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ABSTRACT

Landsat Thematic Mapper, NS001 Aircraft Thematic Mapper, Geoscan Mk. II.
Multispectral Scanner and Airborne Gamma Radiometric data have been used to address
a variety of geological problems in the Mary Kathleen area, 60 km east of Mt. Isa, NW
Queensland. This area forms part of the Cloncurry Complex, a structurally complicated
mass of diverse igneous and metamorphic rocks in the Precambrian Mt. Isa Inlier for

which many stratigraphic problems remain to be solved.

The Landsat Thematic Mapper data have been the most extensively used in this study.
They are the least problematic data type and provide new geological information at
scales up to 1:50 000. The NS001 Aircraft Thematic Mapper data have similar spectral
but superior spatial resolution in comparison with the satellite data. They suffer from
increased geometric and noise-related problems, but the increase in spatial resolution
has allowed the solution of problems, at scales up to 1:10 000, which could not be
comprehensively addressed with the satellite data. The higher spectral resolution
Geoscan Mk. II Multispectral Scanner aircraft data used in the latter part of the study

can be used to remotely identify surface mineralogy.

The logarithmic residual technique has proved the most successful approach to
enhancing the radiance data sets. When applied to the lower spectral resolution data the
technique achieves good discrimination of most lithologies, produces an albedo image
useful for structural mapping and yields more information than can be extracted using
conventional techniques. When applied to the higher spectral resolution data the
technique allows remote mineral identification. Many of the geological problems in the

area have been wholly or partially solved using suitably processed radiance data.

The Airborne Gamma Radiometric data have the lowest spatial resolution. Only
discrimination has been possible with this data set. These data contain no terrain
information and are therefore difficult to use in the field. Integration of the gamma
radiometric data with satellite data has been successful in overcoming this problem. The
gamma radiometric data have allowed the separation of some lithologies which cannot

be separated using the radiance data sets but have contrasting radiometric counts.
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Plate 8.7 . . . . . .. ... .. .. .... e e e e e e e e e e e e 300
TM ratio composite over the Burstall Granite (top right), Wonga Granite (centre)
and Rosebud Syncline (bottom left). Red = 1.65/2.22 um, green = 0.83/1.65 um,
blue = 0.66/0.49 um. 1 = Argylla Formation, 2 = Ballara Quartzite, 3 = Pkc in
the Rosebud Syncline, 4 = Pkc in the Mary Kathleen Syncline.

Plate 8.8 . . . . . . 300
Corella Formation carbonate, Pkc; in the Rosebud Syncline.

Plate 8.9 . . . . . . 300
Corella Formation cordierite-biotite schist, Pkc, in the Rosebud Syncline.

Plate 8.10 . . . . . . . e 301
GMS LR data over the Mary Kathleen Syncline between the Cameron and Fountain

Range Faults. Red = 2.352 um absorption, green = 2.174 um absorption,
blue = 2.044 um absorption. The Corella Formation (Pkc,) and Burstall Granite
(Pgb) are labelled and the shear proposed by some workers marked with a dashed

line.

Plate 8.11 . . . . o o 302
The contact of the quartzite (right - locality 128) with the calc-silicate (left - locality

129) in the Mary Kathleen Syncline.
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Plate 8.12 . . . . . . .. 302
TM LR data over the eastern exposures of the Corella Formation in the NE of the
field area. Colours as Plate 8.3. The divisions of the Corella Formation on the
1:100 000 map are shown. 1 = calcite pit, 2 = Lake View Dolerite. Enclosure 8.1
contains a detailed interpretation of this plate where it covers the Corella Formation.

Plate 8.13 . . . . . . . 303
NSO001 LR data of the south part of the sequence depicted in Plate 8.12. Colours as
Plate 8.3. 1 = micaceous sandstone of Pkc, , 2 = Lake View Dolerite, 3 = central

Pkc,, 4 = impure marble unit of Pkc,.

Plate 8.14 . . . . . . . o 303
Pkc, in the eastern exposures. Pkc, forms the ridge in the distance.

Plate 8.15 . . . . . e e 304
GMS short wave infrared LR data over the eastern exposures of the Corella
Formation. Colours as Plate 8.10. Pkc, and Pkc, shown as depicted on 1:100 000

map.

Plate 8.16 . . . . . . . e e e 304
GMS visible and near infrared LR data for the central part of Plate 8.15.

Red = 0.955 um absorption, green = 0.830 um absorption, blue = 0.740 um
absorption. Pkc, and Pkc, shown as depicted on 1:100 000 map.

Plate 8.17 . . . . e e e e 305
Pkc, in the central limb of the Corella Formation’s eastern exposures.

Plate 8.18 . . . . e 305
Exposed calcite crystals in the calcite quarry, locality 89.

Plate 8.1 . . . . . . . e e 306
Pure marble occurring in extreme north of Pkc, in the central exposures.

Plate 8.20 . . . . . . . . e e e 306
View from an impure marble unit of Pkc, in the western exposures back east toward

the micaceous sandstone unit.

Plate 8.21 . ..o\t 307
View of the Wonga Tor covered by the NSO01 LR data in Plate 8.5.

Plate 8.22 . . . . . e 307
A low tor of Wonga Granite with no associated clay soil accumulations.

Plate 8.23 . . . . .. e e 308
A profile through the Hardway Granite at locality 7 showing the development of iron

oxides in the weathered surface. Hammer for scale.

Plate 8.24 . . . . . e 308
Taken from the high crags which characterise the southern mass of the Burstall

Granite, showing the contrast in relief compared to the Wonga Granite.

XXviii



Plate 8.25 . . . . . e e 308
The 50 m wide Lake View Dolerite forming a negative feature between two ridges

of Corella Formation, Tramline Dyke traverse.

Plate 8.26 . . . . . . . e 309
The Lime Creek Dolerite at locality 116, showing possible flow banding.

Plate 8.27 . . . . . . e 309
The Lime Creek Metabasalt at locality 120, with possible pillow structures.

Plate 8.28 . . . . . .. e e 309
The Cameron Fault (central depression) cutting the Argylla Formation (left) and the
Corella Formation (right), on the east limb of the Rosebud Syncline.

Plate 8.29 ... .............. e 310
The field assistant is on the Argylla Formation, debris from which covers the
Cameron Fault (field assistant’s arms) where it cuts the Rosebud Syncline.

Plate 8.30 . . . . . . e e 310
NSO001 data at 1:25 000 adjacent to the Greens Creek Fault. The detailed

interpretation shows a limb of Argylla Formation (Pea) enclosed within the Magna
Lynn Metabasalt (Pem) and repeatedly broken up by faulting. Colours as Plate 8.3.

Plate 8.31 . . . . . . . e e e 311
TM’s thermal infrared band over the Burstall Granite (1) and the Corella Formation

in the Mary Kathleen Syncline (2).
Plate 8.32 . . . . . . e 311

GMS visible and near-infrared data over the Mary Kathleen Syncline, showing the
open-pit (1) and associated shear (2). Colours as for Plate 8.16
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Cartography, the most aesthetically pleasing of the sciences, draws its power from the
greatest of man’s gifts - courage, the spirit of inquiry, artistic skill, man’s sense of
order and design, his understanding of natural laws, and his capacity for singular
journeys to the most distant places. They are the brightest attributes and they have made
maps one of the most luminous of man’s creations.

