge, 1967) from Western Australia. Drillhole
D59 intersected at least 120 metres (400 feet) of sediments in the Cobb Depression approximately
50 kilometres southeast of the Giles Meteorological station.

It seems likely that the smooth magnetic zone NS5 which lies in the northern section of
the Cobb Depression is the magnetic response of a shallow basin filled with these Permian
sediments, which deepens towards the east. The majority of the Cobb Depression in the study

area is dominated by the granular zone NG2, which is not the typical magnetic expression
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of a sedimentary basin. ING2 is interpreted as a weakly magnetic granitoid which has been
emplaced after the shearing event. This interpretation is confirmed by drillhole D58 (Farbridge,
1967) which encountered weathered acidic gneiss at a shallow depth. The granite is possibly
related to the granite on the northern side of the shear zone (NG1 discussed above). Linear
trends within NG2 have similar southeasterly orientation to those within NG1, and have been
similarly interpreted as dykes within the granite. A series of strong anomalies near the northern
boundary of NG2 correlate with mapped outcrops of Olia Gneiss. These outcrops are considered
to be large scale xenoliths or roof pendants of original gneissic basement within the granitoid,
the remnants of the sheared basement through which the granite intruded.

Though no surface evidence for the granite is available, either in the Northern Territory or
Western Australia, the interpretation is corroborated by the radiometric data. On the total
count and potassium channel images (see Chapter 4, Figures 4.1 and 4.2) a zone of higher
radioactivity is evident in the area of the interpreted granite. This would be expected from a
subcropping granite with a cover derived in part from residual material from the granite, since
granites are typically more radioactive than other lithologies in the study area (see Tables 4.1
and 4.2-4.5, Chapter 4).

If standard densities for granites (2.65 g cm~3), sediments (2.63 gcm™3) and amphibolite
country rock (2.7 gem™2) are used in a 2% dimensional gravity model the granite must extend
to a depth of the order of 20-25 kilometres to produce an anomaly of the magnitude of the Cobb
Depression within the study area.

To confirm the interpretation of this subcropping granite, the outcrops in the area should be
examined carefully and some suitably placed drillholes would be useful. Good quality semide-
tailed aeromagnetic data from the Western Australian section of the Cobb Gravity Depression

would also be helpful.

5.5 Folding within the Northern Domain

Folding discernable from aeromagnetic interpretation is not abundant within the Northern Do-
main. In order to interpret folded horizons they must produce magnetic anomalies which register
on several flight lines (each flight line being 500 metres apart). This means that folding must
be quite large scale. The sense of folding (synform, antiform) can be determined by modeling
the anomalies in each limb of the interpreted fold for dips, though this cannot always be done
successfully. Hence large scale (kilometre or larger) plunging folds within magnetic rocks can
be located. Much of the Northern Domain is covered by nonmagnetic sediments which pre-
clude the location of many folds using aeromagnetics which are possibly clearly visible in aerial
photographs or in outcrop within the sediments.

This survey confirms the regional scale antiform-synform pair which had been previously
interpreted from the outcrop pattern on northeastern Bloods Range. This prominent fold pair,

at the edge of the Amadeus Basin, has an east—west trending axis and clearly folds the magnetic
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zones, NBL, NS2 and NMol.

A previously unrecognized regional scale fold is interpreted within the basement core (NMo2)
in southern Bloods Range and northern Petermann and is clearly discernable on the local con-
trast stretched version of the total field magnetics. (see Figure A.5 in Appendix A). The fold
has a north-northwest trending axial plane and closes to the south. The eastern limb dips to
the west; dips on the western limb could not be determined due to the poor definition of the
anomalies in that area. The consistent westerly dips for the eastern limb suggest that the fold
is a synform. The magnetic trends in the fold structure agree closely with the gneissosity trends
on the geological map, however lack of outcrop in the nose of the fold prevented the structure
from being defined from the ground based data.

Variable calculated dips from the western end of NBL (northern Hull and Bloods Range)
suggest complex structure, possibly marked by upright folding within the zone. Individual folds
can not be defined due to the difficulty of delineating upright folds at depth from aeromagnetic
data where an anticline can produce a similar magnetic response to a single dipping horizon.
Another upright synform is postulated within NMol in the anomaly group at the far western
edge of Hull where modeled dips show marked changes from south to north.

Folding within the original basement is more easily distinguishable due to the higher magnetic
activity of the lithologies. A number of tight to isoclinal folds have been delineated in NL1,
particularly near the southern boundary of the zone. The axes trend northwest. It is probable
that some of the elongate horizons within that zone are isoclinaly folded, but the fold closures
are not resolved.

Folding in NMo4 in the form of several open, easterly plunging synforms on a single well
defined magnetic horizon suggest that the original Olia Gneissic basement had undergone folding

prior to the shearing event.

5.6 Faulting within the Northern Domain

Only occasionally are faults directly observable as aeromagnetic anomalies. Magnetic lows can
develop within fault zones due to near surface martitization and hydration of magnetite in the
zones, mainly due to the presence of water (Henkel and Guzman, 1977). Magnetic highs are also
noted associated with faults, perhaps as the result of fluid movement from depth precipitating
magnetic minerals, as is the case with the Mann Fault, which is discussed in more detail in
Chapter 6. Where anomalies are the direct result of faulting they have been marked on the
interpretation maps with the symbol F. More commonly faults can be defined by the align-
ment of magnetic highs, lows or gradients into linear features (Parker Gay, 1972, 1973) or by
displacements of magnetic horizons.

Faults are common in the Northern Domain. Within the cover sequence fold nappe they
trend predominantly northerly. Several large, well defined strike-slip faults cut zone NBL,
NS1 and NS2 and continue into NMo2 in northern Bloods Range. These faults displace both
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magnetic horizons and zone boundaries with approximately 1 kilometre of movement, suggesting
that they developed after the regional fold structure.

A series of en echelon, predominantly left lateral strike-slip faults are prominent within
NMol in western Hull. Displacements on these faults are of the order of several kilometres.
A similar series of faults has been mapped in the nonmagnetic Dean Quartzite outcrops within
NS2 on BLOODS RANGE just north of the interpreted faults, confirming that the features
continue into the nonmagnetic areas.

The northern boundary of NMo2 in central Bloods Range is marked by a complex system
of cross cutting interpreted faults with evidence that a series of northwest trending faults have
been displaced by a later developed system of northeast trending strike-slip faults.

Another group of northeast trending strike-slip faults displaces the eastern limb of the re-
gional scale fold in NMo2 in southeastern Bloods Range and northeastern Petermann which has
been discussed in Section 5.5. It is probable that these features are of the same system as those
with similar trends noted further north in the zone, and may be related to the development of
the large scale fold which dominates the mottled zone.

Faulting within the original basement is restricted to short (2-4 km) northeast trending
features within zone NL1 and some southeasterly faults in the south of the zone. The well
defined curvilinear feature which separates the two types of granitic lithomagnetic units (zones
NG1 and NL1 within the area of original basement on northern Pottoyu) may be a deep seated

bounding fault which has acted to control the emplacement of the younger NG1 granite.



Chapter 6

Southern Magnetic Domain

6.1 Introduction

The Southern Magnetic Domain covers most of the southern two map sheets (Cockburn and
Duffield). The magnetic activity in the Domain is much higher than that of the Northern
Domain, and reflects the near surface high grade metamorphic rocks which make up much of
the southern area. Large zones of muricate magnetic textures are interpreted within the Domain,
as well as a number of circular/elliptical features and less magnetically active zones.