Paul Theroux, ’Mapping the World*‘, 1981.
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CHAPTER 1. INTRODUCTION
1.1 Background

Laboratory studies during the late nineteen sixties and early nineteen seventies showed
that minerals and other materials such as vegetation reflect, absorb and transmit
characteristic amounts of energy at particular wavelengths. This work, summarised in
Hunt (1977) and Hunt (1980) demonstrated that if the parameter reflectance is plotted
against wavelength, commonly between 0.4 um and 2.5 um, the resultant reflectance
spectrum can uniquely identify the minerals found in rocks and soils. Continued
research in the geological community has led to the U.S. Geological Survey recently
publishing a digital spectral library consisting of 414 fully documented reflectance
spectra from 182 different minerals (Clark et al, 1990b). A similar spectral library
containing the reflectance spectra of 160 common minerals has been published by Grove
et al (1992).

The utility of the parameter reflectance for geologists is increased by the fact that
spectroscopic measurements can be made remotely from an airborne or spaceborne
platform. Early remote sensing instruments performing spectroscopy, such as the
Landsat Multispectral Scanner (MSS), measure too few and too broad portions of the
electromagnetic spectrum for the data to be used to produce mineral specific spectra
(Goetz et al, 1983). These instruments can be used to discriminate between lithologies

but identification of a particular mineralogy is not possible (Podwysocki et al, 1983).

Refinements of such instruments have led to more measurements over narrower portions
of the electromagnetic spectrum, focused on wavelengths with known features. With
sensors such as the Landsat Thematic Mapper (TM) and the NS001 Airborne
Multispectral Scanner (NS001) information can be extracted from the data that allows
more than simple discrimination. Of the satellite borne sensors currently in operation
TM has the best spectral resolution. The spectral resolution remains too poor for the
identification of specific minerals, but areas of broad mineral groupings such as

"iron-oxides" and "clays" can be delineated (e.g. Sultan et al, 1986).
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During the last decade a number of airborne sensors have been developed which make
measurements over a sufficient number of narrow portions of the electromagnetic
spectrum for the production of reflectance spectra. Identification of minerals from such
remotely derived spectra has been demonstrated with the Airborne Visible/Near Infrared
Imaging Spectrometer (AVIRIS) (Carrere, 1990; Kruse, 1990a, 1990b), with the
Geoscan Mk.II Multispectral Scanner (GMS) (Huntington et al, 1990) and with other
similar sensors. Spectroscopy is the only analytical technique for identifjing minerals
which can be operated remotely. Remote sensing thus allows the remote discrimination
and identification of lithologies, mineral groups and minerals to be coupled with
delineation of their surface disposition over large areas, enabling geologists to improve
the accuracy with which geological problems are addressed more rapidly and at less

expense than is possible by conventional means (Huntington et al, 1989).

There have been many geological studies utilising satellite borne sensors such as TM,
of relatively low resolution, in arid areas such as Egypt (Sultan et al, 1986), Oman
(Rothery, 1987) and Spain (Crosta and Moore, 1989). This work with TM data has
focused solely on discrimination enhancing techniques such as principal component
analysis and band ratios. Huntington et al (1989) have made clear the need for the goal
of remote sensing to be identification. Studies with higher resolution data such as that
from the AVIRIS sensor, also in arid areas such as the western United States, achieve
this goal by analysing geological problems in terms of reflectance retrieved from the
data (Kruse, 1990a, 1990b; Green, 1990; Hook, 1990). Whilst identification of specific
minerals may not be possible with TM data, the processing of this lower resolution data

with aims other than discrimination is yet to be fully investigated.

Studies in arid areas include work on lithological mapping (e.g. Rothery, 1987) and
mineral exploration (e.g. Hook, 1990). Vegetation is sparse and weathering often
minimal, so that conditions are ideal for geological remote sensing. Less work has been
done in semi-arid areas with more extensive weathering (Drury and Hunt, 1988). Where
vegetation is more extensive, the emphasis has been on mineral exploration and, in
particular, the detection of anomalous spectral responses rather than detailed lithological
mapping (Fraser et al, 1986; Hook, 1989). The need for studies in vegetated and

weathered environments which are less well-exposed is stated in Huntington et al



(1989). In the prime exploration area of NW Queensland there is a need to extend the
application of remotely sensed data beyond localised mineral exploration to the sort of
lithological mapping previously restricted to arid areas. The surface materials must be
related to the solid geology, taking account of weathering, erosion and transport (Drury
and Hunt, 1988), as well as any obscuring vegetation cover (Fraser and Green, 1987).
The variety of natural surfaces encountered in geological studies means that spectral
data must continue to be added to the available libraries, especially from less
understood environments. Huntington (1984) noted a lack of reference in the literature
to the reflectance in the short wave infrared of the calc-silicates, smectites and
amphibole rich rocks typical of the Mt.Isa region of NW Queensland and stated the

need for further research with high resolution data sets in this area.

Remotely sensed data contain the geologically useful parameter reflectance, but it is
modified by the irradiance of the source, the transmittance along the atmospheric path,
the albedo and radiance of the surface under study, the atmospheric path radiance and
the gains, offsets and noise introduced at the sensor (Drury, 1987; Mather, 1987).
Processes for the removal of each of these complicating factors and the production of
reflectance spectra from airborne data are being developed and implemented on higher
resolution data sets (e.g. Green and Craig, 1985; Crippen, 1987; Green, 1990) and
require further evaluation for a variety of data types and environments. If the spectral
information content of TM and NS001 data is also investigated using techniques which
produce reflectance, reflectance data with a variety of spectral resolutions, acquired
from a variety of remote sensing platforms, can be compared, preferably over the same

field area, and the data requirements of geologists defined.

Previous studies using GMS data in semi-arid Australian environments, such as that by
Derriman and Agar (1990), have not attempted to fully exploit the spectral resolution
of the data, using only techniques such as band ratios and band differences in an
exploration context. Huntington et al (1990) applied the techniques of Green and Craig
(1985) to a GMS data set from Cuprite, Nevada, an arid part of the western United
States, and outlined the need for studies retrieving reflectance from GMS data in less
arid Australian test sites. Lyon and Honey (1989) used linear regression methods to

produce "apparent” reflectance from GMS data with some success. Windeler and Lyon



(1991) calibrated GMS data by deriving offsets from the reflectance of laboratory
spectra, but did not attempt to remove other factors such as gains and multiplicative
atmospheric effects. This calibration, whilst simple and quick, is described by the
authors as rudimentary and the values obtained for comparison to laboratory reflectance
spectra are consistently too high in the visible. Few studies have been published which
follow the approach of Green and Craig (op. cit.) and Huntington et al (op. cit.) with

GMS data in a semi-arid Australian environment.