The magnetic response in the Southern Domain is complex, and the available geological
control is severely limited by lack of outcrop. These two factors make the interpretation of the
data a difficult problem and in the absence of any well defined regional structural picture the
Southern Domain will be discussed in terms of the interpreted lithomagnetic units. Two major

lithomagnetic units have been identified in the Domain:

1. Strongly Magnetic Basement Complex (B1),

2. Moderately Magnetic Basement Complex (B2).

Further areas of weakly magnetic lithologies are delineated as well as a number of circular
and elliptical features.

This chapter is designed to be used in conjunction with the interpretation maps (plates 5
and 6 at the back of this thesis).

6.2 The Domain Boundary

The boundary between the Northern and Southern Magnetic Domain is a prominent geophysical
feature. In the magnetic data it is manifested as a high amplitude magnetic anomaly along part
of its length, which decreases in amplitude to the west and eastern edges of the study area,
where it becomes a contact between high magunetic relief to the south and lower relief to the

north.
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The Southern Domain is also marked by prominent regional anomalies in both the radiomet-
ric and gravity data. The radiometrics show a general lowering of the radioactivity level over the
Southern Domain (see Chapter 4, Figures 4.1-4.3). This is consistent with both the decrease
in amount of outcrop and the expected decrease in radioelement concentrations in lithologies of
higher metamorphic grade (Lambert and Heier, 1967). The gravity data exhibits a large high,
the Blackstone Gravity Plateau (Lonsdale and Flavelle, 1968), which correlates closely with the
Southern Magnetic Domain (see Figure 6.1). A steep gravity gradient is centred on the Domain
boundary, although the exact form and position of the gradient is difficult to define due to the
wide gravity station spacings. All of these geophysical features tend to confirm that the South-
ern Magnetic Domain is the higher density, higher metamorphic grade granulite terrain within
the Musgrave Block which is separated from the lower grade amphibolite facies gneisses by the
Woodroffe Thrust. Smith (1979) notes that the mylonites of the Woodroffe Thrust in South
Australia have no distinct magnetic signature, but the Woodroffe Thrust appears to separate a
zone of lower magnetic relief to the north from higher relief to the south. The magnetic data
analysed in this project confirms that the Woodroffe Thrust has a similar magnetic expression
in the Northern Territory, although it is associated with a magnetic high of 300-550 nT along

some of its length.

Attempts to model the magnetic and gravity data across the Domain boundary as simple
geological contacts were not successful. The gravity stations are widely spaced (11 kilometre
grid) which makes it difficult to model near surface features. Mathur (1976) considered the
gravity field in this part of central Australia to be strongly influenced by deep crustal/mantle
sources. The gravity data available to the author was obtained from digitizing and gridding
1:250 000 scale gravity maps obtained from the N.T.G.S. and detailed modeling was felt to be
inappropriate due to the nature of the data. A closely spaced gravity profile across the magnetic
Domain boundary would better define the details and form of the large gravity gradient in that
area. Such a profile would yield much useful information on the nature of the geological contact
by accurately locating the position of the contact, defined from the magnetic data, relative to
the gravity gradient and so yield accurate information on the dip of the contact. Modeled dips
on individual magnetic anomalies in the area of the Domain boundary are variable, as may be
expected in the highly deformed zone associated with a near horizontal thrust fault.

On the western edge of the study area the Woodroffe Thrust follows the southern boundary
of the interpreted NG2 granite and crosses into Western Australia. The Thrust has not been
recognized in geological mapping in Western Australia, although a poorly defined structural dis-
continuity has been postulated in the area (Horwitz et al., 1967; Daniels, 1972; Daniels, 1974).
This structure, known as the Giles Discontinuity, has been proposed to explain the contrasting
metamorphic and structural character seen on either side of a northeasterly linear trend approx-
imately 40 kilometres west of the Western Australian border. Daniels (1974) considered that

this feature is a transcurrent fault which continues northward beneath the Cobb Depression and
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Figure 6.1: Regional Gravity Field in the Study Area
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joins a bounding fault northwest of the Dean Range. Unfortunately it is covered along most of
its length by an extensive sheet of calcrete. The bounding fault in the Dean Ranges on SCOTT
does not show marked structural or metamorphic differences on either side.

The information revealed in the geophysical data in this study suggests as an alternative
explanation that the Giles Discontinuity is the possible continuation of the Woodroffe Thrust
into Western Australia. This implies that the Discontinuity does not trend northwards beneath
the Cobb Depression, but swings to the east along the southern edge of the Depression. Further
evidence is required to confirm this interpretation, and a semidetailed aeromagnetic survey would
probably be the most useful information to help solve the problem, together with careful study
of the metamorphic grade and structural conditions on either side of the discontinuity.

To the east of the study area the Woodroffe Thrust enters a region of very complex magnetic

character and is discussed in more detail below (see section 6.5).

6.3 Strongly Magnetic Basement Complex

The Southern Domain can be subdivided into two lithomagnetic units, a strongly magnetic base-
ment complex and a moderately magnetic complex. The strongly magnetic basement complex is
characterized by large amplitude magnetic anomalies and complex magnetic patterns restricted
to the muricate magnetic textural zones and has been marked on the interpretation maps as
lithomagnetic unit B1. The high magnetic activity of the strongly magnetic basement complex
suggests that this unit may be predominantly mafic granulite basement. Mafic granulites have
been noted by Collerson et al. (1972) to make up to 9% of the granulite rocks in parts of the
Musgrave Block in S.A.

The most distinct zone is SMu2 in central Duffield (see figure 6.2). This zone forms an
envelope around a number of apparently isolated outcrops which have been interpreted on the
geological maps as Olia Gneiss, but re-interpreted in this work as Musgrave-Mann Metamorphics
(see Chapter 4). Strongly magnetic basement complex is also located in zone SMul in northern
Cockburn which continues across southern Petermann and into Duffield. Mapped outcrop within
SMul is restricted to photointerpreted Olia Gneiss. The zone runs along the Domain boundary

on the eastern side of the study area.

Modeled susceptibilities of individual horizons within SMu2 are in the range 0.015-0.245S.1.
and part of the zone can be modeled as a vertical sided block of higher magnetic susceptibility
within a lower susceptibility background (see Figure 6.3).

The magnetic data and limited outcrop in SMu2 suggest a basement core structure of mafic
granulite rocks, which have a higher concentration of magnetite than surrounding lithologies, as
the source. The zone possibly defines a regional structural high in the form of a dome in which
extensive early folding and faulting have taken place. Much of the subsequent structure defined
by the magnetic data (SMul, SG1, SMo3) appears to wrap around this prominent basement

unit, suggesting that it is a central structural feature.
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The strongly magnetic basement within SMul is an elongate feature stretching the width of
the study area. The southern boundary of the zone in the west of the study area is a prominent
magnetic low suggesting that the zone is a normally magnetized block of higher magnetic sus-
ceptibility than the surrounding lithologies. Magnetic trends in the zone are generally east—west
in the west and swinging around to southeast in the east of the area, parallel to the Domain
boundary. There are numerous tightly folded horizons interpreted in the western section of the
zone, all of which have an east—west axial trend, and they are considered to be of the same

deformation event as the similar folds defined in SMu?2.