The effects of spatial resolution on geological mapping have received little attention.
Abrams and Brown (1985) investigated the effects of spatial resolution on the scale at
which objects can be identified in imagery and suggested that further work is required.
Changes in spatial resolution also have implications for the effective spectral resolution
(Barnsley and Kay, 1990) which should be investigated. This also requires the study of
a variety of data sets collected over the same area and processed in the same way. Such
a variety of data sets are likely to exist in exploration environments but the amount of
use a particular data type is put to depends not only on its success in mapping but also
the extent of any processing it requires to be operational. Mineral exploration relies
increasingly on the combination of different data sets (Harding and Forrest, 1988) and
methodologies for the integration of different types of data from different sensors are
only beginning to be explored (Green and Craig, 1984; Chavez et al, 1991;

Fernandez-Alonso and Tahon, 1991) and require further investigation.

1.2 Objective and specific aims of the study

The primary objective of this study is to assess the utility of a variety of remotely
sensed data for improving and refining the process of geological mapping in the
important mineral exploration area of NW Queensland.

Within this objective, there are several related aims:

1. To keep the physical meaning of the data central to the analysis at all stages.



2. To compare the ease with which data from each sensor can have problems of
geometry and noise removed, and thus assess the operational use of the data for

geologists.

3. To compare the spatial resolutions of satellite and airborne multispectral
sensors and define the scale at which different data sets make the maximum

contribution to the understanding of geological problems.

4. To explore the effect of spectral resolution on lithological discrimination and

geological analysis.

S. To understand the complicating effects of the atmosphere and vegetation cover,
and the processes of weathering, erosion and transport in a semi-arid

environment.

6. To explore methodologies for the retrieval of the physically meaningful
parameter reflectance, which can be interpreted with a sound geological basis,

from all the radiance data sets.

7. To establish which of the processing techniques rapidly produce useful

geological information and from which data sets.

8. To explore the benefits of the integrated study of several types of data for

geological mapping.
1.3 Choice of field area

The field area covers 900 km? and is located 60 km east of Mt. Isa in NW Queensland,
centred on the Mary Kathleen uranium and rare-earth open pit mine. It straddles the
MARY KATHLEEN and MARRABA 1:100 000 geological map sheets. The following
information on geology, climate, vegetation and physiography is taken from Derrick et

al (1977). The area is suitable for the study for the following reasons:



1. A large number and variety of remotely sensed data sets are available which

cover the region.

This allows the role of scale, spatial and spectral resolution, as well as sensor and
platform type, to be investigated. The application of data processing techniques to
different types of data provides an opportunity to assess the techniques’ consistency and
wider application. The contribution of data integration to successful geological mapping

with remotely sensed data can be studied.

2. The geology is varied, including a Proterozoic crystalline basement, flanked by
Carpentarian metasediments and metavolcanics and intruded throughout by
acidic and basic igneous rocks. There is significant uranium, rare earth and base
metal mineralisation in the area, which is deformed by major NE-SW faults and

N-S fold structures.

The variety of geology means that the area is suited to the study of geological mapping

by remote sensing, while the extensive mineralisation provides an economic incentive

for the mapping to be improved.

3. Whilst parts of the area are mapped in detail at scales up to 1:10 000,
particularly in the vicinity of the Mary Kathleen mine, much of it is mapped by
traverses and air photograph interpretation alone at a scale of 1:100 000.

These differing levels of existing mapping provide an opportunity to assess the
contribution remote sensing can make at a variety of scales. Many aspects of the area’s
geology are in dispute and there are thus specific geological reasons for further work

in the area.

4. Though the area is reasonably remote, access is possible to all but the most

rugged and isolated parts using a four wheel drive vehicle.

Remote sensing is of particular use where conventional mapping is difficult, but access

is still possible to provide ground truth.



5. Vegetation cover consists of spinifex grasses, acacia scrub and low, stunted
eucalypt trees. Larger river gums, ti-trees and pasture grasses cluster in the

normally dry creeks.

Rainfall is 430 mm/year, making the region semi-arid, and 90 % falls between
November and March as a result of monsoonal activity. Vegetation is thus greater than
in some arid regions previously studied providing an opportunity to study the problems
it causes. It is not so extensive, however, as to pose insurmountable problems for
geological remote sensing. The typical amount and type of vegetation on outcrops is

shown in Plate 1.1 while Plate 1.2 shows the increased vegetation found in creeks.

6. Exposure varies from poor to excellent, relief varies from minimal to
moderately rugged. Weathering has continued since Precambrian times and is
extensive, but not to the point where laterite development obscures the

underlying geology.

The area includes immaturely dissected plateaux, ridges, high plains and maturely
dissected hill country. The variety of relief means that problems caused by erosion and
transport of weathered material can be addressed. In places the weathered material

relates directly to the outcrop below, but elsewhere the relationship is more

complicated.

The field area was visited twice, for a month in 1989 and six weeks in 1990. Work was
concentrated on known problem areas identified through the work of others in the area,
and through study of the remotely sensed data prior to the field season. Traversing and
sampling made up the bulk of the mapping, though some areas were mapped in more
detail where appropriate. As well as hard copy of the processed remotely sensed data,
1:25 000 colour stereo air photographs were used for location purposes and as a map
base. The samples taken have been analysed in the laboratory by X-Ray Diffraction
(XRD) and reflectance spectroscopy using an Infrared Intelligent Spectroradiometer

(IRIS).



1.4 Data types utilised

The remotely sensed data used in this study are of two types, those involving a measure
of radiance and those which are a measure of gamma radiation. Whilst in many ways
complementary, the two types of data require different approaches to correction and
enhancement and will be described separately. The Landsat TM, NS001 and GMS data
are all radiance data, form the bulk of the study, and will be discussed in chapters 3,
4, 5 and 6. The Airborne Gamma Radiometric (AGR) data form a lesser part of the

study, and will be discussed in chapters 3 and 6.

1.4.1 The TM data

The Landsat TM data are the lowest spatial and spectral resolution radiance data used
in this study, but have the largest areal coverage. They were acquired by the Landsat
5 satellite, part of a series developed since the early 1970s by the US National
Aeronautics and Space Administration (NASA) and subsequently operated by the Earth
Observation Satellite Corporation (EOSAT). This carries several instruments, including
that of concern here, the Thematic Mapper. The data studied here are from Path 99
Row 74 acquired on 16th of March 1987 and were made available for this study by the
Commonwealth Scientific Industrial Research Organisation of Australia (CSIRO). The
TM data set has received the most attention in this study, as it was available from the

outset and TM data are widely available to geologists with almost universal coverage.

1.4.2 The NS001 data

The NSOO1 data set has higher spatial resolution than the TM data, but has similar
spectral resolution and a smaller areal coverage. It is derived from three overlapping
flight lines within the boundaries of the TM subscene, acquired as part of the
US/Australia Joint Scanner Project carried out in 1985 by NASA and CSIRO. The
plane carried several instruments including the NSOO1 airborne multispectral scanner
and was flown in the Mary Kathleen area on October 15th 1985. The flight lines studied
here were made available by CSIRO.




1.4.3 The GMS data

The GMS data have higher spatial and spectral resolution than TM data. Though each
flight line has a smaller areal coverage than TM, taken together they cover the majority
of the study area. Of eight overlapping flight lines three are within the boundaries of
the TM subscene and two of these are studied here. They were acquired in 1989 by
Geoscan Pty Ltd, who have made them available for this study. As this data set was
only made available in the final year of the study it has not been analysed in the same

depth as the TM and NS001 data.

1.4.4 The AGR data

The AGR data set has lower spatial resolution than the TM data set, covers the whole
of the study area and consists of gridded flight lines which go well beyond the
boundaries of the TM subscene. It was made available for this study by the Canberra

office of CRAE Pty. Ltd.

1.5 Approach taken and thesis structure

For the study as a whole the approach was to:

1. Investigate what is known of the geology of the area.

This was done through study of the literature, discussions with geologists who have

worked in the area and study of available maps, as discussed in chapter 2.

2. Understand the operation of the instruments and the physics behind the data they

produce.

In chapter 3 details are given of the data types studied and the sensors that acquired the
data. The physical basis for remote sensing is explained. Decisions are then made
concerning the data processing techniques necessary and the order in which they should

be implemented.




3. Perform any data processing necessary to highlight and extract the geological

information content of the radiance data.

Chapter 4 concerns the removal of those features of the data, identified in chapter 3,
purely related to the sensor itself and the atmosphere between it and the surface under
study. These include noise, gains and offsets and the additive atmospheric path

radiance. The aim was to reduce the data to ground radiance.

Chapter 5 discusses further processing of the data aimed at highlighting the geological
component of the ground radiance. The processes discussed are principal component
analysis, band ratioing, least squares fit residuals and logarithmic residuals, applied

with the aim of reducing the data to reflectance.

4. Investigate the complementary nature of the radiance and gamma radiometric
data and methods for their integration, including geometric correction of the

remotely sensed data.

Chapter 6 includes the details of geometrically correcting each of the radiance data sets
and an assessment of the geological advantages of doing so. Processing of the AGR data

is discussed as well as their integration with the TM data.
5. Use all the available data to address the geological problems of the field area.

Chapter 7 examines the problems involved in applying the remotely sensed data to
geological mapping. The results of fieldwork and the laboratory analysis of field
samples by both IRIS and XRD are discussed.

Chapter 8 is a geological analysis of the remotely sensed data and addresses the

geological problems identified in chapter 2.

6. Propose revisions to geological maps for the area and draw conclusions

concerning the aims of the study.
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Chapter 9 summarises the findings of the study and draws conclusions about the data
studied, the processing techniques used on those data and geological mapping using

remotely sensed data in this field area, as well as any other points which have arisen.

The timing of visits to the study area dictated that the data sets be studied sequentially.
Thus the study commenced with detailed work on the TM data and introductory study
of the AGR data, after which these two data sets were taken into the field. Detailed
study of the NS00I data followed, along with the integration of the TM and AGR data
and the second field season. Work on the GMS data only occurred at the end of the
study when that data set became available. This sequential study of data sets, illustrated
in Figure 1.1, leads to problems being re-addressed in progressively greater detail and

the cumulative build up of findings.
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CONCLUSIONS AND RECOMMENDATIONS

Figure 1.1 The way the approach taken in this study relates to the thesis structure. Flow
arrows show the work sequence, with stages outlined as single line boxes. The double
line boxes and chapter numbers show where these stages are reported in the thesis.
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CHAPTER 2. THE GEOLOGY OF THE STUDY AREA
2.1 Introduction

Later chapters describe the nature of the remotely sensed data acquired over the Mary
Kathleen area and various processing techniques which can be used to highlight the
geological information contained in the data. Before the processed data are used to
address the problem of improving geological mapping in the area, it is necessary to
detail the existing level of geological knowledge and this is done in section 2.2. Except
where others are referenced, the geology of the area is described as it appears in the
memoir which accompanies the 1:100 000 geological map MARY KATHLEEN
(Derrick et al, 1977). Further general information, particularly on the regional geology
and the age of some lithologies, is taken from Day et al (1983). Specific detail on the

area around the Mary Kathleen uranium mine is derived from Scott and Scott (1985).

The geological outline making up the first part of this chapter forms a useful framework
in which various controversial aspects of the area’s geology can be addressed with the
remotely sensed data. A series of studies question aspects of the published geological
maps, and their interpretation, and these form the basis for section 2.8. These studies,
alongside discussions with geologists working in the area, define a series of problems
to be addressed with the remotely sensed data. In addition to producing new maps
which add to or contradict the old ones, the study is thus guided by the previous

geological work and considers practical problems.

2.2 Regional geological setting

All the rocks under study are Precambrian and form part of the Cloncurry Complex,
a stfucturally complicated mass of diverse igneous and metamorphic rocks within the
Mt. Isa Inlier in NW Queensland. The Inlier consists of an Early Proterozoic to
Carpentarian (pre-1800 m.y.) basement high, the Kalkadoon and Leichhardt Block. This
block is aligned N-S and is flanked to east and west by N-S aligned basins as shown in
Figure 2.1. The basins contain a Carpentarian (1800-1400 m.y.) metasedimentary and

metavolcanic sequence, intruded by a variety of igneous rocks, termed the Eastern and
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Western Successions respectively. The study area, shown in Figure 2.1, is dominated
by the Eastern Succession. A fault-bounded upthrust block of the Early Proterozoic to
Carpentarian basement (the Blockade Block), consisting of metamorphosed plutonic and
volcanic rocks with some intercalated sediments, occurs in the west. The Western

Succession is not represented in the study area.
2.3 Stratigraphy

The stratigraphic column for the area is summarised in Figure 2.2. and the basic
geology in Figure 2.3. The basement is represented in the Blockade Block by the
Tewinga Group, which is intruded by the Kalkadoon and Wonga Granites. The Malbon
Group lies unconformably on the basement sequence in the extreme southeast of the
area. The Mary Kathleen Group, which is the most widespread lithology in the area,
lies unconformably on both the Tewinga Group and the Malbon Group. In the west of
the area the Mount Albert Group completes the sequence, and is conformable or locally
unconformable on the Mary Kathleen Group. The sequence is intruded by the Hardway
and Burstall Granites, the Tommy Creek Microgranite and the Lunch Creek Gabbro,
as well as numerous dolerite dykes at five different stratigraphic levels. The whole is

subject to varying degrees of faulting, folding, metamorphism and mineralisation.

2.3.1 Tewinga Group

The oldest rocks exposed in the area are the Leichhardt Metamorphics (Pel). They
consist of the metamorphosed equivalents of rhyolite and rhyodacite flows and sills and
possibly ash-flows and their mineralogy is dominated by quartz, plagioclase, potassium
feldspar and biotite. In the field area the Blockade Block is restricted to the western
margin, the Leichhardt Metamorphics are not widely represented and thus were not
sampled. The Kalkadoon Granite (Pgk) is dated between 1930 and 1785 m.y. and
intrudes the Leichhardt Metamorphics, together with dolerite dykes (do,). The outcrop

of the granite, however, is just to the west of the field area.

The Magna Lynn Metabasalt (Pem) is disconformable on the Leichhardt Metamorphics

and consists of massive and amygdaloidal metabasalt with intercalated minor tuff,

15




epidosite, quartzite, siltstone and amphibolite. The metabasalt contains pillow structures
and has copper mineralisation as chalcopyrite and malachite, filling amygdales,
associated with faulting. Shallow marine - subaerial extrusion in a N-S trough is
inferred and the uniform thickness of the unit suggests extrusion from a fissure. The
Magna Lynn Metabasalt outcrops in the west of the field area and has been sampled in

several places. It is seen in Plate 2.1.