6.4 Moderately Magnetic Basement Complex

Most of the Southern Domain is interpreted as moderately magnetic basement complex, litho-
magnetic unit B2 on the interpretation maps, corresponding mainly with mottled textural zones.
The moderately magnetic basement complex is considered as predominantly quartzofeldspathic
lithologies which are reported to make up to 90% of the granulite terrain in South Australia
(Collerson et al. (1972)). Quartzofeldspathic units generally have a low percentage of magnetic
minerals and hence are expected to exhibit a lower magnetic activity than the mafic granulites.

SMo2 and SMo4 make up the magnetic background for much of the Southern Domain.
Outcrop within SMo2 is scarce, but there is considerable Musgrave-Mann Metamorphics out-
cropping in SMo4. In some cases magnetic boundaries transgress outcrops which appear uni-
form in aerial photographs (southeastern Cockburn). The boundary between SMo3 and SMo4
in southern Cockburn is likely to be a fault related feature for at least part of its length, since
it correlates with a very prominent airphoto lineament near Mt. Samuel (southern Cockburn).
The area in southeastern Cockburn is one of the few places in the Southern Domain where a
significant amount of outcrop would allow a detailed examination of the lithological expression
of some of the interpreted magnetic boundaries.

Another large area of moderately magnetic basement complex occurs in zone SMo3 in central
Cockburn. This prominent zone in the Southern Domain crosses the western edge of the study
area into Western Australia. Again, there is only very limited outcrop within the zone. Some
rapakivi granites and granite gneisses outcropping in SCOT T in W.A. are likely to be within the
western continuation of the zone. SMo3 has a higher magnetic amplitude than the surrounding
areas and magnetic trends are dominantly east—west. The zone thins rapidly to the east and is
only several kilometres wide in Duffield, where it is truncated against SG1.

The geological significance of the zone is problematical and the limited outcrop which lies
within the zone requires a more detailed examination than is presently available to enable a
valid interpretation. Despite this inconclusive evidence the magnetic data still furnishes useful
information on the large area, which is reasonably magnetically homogeneous and displays sharp
boundaries around much of its border. A minor amount of extra geological information which

could perhaps be gathered with limited access to the area would be of great assistance in the
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interpretation.

A further area of moderately magnetic basement complex in SMol is located in northern
Cockburn and continues into southern Pottoyu along the Domain boundary. The zone has limited
outcrop, with only some isolated photointerpreted Olia Gneiss. The magnetic activity in the
southern section of the zone is low but increases to the north towards the Domain boundary
where there are a number of well defined magnetic horizons which exhibit variable modeled dip
directions. Some of these horizons are truncated against the eastern contact of the interpreted
NG2 granite. Deformation, in the form of faulting and folding, is clearly seen in the northeast
corner of the zone, associated with the Woodroffe Thrust which defines the Domain boundary.

The southern boundary of the zone is a sharp contact but does not exhibit any strong
magnetic anomalies; it is possibly related to a bounding fault or unconformity against the more

magnetically active mafic unit in SMul.

6.5 Weakly Magnetic Basement Complex

There are two areas which exhibit an uncharacteristic subdued magnetic response in the South-
ern Domain, zone SG1 in southern Duffield and SG2 in southern Cockburn.

SG1 is a granular zone containing only limited areas of mapped outcrop of granite and high
grade metamorphics. In the lack of other evidence there are several potential explanations for
its existence. Omne of these is that the area is covered by a shallow, possibly Cainozoic, basin
with a generally thicker sequence of cover material than elsewhere in the Southern Domain.
This would result in a subdued magnetic response over the otherwise strongly or moderately
magnetic basement complex beneath the cover.

Another possibility is that the zone represents a re-entrant of the Woodroffe Thrust. It has
been well established that the amphibolite facies gneiss and granite which are found beneath the
Woodroffe Thrust in the Northern Domain are considerably lower in magnetic activity than the
overlying granulite gneisses of the Southern Domain. It is possible that zone SG1 is a window
through the uppermost plate of the Thrust and the margins of the zone are the trace of the
Woodroffe Thrust. A similar large scale re-entrant of the Thrust has been mapped on geological
evidence to the east of the study area on PETERMANN RANGES and can be clearly seen in
recently flown aeromagnetics over that area as a complex zone of decreased magnetic activity.
The magnetic data on the sheets directly east of Duffield (primarily on Butler Dome) is very
complex but several isolated zones of increased activity could be interpreted as klippen of the
Woodroffe Thrust, one of which involves Dean Quartzite. If the latest movement on the Thrust
is 540 my (Maboko et al., 1987) then it would be possible for the Dean Quartzite to be involved
in the thrusting, since the quartzite is of upper Proterozoic age. If this is the case then some
of the small granite outcrops mapped in SG1 may be similar in composition to the Pottoyu
Granite Complex.

A third interpretation of the zone, based on the B.M.R. Mann-Woodroffle aeromagnetic data,
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has been made by Shelley and Downie (1971) who suggest that a large area of weakly magnetic
granite may correlate with the subdued magnetic response of the zone.

The other weakly magnetic area is a granular textural zone, SG2, in southern Cockburn.
SG2 is interpreted to be a combination of an increasing thickness of cover and the Claude Hills
member of the Giles Complex intrusions. The minor ultrabasic outcrops within the zone have
been associated with the Claude Hills member of the Giles Complex by Forman (1972). Previous
geophysical work over other members of the Giles Complex in S.A. has shown that most of the
intrusions are characterized by a negative magnetic anomaly with a positive near the southern
boundary, indicating strong reverse remanent magnetization (Smith, 1979; Shelley and Downie,
1971). SG2 is a prominent negative magnetic anomaly but the southern boundary of the zone
is not within the study area.

The size of the magnetic zone suggests that the Claude Hills Intrusion is considerably larger
than the outcrop suggests. A detailed gravity survey over the area may be useful in better
defining the extent and shape of the intrusive body, since other Giles Complex bodies have a

significant positive density contrast (Smith, 1979).

6.6 Circular/Elliptical Features

Scattered throughout the Southern Domain are a number of circular and elliptical magnetic
features which have been numbered on the interpretation maps for identification as C1-C12.
They vary in both size and magnetic characteristics and can be divided into four main groups
on the basis of their magnetic response. Most of the anomalies can be classified into one of these

groups:
1. Magnetic Highs,
2. Magnetic Lows,
3. Normally Magnetically Polarized (highs in north, lows in south),

4. Reversely Magnetically Polarized (lows in north, highs in south).

C1 and C12 on Cockburn fall into the first class (magnetic highs) as does C5 in northern
Duffield. C5 appears to have similar magnetic characteristics to the neighbouring strongly
magnetic basement zone SMu2, and is likely to be an isolated section of the strongly magnetic
basement complex within SMu2. Magnetic lows are represented by a very prominent low in
southeastern Cockburn C9, and a more subdued feature, C7, in central Cockburn. An example
of a normally polarized feature can be found in northwestern Duffield, C4 and in southwestern
Cockburn C6 shows evidence of reverse magnetic polarization.

Several of the features are only subtle changes in magnetic character from their surrounding

background and cannot be definitely placed in one of the above four classifications.
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Without any geological control it is difficult to further categorize these anomalies. Several of
the magnetic features correspond to isolated mapped outcrop, most of which is photointerpreted
Olia Gneiss giving little help in the problem. The only feature wholly in good outcrop is the
C9 low in southeastern Cockburn over mapped Musgrave-Mann Metamorphics. Examination
of air photographs of the region revealed no apparent lithological variations in the area. The
anomaly is also clearly visible in the earlier B.M.R. Mann-Woodroffe aeromagnetic survey which
has a much broader flight line spacing than the Petermann survey. A distinct radiometric high
is associated with C9 and is visible in the total count, potassium and thorium channels, which
suggests that the anomaly has near surface expression and may be a pluton of acidic composition.
Further ground follow up is required to confirm this interpretation.