Conformably overlying the Magna Lynn Metabasalt is the Argylla Formation (Pea)
which has been sampled in a number of places. It consists of a series of rhyolite lavas,
ignimbrites, tuffs, granite metaporphyry sills and dykes with minor beds of
conglomerate, quartzite and metasiltstone. The rhyolite which dominates this formation
is quartz and potassium feldspar rich and is shown in Plate 2.2. The base of the Argylla
Formation is defined as the first acid flow above the Magna Lynn Metabasalt. An
extrusive origin for the rhyolites is inferred by the intercalated sediments. The
environment was probably shallow marine or subaerial. The Argylla Formation is
intruded by dolerites (do,) and the Wonga Granite (Pgw). The latter is dated between

1738 and 1665 m.y. and gives a minimum age for the formation.

2.3.2 Malbon Group

The Cone Creek Metabasalt (Pnc) is the only member of the Marraba Volcanics to
occur in the field area. In the extreme southeast it lies conformably on the Tewinga
Group and consists of metabasalt with intercalated sediments. It is overlain by the
Mitakoodi Quartzite (Pnm), a medium grained cross-bedded sandstone with finer
sandstone and siltstone which includes the Wakeful Metabasalt (Pnm,). Outcrop in the
field area is limited and these rocks have not been sampled. They may be lateral facies

equivalents of the more widely developed Mary Kathleen Group.
2.3.3 Mary Kathleen Group
The base of this group is marked by the Ballara Quartzite (Pkb) which appears

unconformably above the Argylla Formation in the west of the field area. At the base

of the Ballara Quartzite a discontinuous lenticular conglomerate containing clasts of the
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Argylla Formation is found in places (Pkb,). The majority of the formation (Pkb,)
consists of coarse to medium grained quartzite with minor limestone and metabasalt.
The formation thins eastward. It has been sampled in a number of localities and usually
_forms resistant ridge tops as shown in Plate 2.3. The top of the unit is marked by the
first substantial calcareous sediments, which are assigned to the Corella Formation
(Pkc). The Ballara Quartzite passes conformably into the Corella Formation and no

time gap is envisaged.

According to Derrick et al (1977) the Corella Formation is "of special interest because
of its diversity of carbonate, pelitic, and psammitic rock types, and the presence of
uncommon metamorphic mineral assemblages”. Examples of the lithologies represented
are shown in Plate 2.4. The status of this formatidn is one of the most contentious
issues in the area, as will be discussed in section 2.8. This formation occurs throughout
the field area and is the most widely sampled in this study. Broadly speaking, in the
east it is calcareous and carbonaceous, while in the west it is more pelitic and
arenaceous and less structurally complex. There are, however, representatives of all the
following lithologies in all the Corella sequences mapped in the area: calc-silicate
granofels (a textural term which describes granoblastic metamorphic rocks without a
distinct lineation or foliation), metasiltstone, metashale, feldspathic quartzite, limestone,
‘marble, slate, pelitic schist, amphibolite, metabasalt (e.g Lime Creek Metabasalt, Pkl),
tuff, micaceous sandstone and marl. The formation is divided into three members based
on a type section in the northeast of this field area. The lower member (Pke,) and the
upper member (Pke,;) mainly consist of granofels, limestone, marble and slate. The
middle member (Pkc,) is far less calcareous and includes many more pelites, quartzites
and arenites than both Pkc, and Pke,. Representatives of most lithologies are found in
each member however, and abrupt sedimentary facies changes are common. It is

difficult to recognise the three members in many outliers and even in the type section.

Member Pke, in the Mary Kathleen Mine area is further divided into three units by
Scott and Scott (1985). The lower unit is mafic and contains calc-silicates, schists,
‘granofels and amphibolite. The middle unit is felsic and consists of calc-silicates, minor
quartzite and marble. The upper unit, or mine sequence, is characterised by quartzite,

felsic and mafic calc-silicates, diorite and conglomerate. This more detailed sequence
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is the result of mapping over 10 years and of the mine drilling programme. It is

unlikely to be recognised elsewhere without a similarly detailed study.

The scapolite found widely throughout the Corella Formation is interpreted by Ramsey
and Davidson (1970) as replacement of original evaporitic halite in the marls and
shales. In the southeast of the area the Overhang Jaspilite (Pkj) outcrops. It is thought
to be a lateral facies equivalent of Pke,; and may be of organic origin. Many of the units
in the Corella Formation are finely laminated but lack other sedimentary structures.
Deposition of the group, therefore, probably took place in a near-shore evaporitic
carbonate shelf environment. The Ballara Quartzite formed during the original marine
transgression onto the basement. The more quartzitic and arenaceous member of the

Corella Formation, Pke,, may represent a further regression-transgression event.

The Burstall (Pgb) and Hardway Granites (Pgh), the Tommy Creek Microgranite (Pgt),
the Lunch Creek Gabbro (Pbk) and numerous dolerite dykes (do, do;, do,, doy) intrude
the Mary Kathleen Group.

2.3.4 Mount Albert Group

In the west of the area the Deighton Quartzite (Ppd) is unconformable on the Corella
Formation in several large discrete masses. These form high, steep-sided, deeply
dissected plateaux with little soil and sparse stunted vegetation. Fine grained siltstone
and shale grade upwards into coarser feldspathic quartzite with lenses of calcareous and
pyritic siltstone. Parts of the quartzite are highly feldspathic and weather to white,
friable, kaolinitic sandstone. There are cross-beds, slump structures, mud-cracks and
rain marks, all of which suggest a shallow subaqueous environment with some
emergence. Palaeocurrent directions suggest this is a fluviatile sand deposit. The White
Blow Formation (Ppw) is conformable, or locally unconformable, on the Deighton
Quartzite in restricted basins. It consists of schist, phyllite and limestone but the field

area contains no good exposures of this rock type.
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The igneous rocks which intrude the Mary Kathleen Group are also thought to postdate
the Mount Albert Group, but dating of many of these intrusives is contentious, as will

be discussed in section 2.8.

2.3.5 Intrusives

The oldest granite exposed in the field area is the Wonga Granite (Pgw) which forms
an elongate N-S belt characterised by a low plain in which the granite outcrops as small
tors, such as that shown in Plate 2.5. The granite intrudes the Argylla Formation
throughout the centre of the field area. The main lithology is grey, medium to coarse
foliated granite, but there are many inhomogeneities including microgranite plugs and
dykes, syenogranite, monzogranite and aplite, mafic pods and numerous dolerite and
amphibolite dykes (Plate 2.6). The granite has a high K content, and the mineralogy is
dominated by potassium feldspar, quartz, plagioclase, biotite and amphibole. It is
strongly deformed, causing the foliation illustrated in Plate 2.7 and its relationship to
the Corella Formation is not known as they are not seen in contact. The memoir
indicates that the Wonga Granite postdates the Argylla Formation but precedes the
Malbon and Mary Kathleen Groups. Age determinations range from 1665-1738 m.y.

but its age is not accurately known.