The circular and elliptical anomalies throughout the Southern Domain are interpreted as
igneous intrusions of unspecified composition, although C11 in southern Duffield is interpreted
as a weakly magnetic granite on the basis of its subdued magnetic response. The features are
distributed throughout the Domain, some within magnetic zones and some on the boundary
between zones. Differences in the gross magnetic polarization of the individual bodies indicate
that they have undergone different magnetic histories, related to differences in composition and

their time of emplacement.

6.7 Folding within the Southern Domain

Several generations of folding have been recognized in the granulite gneisses of the Musgrave
Block in South Australia. Goode (1970) identified three phases of folding in the gneisses sur-
rounding the Kalka and Ewarara Giles Complex intrusions. The oldest has a northeast to
north-northwest axial trend. This was followed by a second open to fairly tight folding event
with an east—west trend. A third phase was recognised but structures were too poorly defined
to characterize the style of folding. Moore (1970) recognized two folding events in the granulites
around the Gosse Pile intrusion, both having east-west axial trends.

Folding interpreted from the aeromagnetic data from the Southern Domain is common,
particularly in the areas of strongly magnetized basement complex. In SMu2 open to tight
east—west folding is evident at several localities. It is difficult to discern whether these folds
represent two separate generations of folding, one tight folding and one with a more open style,
or a single event with a variable fold style. Open northeasterly folds are also evident in the
south of SMu2. Two generations of faulting are present in SMu2 one trending northwest
and another trending northeast. Some of the fold structures have been displaced by the later
faulting. East—west folds have been delineated in SMul and one particularly well defined folded
horizon in central Cockburn has been recognized as an easterly plunging synform. It is considered
that these structures were produced by the same deformation event as those folds recognised in

SMu2.

There has been deformation of horizons associated with the circular/elliptical anomaly C3
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within SMul on northeastern Cockburn, suggesting that either the igneous body intruded and
deformed the pre-existing magnetic horizons or rotation of the intrusion after emplacement
caused deformation of the neighbouring magnetic horizons. A similar folded horizon is evident
near the western edge of C1 on Pottoyu/Cockburn.

Folding is less common in the moderately magnetic basement complex. In SMo4 in the
vicinity of the boundary between Duffield and Cockburn two sets of folds are recognized one
with an east—west axial trend and another trending north-south to northwest—southeast. One
example of fold interference suggests that the east—west trending fold set has been refolded by
the later north—south trending set. Well defined tight east—west folding is evident in northern
SMo3. Southeasterly trending folds are interpreted in the vicinity of the Domain boundary in
SMol on southern Petermann.

It should be noted that since the survey flight lines run meridionally there is a bias towards
magnetic features with a latitudinal trend in the geophysical data, and only rarely are north-

south trending structures well defined.

6.8 Faulting within the Southern Domain

Faults are prominent in the Southern Domain. The largest is marked by zone SBL in south-
eastern Cockburn. This zone has a distinctive broad linear magnetic high at its centre and a
surrounding area of increased magnetic activity. The whole zone is interpreted as the magnetic
expression of the Mann Shear Zone.

The Mann Shear Zone has been mapped in South Australia as a steep southerly dipping
mylonite zone and is associated with a distinctive linear magnetic anomaly (Smith, 1979) of
100-1000 nT (Shelley and Downie, 1971). The central anomaly in SBL adjoins the anomaly
associated with the Mann Fault in South Australia, and is a positive magnetic feature of 400-900
nT. The section of the anomaly in the Northern Territory has been previously attributed to the
magnetic expression of the Mann Fault by Smith (1979) on the basis of the Mann-Woodroffe
aeromagnetic survey.

The central anomaly is interpreted to be the magnetic expression of the mylonite zone of the
fault and has been modeled as dipping southerly at between 30-60 degrees, which is consistent
with geological observations (Thomson, 1966). Lateral displacement of the order of one kilometre
on the central mylonite zone are interpreted to be caused by three northeasterly strike-slip faults.
A major dislocation of the central anomaly of the fault is evident in south central Cockburn. A
left-lateral northeasterly cross cutting shear zone with about 5 kilometres of displacement and
approximately 4 kilometres wide is interpreted as the cause of the offset. This later shearing
event has the same trend as a similar feature mapped further south on MANN. It does not
appear to have displaced the neighbouring zone boundaries, suggesting that both the Mann

Shear Zone and the cross cutting shear are older than the development of the adjacent magnetic

zones.
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Interpreted faults within zone SMo3 dominantly trend northwesterly, which is in contrast to
the majority of faults interpreted further east on Duffield, which are mainly north to northeast-
erly, and probably indicates different periods of deformation affecting the strongly magnetic and
moderately magnetic basement complexes. Cross cutting faults in unit Bl in northern SMu2
imply that the northwesterly set are younger relative to the northeasterly trending set. The Do-
main boundary has been displaced at several locations on Petermann and Duffield by strike-slip
faults of variable trend, obviously developed after the movement on the Woodroffe Thrust.

Several long northwesterly trending magnetic lineations cut across the Southern Domain and
are quite clearly discernable in the directionally filtered magnetic images. Magnetic lineaments
Lave not been marked on the interpretation maps since large numbers of such linear features can
be interpreted and tend to result in an interpretation map which is difficult to use effectively. The
northwesterly trending features are worthy of note for their exceptional length (60 kilometres).
They may be the magnetic response of a northwest trending dyke swarm, similar trending dykes
have been noted further south (Thomson and Major, 1968).

The structural evidence revealed from the aeromagnetic interpretation indicates that litho-
magnetic units B1 and B2 have different deformational histories possibly related to differences
in age and original crustal depth. The units have probably been juxtaposed into their present

positions by extensive faulting and deformation during uplift of the Musgrave Block.



Chapter 7

Conclusions and Discussion

7.1 Introduction

The collection and interpretation of airborne magnetic and radiometric data over the Petermann
Ranges area, which is characterized by lack of outcrop and access difficulties, is the first stage
in a project to improve the geological understanding of the region. Additional processing and
detailed interpretation of the geophysical data has led to a better understanding of the geology
and structure in and around the study area, both in locations where the geology is known from
outcrop and where no outcrop is available. The geophysical data have been used to subdivide
the area into a number of magnetic textural zones and two larger magnetic domains, a Northern
and a Southern Domain, which reflect broad scale geological structure.

This chapter presents an overview of the significant results which have come out of the
interpretation of the geophysical data, in the form of a brief geological history of the area,
developed from the geological literature and expanded using the information revealed from the

interpretation.

7.2 Interpreted Geological History

The oldest rocks in the study area are the amphibolite facies gneisses, dated between 1525-
1575 my by Maboko et al. (1987) and the granulite facies Musgrave-Mann Metamorphics. Most
workers concur (Goode, 1970; Moore, 1970; Thomson, 1975) that these lithologies were laid
down as a sedimentary sequence, with the metamorphic layering now visible in the rocks being
related to the original sedimentary layering. The high grade metamorphics have undergone a
complex multiphase deformation history. Goode (op. cit.) notes three phases of folding in the
granulite around the Kalka and Ewarara members of the Giles Complex, Moore (1970) reports
two phases of folding in the high grade rocks surrounding the Gosse Pile intrusion. Forman and
Shaw (1973) note that there is evidence for at least two periods of metamorphism within the
granulites of the southwest of the study area.

The geophysical data analysed in this study has defined a series of previously unrecognized
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important structural and lithological boundaries which indicate a complex deformation history
of the high grade basement rocks in the study area.

The granulite facies gneisses of the Southern Magnetic Domain, which have been previously
mapped as a single unit, have been subdivided into two lithomagnetic units, a strongly magnetic
mafic granulite and a moderately magnetic quartzofeldspathic granulite unit. The strongly
magnetic basement complex in SMul and SMu?2 is interpreted as a basement core in the
Southern Magnetic Domain. The areas exhibit two and possibly three generations of folding
delineated from the aeromagnetic data. A number of east—west trending folds with a style
that varies from open to tight may represent two separate fold generations, a further event is
represented by open northeasterly trending folds. The former set of folds have been displaced
by a later series of faulting.

The moderately magnetic quartzofeldspathic granulites in the Southern Domain exhibit a
different deformation history, with both east—west and north-south trending folding events. The
quartzofeldspathic units possibly represent a younger cover sequence to the strongly magnetic
basement complex, but they are unrelated to the lithologies of the Northern Magnetic Domain.
The two different lithomagnetic units have been juxtaposed into their present positions by ex-
tensive uplift of the Musgrave Block and associated deformation and faulting along the magnetic
zone boundaries.

Several of the circular/elliptical magnetic features in the Southern Domain are closely asso-
ciated with magnetic zone boundaries (C2, C3, C4, C12) and are interpreted as igneous bodies
which have intruded along crustal weaknesses developed by faulting along those boundaries.

Much of the amphibolite facies gneisses in the Northern Magnetic Domain are interpreted
as original gneissic basement. The results of an early folding event in the gneiss are evident in
zone NMo4 where a thin well defined magnetic horizon is folded into a number of northwesterly
trending folds.

The emplacement of the Giles Complex intrusions preceeded the major faulting which has
been mapped south of the study area (Mann, Hinckley faults), (Goode, 1970). The Giles Com-
plex is represented in the study area by a zone of subdued magnetic character associated with
the Claude Hills intrusion in the Southern Magnetic Domain. One of the large scale faults, the
Mann Fault Zone, is characterized in the area by a 400-900 nT magunetic high which adjoins a
similar magnetic anomaly in South Australia. This central magnetic high is believed to be asso-
ciated with the mylonite zone of the fault and modeled dips indicate that it is a steep southerly
dipping feature. The other major fault in the area, the Woodroffe Thrust, may also have been
initially active at this early stage.

Intrusion of much of the Pottoyu Granite Complex and other Kulgeran Granites within the
Musgrave Block around 1100 my was possibly accompanied by the intrusion of some of the
circular/elliptical magnetic features noted in the Southern Domain. This period of intrusion
is interpreted as being followed by large scale basement shearing affecting the Olia Gneiss and

Granites.
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The area of linear magnetic texture in the Northern Domain which has been interpreted here
as a basement shear zone is approximately 20 kilometres wide along most of its 100 kilometre
length and trends east-west across the width of the study area. The shearing has overprinted
the previously formed structures within the Olia Gneiss to form thin elongate magnetic horizons
within the original basement Olia Gneiss and much of the Pottoyu Granite Complex. Individual
southeasterly trending shear planes are discernable in the magnetic data, together with tight
folding with a similar axial trend. Cross cutting short northeasterly faults are also interpreted in
the zone. The shear zone may have been caused by a left-lateral strike-slip fault at depth, active
before the main period of movement on the Woodroffe Thrust, although this interpretation lacks
firm evidence.

Following the shearing event a further period of gramnitic emplacement prevailed. A large
section of the Pottoyu Granite Complex in Hull and Pottoyu was emplaced, and the interpreted
granitoid body on southwestern Pottoyu was probably intruded at the same time through the
previously formed shear zone. The latter granitic body shows evidence for large scale fragments
of the sheared material as xenoliths or roof pendants. Southeasterly trending dykes were em-
placed in both these granites somewhat later. Another set of east-west dykes was emplaced
along the eastern edge of the study area within the zone of shearing and one shows magnetic
evidence for dipping to the south.

Following this period of igneous activity the volcanics of the younger basement were extruded
in the north and to the west of the study area and this event was unconformably followed by
a marine incursion and the deposition of the Dean Quartzite in a stable shelf environment
(Forman, 1972) followed by the deposition of the evaporitic Pinyinna Beds, Inindia Beds and
Winnall Beds.

The end of the Precambrian saw the development of the regional recumbent folding during
the compressional Petermann Ranges Orogeny in the Northern Magnetic Domain and along
much of the margin of the Amadeus Basin. This was probably accompanied by further uplift
of the Musgrave Block and mobilization along the Woodroffe Thrust. Granitic bosses and
plugs intruded the folded metasediments in the Northern Magnetic Domain, perhaps the result
of localized melting and metamorphism of the younger basement lithologies. Mapped Olia
Gneiss within the area of the fold nappe is also interpreted as the result of metamorphism
and granitization of the younger basement, as suggested by Forman and Hancock (1964), and
is differentiated from the basement Olia Gneiss which occurs further south. Regional scale
open folding in NMo2 also probably developed at this time. North—south trending strike-slip
faults are considered to have developed after the regional folding in the sediments and younger
basement, since they clearly cut across magnetic zones and the regional scale folding along the
edge of the basin. Smaller scale faulting across magnetic zones and the Domain boundary also
developed after the main structural events of the Petermann Ranges Orogeny and movement
on the Woodroffe Thrust. Faulting within magnetic zones may have developed during the main

deformation event.
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Further uplift and erosion deposited the Mt. Currie Conglomerate towards the basin off
the newly formed Petermann Ranges (Forman, 1972). Marine sedimentation took place in the
Ordovician when thin outliers of the marine Stairway Sandstone developed in the study area
(Cook, 1972).

The final significant geological event to be recorded in the magnetic data was the deposition
of sediments of glacial origin (Daniels, 1974) in a shallow Permian basin on the northern edge
of the granitoid body in western Pottoyu and stretching into Western Australia. Within the
study area limited depth estimates in the basin indicate that it is of the order of 35 m deep, the

deepest section being towards the east of the smooth magnetic zone NS5.

7.3 Conclusions

This study has shown that airborne magnetic and radiometric data are an essential tool for
geological mapping in an area where ground based geological control is scarce and difficult to
collect. Extensive processing and display of the data in various forms as digital greyscale images
has proved invaluable as an interpretational aid, both to highlight broad scale structure and more
detailed local features. The study has produced an improved understanding of the geology of the
area, particularly in the central and southern sections where only limited geological information
was available.

The geophysical data has been shown to fit the regional recumbent folding hypothesis pro-
posed by Forman (Forman and Hancock, 1964) and has highlighted numerous other significant
structural features in the Northern Domain, many previously unrecognized in the study area.
Correlation between the aeromagnetic interpretation and the regional gravity field is also good.

A number of subdivisions have been made in the high grade basement of the Southern
Magnetic Domain, including several circular and elliptical igneous intrusive bodies. The full
geological significance of some of these divisions remains unclear and requires more detailed
ground bascd work to gain a better understanding. Extensive faulting and folding have been
delineated in both Magnetic Domains, and the location of both the Mann Fault Zone and the
Woodroffe Thrust are well defined from the magnetic data.