The other important granite exposed widely in the area is the Burstall Granite (Pgb),
which is thought to be associated with the uranium-rare earth mineralisation at Mary
Kathleen. It forms two conspicuous masses in the central part of the field area with high
ground, steep slopes and extensive rugged outcrop, as seen in Plate 2.8. The main
lithologies are massive, coarse- to medium-grained granite and leucogranite. There are
few inhomogeneities in the granite and dolerite dykes are less numerous in comparison
to the Wonga Granite; the Burstall Granite is also far less deformed. The mineralogy
is similar to that of the Wonga Granite, being dominated by potassium feldspar, quartz,
plagioclase, biotite and hornblende. The granite is seen to intrude the Corella Formation
and the Lunch Creek Gabbro and the memoir places it at the top of the stratigraphic

column. A date of 1740 m.y. obtained from U-Pb dating of zircons may be too old.
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The Hardway Granite (Pgh) also outcrops in three masses on the western edge of the
field area. These probably formed one large mass before being split by dextral
displacements during the extensive strike-slip faulting which has affected the area. The
terrain over this granite has similarities in places with both the Wonga and the Burstall
Granite. The majority of the granite is coarse grained, though there is also medium
grained tonalite. Deformation is less extensive than for the Wonga Granite and the
mineralogy is dominated by quartz, microcline, plagioclase and biotite (Plate 2.9). The
Hardway Granite intrudes the Tewinga Group, is dated at 1668 m.y. and may thus be
a separate igneous body. Alternatively it may represent the Wonga Granite to the west
of the main mass, where deformation was less extensive. It is also reported to intrude
the Corella Formation, however, and may thus be similar in age to the Burstall Granite.

All three of these granites have been extensively sampled.

In the inaccessible northeast of the area a small part of the Tommy Creek Microgranite
(Pgt) is exposed. It is formed from a leucocratic microgranite and porphyritic rhyolite,
is dated at 1607 m.y. and intrudes the Corella Formation. The MARRABA map
suggests that the Tommy Creek Microgranite is similar in age to the Burstall Granite.

It has not been sampled.

Basic intrusives are represented in the area by numerous dolerite dykes and by the
Lunch Creek Gabbro (Pbk). The latter is a coarse grained, weakly layered elongate
tholeiitic intrusion intimately associated with the Burstall Granite. The intrusion is
dominantly an olivine-pyroxene gabbro with minor diorite and tonalite and contains
olivine, orthopyroxene, clinopyroxene, plagioclase and biotite. It intrudes the Corella

Formation, is dated at around 1740 m.y. and is intruded by the Burstall Granite.

Five periods of dolerite intrusion occur in the area (do;, do,, dos;, do,, do).
Metadolerite dykes are ubiquitous in the basement and form a north-trending
anastomosing network. They consist of biotite schist, biotite amphibolite and
amphibolitised dolerite and are dominantly mapped as undifferentiated do. All five ages
of dolerite intrusion are probably represented. The Wonga and Hardway Granites are
intruded by N and NE trending metadolerites. Some may be contemporaneous with the

granites but most are later and are mapped as undifferentiated do. Far fewer dolerite
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dykes intrude the Burstall Granite but one, the northeast trending Lake View Dolerite,
clearly postdates the granite, being almost unmetamorphosed. It is the youngest dolerite

found in the area (dog), and is dated at 1140 m.y..

The Eastern Succession does not contain representatives of do, or do,. Dyking is
relatively scarce compared to the basement, which may be due to the metasedimentary
sequence being poorly jointed and fractured. In the dykes which are present the NE
trend remains strong. Rocks up to and including the Mary Kathleen Group are intruded
by do;, do, and dos. Important examples include metadolerite and amphibolite sills in
the cores of the Rosebud and Little Beauty Synclines and an unnamed metadolerite dyke
which runs NE from Lake Corella through the Corella Formation and is conspicuous
in the TM imagery (do;). This is termed the Lake Corella Dolerite, for the purposes
of this study, and is shown in Plate 2.10. The dykes all stop at the top of the Mary
Kathleen Group. This may be because they exploit older pre-existing fractures which
do not penetrate the Mount Albert Group, or more likely because the final period of
dyking predates deposition of the Deighton Quartzite and the White Blow Formation.

2.4 Metamorphism

Throughout the basement and the Eastern Succession the metamorphic grade ranges
from lower greenschist (quartz - biotite - chlorite - scapolite) to upper greenschist
(garnet - tremolite - actinolite - biotite) facies although locally within the Eastern
Succession amphibolite facies is reached. In pelites this is marked by the appearance
of cordierite and staurolite in association with andalusite. In Ca-rich lithologies diopside
replaces tremolite, and andesine and hornblende develop in basic rocks. Two other
important assemblages in the metasediments are anthophyllite - cordierite and andalusite

- kyanite - sillimanite.

The greenschist facies metamorphism is associated with folding during regional
deformation between 1600 and 1450 m.y.. Low pressure, high temperature thermal
metamorphism is found in rocks adjacent to granite intrusions and is characterised by

the presence of sillimanite. During faulting, the last stage of metamorphism in the area,
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temperatures were still high enough for retrogressive growth of kyanite porphyroblasts

with chlorite and muscovite along and near faults.
2.5 Structure

The Kalkadoon-Leichhardt Block is broadly anticlinal and is underlain by granite. The
earliest D, structures are N-S normal or high-angle reverse faults with an associated
north trending, steeply dipping foliation. NE and NW conjugate fractures are found
representing dextral and sinistral movement respectively. These are related to E-W
compression. All these fault structures are also seen in the Eastern Succession, but are
complicated by later structures. D, deformation is thought to be related to the first
phase of deformation in the area. This involved the isostatic uplift of the basement

block in response to the sedimentation which occurred on its flanks in the Eastern and

Western Successions.

The most conspicuous structures in the Eastern Succession are D, folds and D, faults.
The synclinal troughs which lie to east and west of the basement high have been
exaggerated by E-W compression to form major synclines with N-S axes. In the field
area these are represented by the Little Beauty, Rosebud and Mary Kathleen Synclines.
The discrete masses of the Deighton Quartzite in the west of the field area are also in
synclinal troughs. The synclines are separated by broadly anticlinal masses of granite
(Pgw and Pgb). There has also been some gentle cross-folding on E-W axes which
causes the axes of the major N-S folds to plunge to N and S. This is anticlinal between
the Little Beauty and Rosebud Synclines, and synclinal between the separate masses of
the Deighton Quartzite. Minor folding, often very complex, occurs adjacent to faults.
These D, structures are related to the beginning of the second major phase of
deformation. Increasing E-W compression, related to the close of the basin in which the
Eastern Succession was deposited, caused N-S folds and regional metamorphism and
was accompanied by granite intrusion. Late granite intrusion was accompanied by

thermal metamorphism, overprinting the regional effects.

The D, structures are major NE trending and less well developed NW trending

conjugate strike-slip faults. Displacement on the NE trending faults is large. In the field
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area dextral movement is recorded for the Wonga Fault (3 km), the Cameron Fault (up
to 2 km) and the Fountain Range Fault (up to 25 km). The best developed NW trending
structure in the field area, the Greens Creek Fault, has sinistral displacement of less
than 1 km. These major D strike-slip faults represent further E-W compression during

the closing stages of the second deformational phase.