The closer spaced flight lines (500 metres) of the Petermann survey data used in this inter-
pretation have been a great advantage in defining important magnetic features which are not
visible in the more broadly spaced (3200 metres) aeromagnetic data flown over the same area
in the 1960’s by the B.M.R.

The study area is a small section of the vast expanse of Precambrian and younger terrain
in central Australia which has only been geologically mapped on a regional scale. This study
has provided a further stepping stone in the slow process of compilation, interpretation and
integration of geological and geophysical data which is necessary to gain a better understanding

of a complex area.
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Image Production and Processing

A.1 Introduction

The display of the geophysical data as digital images has been used extensively in the inter-
pretation throughout this project. The system used displays the data on an Apple LaserWriter
using the postscript graphics language and was developed in the Department of Geology and
Geophysics by S. Rajagopalan. This appendix details the steps required to produce an image
and the standard specifications used in the production of the images in this thesis. It also covers
the processing techniques which have been applied to the geophysical data and found useful in

the geological interpretation.

A.2 Mechanics of Producing an Image

The first step before cither computer contouring or imaging of the data is to convert the geophys-
ical data to a regular grid from a scries of flight lines with closely spaced data points along the
lines (15 to 20 metres) and a much larger distance between flight lines (500 metres). The choice
of the grid cell size depends on several factors, including the flight line spacing, the application
to which the resultant gridded data is to be used, and the amount of computer time and space
available.

The gridding procedure used was developed by Dr. Johu Paine (Paine, 1987) and uses a
method of iteratively calculating a grid of biquadratic spline coefficients. A grid cell size of 100
metres by 100 metres was chosen and all the magnetic and radiometric data were gridded onto
this size. The coordinate system used were easting and northing metres from AMG zone 52.
Tlhe process of gridding means that some of the high frequency data along flight lines is lost, and
data is interpolated between flight lines. In general tie lines were not included in the gridded
data sets because poor or absent Jeveling of the tie line data means they tend to show up as
linear east—west trending features in the gridded data.

Each 1:100 000 sheet was subdivided into four areas of approximately the same size and with

at least 2 kilometres (20 grid cells) of overlap into adjacent arcas. These arcas were gridded

A-]
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Figure A.1: Grey Level Distribution for Magnetic Data

separately and later reduced to the appropriate size, the overlap ensuring that the data would
match at the edges. Thus by joining adjacent subareas the entire area can be reconstructed as
a gridded data set suitable for computer contouring or imaging. The division of the sheets into
the subareas had to be done hecause the gridding program has a limit to the size of output grid
it can produce.

Once the data has been gridded a digital image or a contour map presentation can be
calculated. If an image is to be produced the data must first be suitably stretched. Most output
devices have a dynamic range of 256G grey shades, each shade represented by an integer value in
that range. This means that the gridded data has to be rescaled or stretched to become integer
values between 0 and 255. Obviously there are many ways in which this can be done and most
of the standard stretches are well described in the literature (Drury, 1987; Castleman, 1979).
The basic tool needed to decide how best to stretch the data is a histogram. The stretching
technique used to display data in this thesis is an equal area stretch. The histogram of the data
set is divided into N groups, where N is the number of grey levels desired in the image. The

groups are chosen so that each has the same number of gridded data points within it, thus each
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class contains the same number of pixels. Since a pixel represents a set area on the map (in this
case 100 metres by 100 metres) this stretch implies that each greyscale colour has an equal area
on the map. Figure A.1 illustrates the grey level distribution on a typical data histogram. The
nature of the stretch means that grey levels representing data in the tails of the distributions
have a much larger range than the grey levels representing data near the peak of the distribution.

The variable N, the number of grey levels, must also be chosen. Figure A.2 illustrates a small
section of the Pottoyu sheet total ficld magnetics image with different numbers of grey levels (2,
4, 8, 16, 32 and 256). The figure illustrates that the difference in image quality between 16, 32
and 256 levels is minimal, but with less than 8 levels the images can be significantly lacking in
detail. The number of grey levels used also influences the amount of computer time required to
produce the image, so on the basis of image quality and time it was decided that 16 levels is
the optimum number. The criterion of image quality is somewhat subjective and depends upon
the detail required from the image and personal preference. All images presented in this thesis
have been produced using 16 grey levels and an equal area stretch.

The scale of the images is the final variable that needs to be addressed. Digital images have
an upper limit of scale beyond which individual pixels become too large and give the image a
blocky effect. The upper limit of map scale with pixels of 100 metres was found to be 1:100 000.
The images were produced at an original scale of 1:250 000 to avoid this blocky texture and
because most other maps of the area (geology, topographic, gravity) are available at this scale.
Unlike contour maps, in which small scales necessitate closely spaced contours being dropped and
so producing a loss of detail, small scale pixel maps can still display all of the detail represented

in a similar map of larger scale.

A.3 Image Processing

There are numerous types of images and processing techniques that can be employed, each
enhancing certain aspects of the data which possibly do not show up in other processed version
of the data. The images and processing techniques that have been used in this work and their

attributes are discussed below.

Globally Stretched Images

Globally stretched images are the most common form of image and all but one pixel map
discussed here is of the globally stretched type. Global images are produced by treating all the
data as a single set, so the histogram and equal area stretch such as those in Figure A.1 are
calculated using the entire data set. This results in a synoptic, uniformed view of the data.
Global images are particularly useful when working on the area as a whole. In comparing
structures or magnetic intensities of areas separated by some distance one can be confident that

the same grey shade represents the same range of magnetic field strengths. This is useful for
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delineating zones of similar magnetic character and getting a general overview of the nature and
quality of the data.

The major disadvantage of some globally stretched images is that quite large areas can be of
the same greytone, appearing to be magnetically flat and showing no finer details. Such areas can
be seen on the globally stretched total field magnetics (Figure A.3) in western Pottoyu, around
129°00, 25°15 where there is a large area of low magnetic intensity (black) with little detail
discernable. This problem can be overcome by local contrast stretching, a simple processing

technique discussed below.

Reverse Colour Images

Most examples of greyscaled aeromagnetic images (Kowalik and Glenn, 1987; Drury et al., 1987;
Tucker et al., 1987) are produced with the highest levels of the magnetic field mapped as white
and the areas of lowest magnetic intensity mapped as black. This convention has been also
adopted in this work. The obvious alternative is to map high values as black and low values as
white. This sort of negative image was produced using a global stretch and is represented at a
scale of 1:1 000 000 in Figure A.4. The image shows the same amount of detail and the resultant
good and bad points as discussed in the previous section but the different perspective given
to the interpreter by the reversed colour sense is useful for revealing details not immediately
obvious in images with the more conventional greytone scheme. The magnetic expression of the
Mann Shear Zomne, as a linear magnetic high several kilometres wide in the far southwest of the

image is one example that is somewhat easier to pick in this style of image.

Locally Stretched Iimmages

The problem of globally stretched images having quite large areas of the same greytone can be
overcome by local contrast stretching. I{owalik and Glenn (1987) suggest a transformation of the
data using a moving box car window which will accentuate subtle features. It was found that a
simpler and more effective method of local contrast stretching could be applied to the data used
in this work with very satisfactory results. This technique involves breaking the entire data set
down into smaller subareas of manageable size. Each subarea is treated as an individual image
by calculating an individual equal arca stretch which maps local high values to whites and local
low values to black. Figure A.5 shows the results of this process on the total field magnetics.
The areas that where noted as lacking in detail in the previous images show up considerably
more interesting and significant detail in the locally stretched image.

The process of local contrast stretching gives the overall image a patchwork appearance,
with each of the subarcas chosen being quite obvious. This means that it is difficult to use the
locally stretched image to define zones of similar magnetic characteristics and compare different

areas separated by significant distances.
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Figure A.3: Total Field Magnetics Greyscale Digital Image
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REVERSE COLOUR IMAGE TOTAL FIELD MAGNETICS
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Figure A.4: Reverse Colour Total Field Magnetics
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LOCAL CONTRAST STRETCH TOTAL FIELD MAGNETICS
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Directional Filtering

Application of digital filtering techniques mean that a whole new series of images can be produced
from the original gridded data. One effective filtering method is directional filtering. This is
achieved by calculating an approximation to the horizontal gradient of the data in a specified
direction using a convolution of two 3 X 3 or larger matrices with the data set. This has the
result of enhancing features that trend in the chosen direction and subduing features normal to

the chosen direction. The convolution matrices used here were 3 X 3 of the form:

1 1 1 1 0 -1
cos 0 0 0 4+sinal 1 0 -1
-1 -1 -1 1 0 -1

where a is the azimuth of the direction in which to enhance features (Kowalik and Glenn, 1987).
Any direction can be chosen, but the best direction is perpendicular to the flight lines, the main

reasons being:

1. The flight line direction is chosen to run perpendicular to the general geological strike of

the area, and hence the general trend of magnetic features.

2. Filtering in directions other than perpendicular to the flight lines tends to accentuate

ridging along the flight line direction due to poor leveling of the data.

Figure A.6 is an example the total magnetic field filtered perpendicular to the flight lines
(o = 90°). This type of processing gives the data the illusion of surface texture which is very
useful for delineating textural zones. The map also brings out subtle linear features within the

data and accentuates the higher {requency components.

Vertical Gradient

Another form of digital filtering is the calculation of the vertical derivative, or vertical gradient
of the magnetic data. It is well known that the vertical gradient is very effective in producing
higher resolution in potential field data, accentuating anomalies caused by near surface sources.

A 177 point filter operator was applied to the gridded data (McGrath, 1975) using the
optimal programming method suggested by Holroyd (1975). The resulting image is shown in
Figure A.7. The figure shows that the technique accentuates continuous horizons and more
subtle features not visible in the unfiltered images. It also brings out areas of slowly varying
smooth magnetic field attributable to nonmagnetic sediments. One feature highlighted by this
processing technique is the east—west trending tie lines which were inadvertently included in the
gridded data in part of the Hull sheet, in the far northwest corner of the map area.

The vertical gradient image, although eflective in accentuating higher frequency detail, tends
to break down in arcas of high magunetic relief, such as the southern section of the study area,

where it is diflicult to follow individual horizons.
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CALCULATED VERTICAL GRADIENT OF TOTAL MAGNETIC FIELD
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Figure A.7: Calculated Vertical Gradient of the Total Magnetic Field
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Radiometrics

All of the above processing techniques have been discussed with reference to the magnetic data,
but images of the radiometric data can also be produced, and indeed, are often the best way to
display such data. The higher statistical noise in radiometric data sets means that some of the

digital filtering techniques cannot be applied with as much success as on the magnetic data.

A.4 Discussion

There are many other processing options available, some of which were investigated in this
project but not used extensively. The possible variations are limited only by time. However
no one image will optimally present all the desired features of the data set. Each processing
technique will highlight a certain aspect or several aspects of the data which will not show up
in another type of image. Thus it is important to produce several different versions of the data
using processing techniques as described here to get different perspectives. The work undertaken
during this project suggests that a core group of three basic images be produced for the magnetic
data, a globally stretched image, a locally stretched image and a directionally filtered image
which enhances features perpendicular to the flight line direction of the survey. These three
images were found to be the most useful in the geological interpretation of the magnetic data.
Further processing techniques can then be applied to help with the interpretation of difficult
areas or to enhance particular aspects of the data which the three images mentioned above do

not adequately cover.
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Survey Specifications

B.1 Introduction

The airborne magnetic and radiometric data used in this thesis were collected as a single survey
by Austirex International, under contract to the Northern Territory Department of Mines and
Energy. The survey was flown between 20 September and 28 October 1985 and comprised
approximately 38000 line kilometres over an area of 18000 square kilometres. The specifications

of the survey and preliminary processing of the data are set out below (Part C in Simons, 1986).

B.2 Survey Specifications

The Petermann airborne survey was flown in an Aerocommander 500s (VH-FGS) with north-
south flight lines at a nominal spacing of 500 metres. East—west tie lines were flown every
5000 metres. The nominal mean terrain clearance was 100 metres. Navigation was doppler
assisted visual navigation using black and white photographs. Terrain clearance was recorded
by a Collins ALT-50 radio-altimeter with a sensitivity of 0.1 metres on an operating range of 0
to 610 metres.

A base station Geometrics G826A proton precession magnetometer with a sensitivity of 0.25
nT and a sampling interval of 10 seconds was used to monitor the diurnal variation of the Earth’s
magnetic field. The base station was situated at Yulara, near Ayers Rock, approximately 100
kilometres east of the survey area.

The airborne magnetometer was a Scintrex VIW 2321-HG of the alkali vapour type with
a resolution of 0.005 nT mounted in a tail stinger. The magnetic field was recorded with a
sensitivity of 0.1 nT at a constant time interval of 0.25 seconds, which represents approximately
15 to 20 metres on the ground.

The spectrometer system used was a Geometrics GR800/900D with a total volume of thal-
lium activated sodium iodide crystals of 33.56 litres (2048 cubic inches). The system had 256
channels and a spectral range between 0.3-6.0 million electronvolts. The energy windows and

channels used are set out in Table B.1

B-1
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Channel Name | Channels | Energy Window (MeV)
Total Count 2-254 0.321-2.995
Potassium 101-120 1.368-1.579
Uranium 128-147 1.653-1.864
Thorium 198-236 2.393-2.805
Cosmic 255-255 2.995-6.000

Table B.1: Spectrometer Specifications

B.3 Data Processing

B-2

Some preliminary processing and corrections were applied to the magnetic field data before it

was recorded onto the located data tapes. The magnetic data was diurnally corrected, offset

(parallax) corrected and the Australian Geomagnetic Reference Field (AGRF) was removed.

The radiometric data on the located tapes were uncorrected except for a dead time correction

(which is discussed further in Appendix C). Further corrections applied to the radiometric data

prior to use are also described in Appendix C.
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Radiometric Corrections

C.1 Introduction

The radiometric data on the located tapes supplied by the Northern Territory Department
of Mines and Energy were in the form of five uncorrected channels, total count, potassium,
uranium, thorium and cosmic count all recorded in counts per second. Prior to using the data
for gridding and interpretation they required several standard corrections (Wilkes, 1988; Darnely,
1983) which are outlined here. The relevant coeflicients for the various corrections were obtained
from Part C of Simons (1986) and through personal communications with Mr. P. Robinson of

Austirex International.