2.6 Mineralisation

Copper mineralisation is very widespread with the only lithologies free from Cu-
mineralisation being the Lunch Creek Gabbro, the Deighton Quartzite and the White
Blow Formation. Most of the mineralisation is stratabound, although some is
igneous-related, and all involves a degree of structural control. There is a concentrated
zone of mineralisation in the upper Argylla Formation, probably related to the volcanic
activity at that time. A second zone of extensive mineralisation occurs in the lower to
middle Corella Formation and is exploited in numerous small operations such as that
shown in Plate 2.11. This is related either to erosion of a crystalline source with
deposition in restricted basins and concentration by diagenesis and metamorphism, or
to circulating fluids within the sedimentary pile. Gold, silver and nickel are recovered
as by-products of the smelting of the Cu ores and calcite is mined for smelting flux
from larger, coarse grained lenses and veins within the Corella Formation. Trace
elements suggest the calcium was mobilised from the calc-silicates by hot fluids during

metamorphism and dyking.

Uranium, thorium and rare-earth elements were mined from the Corella Formation,
at Mary Kathleen, until 1985 and there are many other radioactive anomalies in the
area. The mineralisation occurs as uraninite enclosed by allanite, honeycombed through
garnet-rich sediments. It is closely associated with the Mary Kathleen shear, the Burstall
Granite intrusion, related acidic dykes which extend from the granite to within 400 m
of the orebody and dioritic rocks along-strike. The genesis of this major orebody,

shown in Plate 2.12, is still in dispute and will be discussed in section 2.8.

Quartz occurs along fault planes and iron staining is ubiquitous but, although

magnetite accompanies Cu-mineralisation, there are no economic deposits in the area.
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Many other minerals occur in quantities or qualities of little economic potential. These

include kyanite, garnet, fluorite and staurolite.
2.7 Synthesis

Starting possibly before 1930 m.y., acid volcanics of the Leichhardt Metamorphics
were extruded onto an old land surface which is no longer exposed. Granite
emplacement accompanied this activity and the Kalkadoon Granite may represent the
source magma for these volcanic rocks. The do, dolerites were also intruded at this
time. Volcanism became basic with the extrusion of basalt sheets some of which may
be sub-marine as implied by the presence of pillow structures in the Magna Lynn
Metabasalt. A return to acidic volcanism is accompanied by an increase in the volume
of sediments in the Argylla Formation particularly in the east, suggesting marine
conditions became more widespread and that volcanism became more intermittent.
Intrusion of the Wonga and Hardway Granites and do, dolerites may have commenced
at this time and 1740 m.y. is the maximum age for granite intrusion. The period ended
with uplift of the basement block by normal faulting dated at 1700 m.y., accompanied

by the formation of basins to east and west.

The onset of sedimentation in the eastern basin is marked by local basal conglomerates
and the accumulation of near shore and shallow shelf sediments of the Ballara and
Mitakoodi Quartzites. Carbonate rocks may have been deposited further into the basin
at the same time. Deepening of the basin or marine transgression is marked by an
increase in these carbonate and pelitic sediments seen in the Corella Formation.

Quartzite/carbonate variations may represent ?local transgression and regression.

Renewed uplift of the basement led to erosion of all previous rocks and further faulting,
accompanied by intrusion of the do, dolerites. On the Corella land surface a river
system led to deposition of the fluviatile or estuarine fan sands of the Deighton
Quartzite. Minor transgression formed restricted basins on this land surface in which
the calcareous and argillaceous sediments of the White Blow Formation accumulated.
Further uplift of the basement and the Eastern Succession led to the end of

sedimentation. The eastern basin closed with E-W compression causing folding,
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regional metamorphism dated at 1550 m.y., intrusion of the Lunch Creek Gabbro and
do, dolerite, further granite intrusion (Burstall, 7Hardway) and strike-slip faulting. A
post-metamorphic dog dyke is dated at 1140 m.y., by which time tectonic activity had

largely ceased. The entire area has been uplifted and eroded since Precambrian times.

2.8 Problems to be addressed

It is clear from the above outline, from the literature and from discussions with
geologists working in the area that several aspects of the area’s geology remain
contentious. The relationships and ages of the various granites are yet to be clearly
established. Some authors question the presence of major structures, or propose the
existence of ones which do not appear on the maps. The cause of the uranium-rare earth
mineralisation at Mary Kathleen is still debated. Many units mapped as intrusive

dolerites may in fact be extrusive lithologies.

The most common problem relates to correctly establishing the stratigraphy, which has
proved difficult for the Argylla Formation, Corella Formation and Mount Albert Group
in particular. Stratigraphic correlations are complicated by repetitions of similar
lithologies, intrusions, folding, faulting, metamorphism and the scarcity of reliable
isotopic age data (Blake, 1980). For example, quartzites occur in the Argylla
Formation, the Ballara Quartzite, the Corella Formation, the Malbon Group and the
Mount Albert Group and are, according to Blake (ibid.), "notoriously difficult to
distinguish". As two of these lithologies, the Argylla and Corella Formations, contain
significant mineralisation at certain stratigraphic levels it is an economic exploration
imperative to improve the stratigraphy. In particular, whilst the stratigraphy at some
localities is well known one of the major problems is fitting outliers of the same
lithology into this framework. The improved mapping which the remotely sensed data
may afford presents an opportunity to contribute to the solution of these stratigraphic

problems, and may have a direct bearing on the discovery of new orebodies.
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2.8.1 Stratigraphic problems of the Argylla Formation

The Argylla Formation cannot be distinguished from the older Leichhardt Metamorphics
in the Rosebud area in the opinion of Ramsey and Davidson (1970). Within the Argylla
Formation no consistent stratigraphic relations can be found for individual members
(Derrick et al, 1977). Holcombe and Fraser (1979) attempted to map out some of the
individual units within this formation and proposed that east of the Wonga Granite units
mapped as Argylla Formation may be much younger and equate with the Corella
Formation. This possibility has also been raised by Blake (personal communication).
The top of the formation is a further matter of dispute. In Blake (1980) the Argylla
Formation is envisaged as passing into the Ballara Quartzite of the Mary Kathleen
Group without a significant break. Evidence is given in Derrick et al (1977), however,
that the Ballara Quartzite is derived from erosion of the Argylla Formation and that

there is thus a significant unconformity between the two.
2.8.2 Stratigraphic problems of the Corella Formation

The debate about the Corella Formation began with Blake (1980), who observed that
the sequences mapped as Corella Formation in the Wonga Granite area are thicker and
the rocks more varied, deformed and metamorphosed than those to the east and west
of the Wonga belt. He also observed concordant contacts between the Ballara Quartzite
and the Argylla Formation in the Wonga belt. Blake (ibid.) thus proposed that the rocks
in the Wonga belt belong to an older sequence more properly equated with the basement
rocks. Derrick and Wilson (1981) disagreed, contending that there are no differences
in thickness between the two areas, that all the Corella Formation displays variation and
that concordant contacts with the underlying Argylla Formation also exist outside the
Wonga belt. Derrick and Wilson (ibid.) claimed that the Corella Formation, as mapped,

is a single sequence with a restricted time range.