C.2 Background and Cosmic

Initially the background and cosmic count rates need to be removed from the data. These
are determined by flying a series of high altitude stacks over water so that the contribution
of radioactive atmospheric radon gas and radiation due to ground based sources is negligibly
small. These tests were done over the water southwest of Perth. A plot of count rate for the four
channels (total count, potassium, uranium, thorium) versus the cosmic count rate is constructed
from the data from the altitude stacks and a regression line fitted to the plotted points. Thus the
aircraft background for each channel is determined by the intercept value of the regression line
when the cosmic count rate is zero, and the cosmic contribution to each channel is determined
by the slope of the regression line. The goodness of fit of the regression line is quantified in
the correlation coefficient which is reported in Table C.1. Both these corrections are subtracted

from each of the four raw channel count rates using an equation of the form of C.1.

Nbc = _]\T”Lw . Nb - chosm'ic (Cl)
g

Where N, is the background and cosmic corrected count rate, Ny, is the raw count rates

(deadtime corrected only), Ny, is the background count rate for the channel from Table C.1, 8 is

C-1
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the cosmic correction factor for the chaunel from Table C.1 and N ygmic is the measured cosmic

count rate.
Channel Background | Cosmic | Correlation
Counts/Sec 6 Coeflicient
Total Count 222.51 2.482 0.996
Potassium 17.86 0.130 0.9G68
Uranium 7.57 0.121 0.977
Thorium 3.85 0.138 0.995

Table C.1: Background and Cosmic Correction Factors

C.3 Stripping

A stripping, or spectral interaction, correction is required for the potassium, uranium and tho-
rium channels to calculate the contribution of potassium (K *°), uranium (Bi?!4), and thorium
(T'1%98) to their respective channels. The correction minimizes the effects of interactions (Comp-
ton scattering) of gamma rays on their path between the ground and the recorder in the aircraft.
The uranium channel requires correcting for scattering from the thorium channel and the potas-
sium channel requires correcting for scattering from both the thorium and uranium channels.
A small correction is required for gamma rays originating in the uranium decay series being
measured in the thorium channel.

The stripping correction coefficients are determined by experiment for each individual gamma
ray spectrometer system and take the form A/B (counts in ch/annel B per counts in channel A).

The factors appropriate to the system used in the Petermann survey are shown in Table C.2.

Thorium/Uranium | « | 0.251
Thorium/Potassium | 3 | 0.448
Uranium/Potassium | v | 0.834
Uranium/Thorium | € | 0.050

Table C.2: Stripping Correction Coeflicients

The stripping corrections were applied using equations C.2 —C.4 after the background and

cosmic corrections had been applied.

. C4 - EC3
78 . 72 "9

]\th. - (1 _ EO’) (C.2)
_ Cs3—aC4

N

V= T—ea) (C3)
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Where the superscript ® means the stripping corrected count rates for each of the channels

(C.4)

defined by the subscript. Cs, C3, C4 refer to the count rates measured in channels 2 (potassium),
3 (uranium) and 4 (thorium) after the deadtime, background and cosmic corrections have been

applied. The constants are those taken from Table C.2.

C.4 Altitude

The measured count rates ave very dependant upon the distance from the source, so an altitude
correction is required to level the data to a constant nominal altitude of the survey which was
100 metres. The altitude correction is closely approximated by the exponential form of equation
C.5

Ny, = ]Vne_“'Ah (C.5)

Where N, is the count rate at height h above the ground, N, is the desired count rate at the
nominal altitude, u is the altitude attenuation coefficient applicable to the particular channel
shown in Table C.3 and Ah is the difference between the true altitude of the reading and the

nominal altitude in metres.

Channel Attenuation Coefficient p
Total Count 0.005407
Potassium 0.007884
Uranium 0.002545
Thorium 0.006560

Table C.3: Altitude Attenuation Factors

C.5 Radon and Deadtime

Two further corrections which can be applied to radiometric data are the atmospheric radon
correction which compensates for varying amounts of the radioactive gas radon found in the
atmosphere, and the deadtinie correction.

The radon correction is applied rarely when the locality of the survey permits easy daily test
flights over large bodies of water 1o measure the abundance of radon without the interference
of ground based radioactive sources. As there was no such body of water available close to the
Petermann survey area the correction could not be made and this is a major reason why there is

some obvious striping along the flight line direction in the radiometric images. Variations in the
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amount of atmospheric radon tend to affect the uranium channel more than the other channels
(Green, 1987).

The deadtime correction is needed to take account of the time during which the system cannot
register another gamma ray interaction after it has received one previously. This correction is
applied by multiplying the measured count rates by the factor shown in C.6, where t is the
deadtime per interaction, which is 8 microseconds per total count for the system used, and N is

the measured count rate.

1
(1— N1)

As mentioned previously the deadtime correction had been applied to the data before it was

(C.6)

written to the located tapes.

C.6 Equivalent Ground Concentrations

Once the series of corrections described above have been made to the data the corrected count
rates can then be converted to equivalent ground concentrations by dividing by an appropriate
constant derived from carefully calibrating the spectrometer system over an area of known
elemental ground concentrations. Such a calibration test was run over the Dalgety test range
in New South Wales and the calculated coefficients are set out in Table C.4. To convert the
corrected count rates to equivalent ground concentrations the count rates are simply divided by
the constant which applies to that particular channel.

The units of equivalent ground concentrations are measured in equivalent parts per million
(eppm) for the uranium and thorium channels, equivalent percent (%) for the potassium channel
and radioelement concentration units (Ur) for the total count channel, where 1 Ur produces the
same instrumental response as an identical source containing 1 ppm of uranium in radioactive
equilibrium (Darnely, 1982).

Channel Concentration Coeff.
Total Count 250.0
Potassium 100.0
Uranium 34.8
Thorium 7.5

Table C.4: Elemental Conversion Factors

The conversion of count rates to equivalent concentrations not only gives an estimate of the
radioelement concentrations in the near surface but it also means that data of different vintages

and recorded using different instruments can be quantitatively compared. Simple corrected
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count rate data from different surveys cannot be compared, since the measured count rates are
dependent upon the measuring system, crystal size, recording time and other system parameters.

A fortran program was written to apply all the above corrections to the raw data. The
corrected count rates were gridded as counts per second, not as equivalent ground concentrations,

and the gridded data was then converted to equivalent ground concentration units.
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Abbreviations

A.G.R.F.
AM.G.
B.M.R.

eppm
gem™
K

km

MeV
mGal

my

nT
N.T.

N.T.D.M.E.

N.T.G.S.
Pb

ppm
Rb

S.A.
S.IL
Sr
Th

General

Australian Geomagnetic Reference Field
Australian Map Grid

Bureau of Mineral Resources (Australia)
east

equivalent parts per million

grams per cubic centimetre

potassium

kilometres

metres

million electron volts (unit of particle energy)
milligal (unit of gravitational acceleration)
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nanoteslas (unit of magnetic flux density)
Northern Territory

Northern Territory Department of Mines and Energy
Northern Territory Geological Survey

lead

parts per million

rubidium

south

South Australia

International System of metric units
strontium

thorium
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Ur

vg
w

W.A.

AB
AM
B1
B2

G1
G2

V1
V2

radioelement concentration units
vertical gradient of total magnetic field
west

Western Australia

Magnetic Textural Zones (see Chapter 3)
broad linear

granular

linear

mottled

muricate

smooth

Lithomagnetic Units (see interpretation maps)
basement gneiss

metamorphosed, granitized gneiss

strongly magnetic basement complex

weakly magnetic basement complex

fault related magnetic anomalies

magnetic granites

nonmagnetic granites

magnetic porphyry

magnetic metavolcanics

nonmagnetic metavolcanics
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