A detailed account of the problems faced when mapping the Corella Formation is given
in Blake (1982). Within the field area under study here, the Corella Formation is
divided in to Zone A, contained in the Rosebud and Little Beauty Synclines west of the
Wonga belt, and Zone B, the Mary Kathleen Syncline, Wonga belt and the area to the
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northeast of the Burstall Granite (Figure 2.4). In Zone A, the Corella Formation is
readily divisible into three conformable members with the calcareous-pelitic-calcareous
sequence described in section 2.3.3 ﬁlmost complete. This sequence, overlying the
Ballara Quartzite and overlain by the Deighton Quartzite, is proposed as the true type
section of the Corella Formation. In Zone B there is no easy division into three
members but rather a complex of lithologies with uncertain relations, both to each other
and to the Ballara and Deighton Quartzites. The sequence is thicker, more calcareous
and contains more felsic and mafic units, interpreted as extrusive. The original Corella
Formation type section northeast of the Burstall Granite is folded, faulted and intruded
and contains too many deficiencies to be retained. At least two different stratigraphic
units are envisaged, the older around the Burstall Granite (1740 m.y.) and the younger
in the northeast around the Tommy Creek Microgranite (1607 m.y.), which may be an
extrusive unit within the Corella Formation rather than a granite body. Consequently
it is proposed by Blake (ibid.) that the rocks in Zone B be referred to as the Corella

Beds until their stratigraphic relations are more clear.

Some of the difficulties raised by Blake are recognised by Wilson (1983), but the type
sectioh in the northeast is retained, bounded by faults, and the full Corella Formation
sequence recognised in both Zones confined by two unconformities. The suggestion that
the Corella Formation be downgraded to the Corella Beds in the northeast is refuted.
Recent work in the area northeast of the Burstall Granite, however, has again found that
the recognised Corella sequence is not seen in that area and the divisions shown on the
1:100 000 map are open to question (Blake, personal communication) and may be more

like those shown in Figure 2.5. The stratigraphy of the Corella Formation remains

unresolved.

The work of Loosveld and Schreurs (1987) also has implications for the Corella
Formation. This work suggests that a thrust rather than a depositional unconformity
separates the top of the Corella Fofmation (Mary Kathleen Group) from the Deighton
Quartzite (Mount Albert Group). The Deighton Quartzite-White Blow Formation
sequence has broad similarities with the Ballara Quartzite-Corella Formation sequence
below it. Loosveld and Schreurs (ibid.) have proposed that the Mount Albert Group is
part of the Mary Kathleen Group, thrust above itself, and thus that the Mount Albert
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Group is not a separate stratigraphic sequence. Alternatively, the Mount Albert Group

may be a lateral facies equivalent of the Mary Kathleen Group, overthrust above it.
2.8.3 Age and relationships of the granites

Matheson and Searl (1956) did early work in the area and thought the Wonga and the
Burstall Granites to be the same age, "contrary to previous ideas". Differences in
homogeneity, deformation and field expression between the two granites are related to
their formation at different levels within one irregular batholith. This explanation is not
accepted in the memoir (Derrick et al, 1977) where it is suggested that the Wonga
Granite is older than Burstall Granite. This view is supported in Wilson (1978), where
the Wonga is envisaged intruding only as far as the Malbon Group at 1760-1660 m.y.
but the Burstall is thought to be intruded at 1400 m.y. into the Mary Kathleen Group.
The isotopic data may be inconclusive, howe\{er, and the problems involved are
illustrated by Holcombe and Fraser (1979) using three alternative published
stratigraphies (Figure 2.6). Many of these difficulties stem from the fact that the Wonga
has no contact relations with the Mary Kathleen Group. This is acknowledged by
Holcombe and Fraser (ibid.), but they claim that it is seen to intrude metaporphyry
dykes which themselves intrude the Ballara Quartzite at the base of the Mary Kathleen
Group. Based on this they suggest that the Wonga Granite must be younger than at least
some of the Mary Kathleen Group.

Evidence is given by Cruickshank et al (1980) that regional metamorphic effects,
associated with the Wonga Granite, are overprinted by the hydrothermal effects of the
Burstall Granite which must thus postdate regional metamorphism and is therefore
younger than the Wonga Granite. This is questioned by the work of Jacques et al
(1982), however, which suggests that the relationship between the granites and the
metamorphism is unclear. The problem is illustrated by the isotopic data of Page
(1983), which date the Burstall granite at 1740-1730 m.y. (c.f. 1400 m.y. above) and
regional metamorphism between 1620 and 1500 m.y., after the Burstall is emplaced.
This is countered by the claim of Oliver et al (1985) that acidic dykes from the Burstall
Granite cut across the structural grain of the Mary Kathleen Syncline and thus the

granite must be at least syntectonic, being intruded at the close of deformation. In
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summary, the age and relations of the granites remain unclear, but there are
differences, in foliation for instance, between the Wonga and the Burstall Granites

(Scott and Scott, 1985).

The place of the Hardway Granite in the stratigraphy is also unclear. The memoir
reports that it intrudes the Mary Kathleen Group, is less deformed than the Wonga and
is therefore correlated with the Burstall Granite. This interpretation is questioned by
Wilson (1978), who has dated the Hardway Granite at 1660 m.y., possibly correlated
with the Wonga Granite. The Hardway and Burstall Granites are placed together by
Jacques et al (1982), as on the 1:100 000 Mary Kathleen map.

Work with the remotely sensed data cannot yield information on the ages of the various
granites. It may be possible, however, to comment on the relationship of one granite
body to another based on field expression and spectral characteristics. Improved
mapping may better constrain the stratigraphy in the area and allow the relative ages

of the granites to be determined.
2.8.4 The status of some igneous rocks

According to Blake (1982), the Tommy Creek Microgranite is in fact made up of
extrusive rhyolite flows within the Corella Formation and many units mapped as
dolerite dykes are also extrusive units within the Corella Formation. Some basic,
lenticular units within the Corella Formation near the Mary Kathleen Mine are
interpreted as extrusive flows by Scott and Scott (1985). As there are known
metabasalts and known dolerites it may be possible to discern spectral distinctions
between the two and identify units whose origin is uncertain as one or the other. Even
if the composition does not vary in this way, improved mapping for example may
suggest that an igneous unit cuts across the strike of the metasediments and is thus
likely to be intrusive. The volume of extrusive material in the Corella Formation is an
important factor in the stratigraphic problems discussed in section 2.8.2. and the

mapping of these rocks and their correlation between different outliers may be improved

using the remotely sensed data.
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2.8.5 Structures

Most authors accept the existence of the Mary Kathleen Syncline in the region around
the Mary Kathleen uranium mineralisation. In the view of Hawkins (1975), however,
the synclinal structure cannot be substantiated in the mine area, as units cannot be
consistently mapped and lens out along-strike, with rapid facies changes. In their
detailed synthesis of ten years mapping and drilling Scott and Scott (1985)
acknowledged that the Corella Formation in the syncline is very variable. Some beds
however, such as a quartzite marker unit, do repeat across the structure and a synclinal

structure is indicated by Scott and Scott’s work (ibid.).

The memoir places a depositional unconformity between the Mary Kathleen Group and
the Mount Albert Group, but this is replaced with a thrust plane by Loosveld and
Schreurs (1987). Section 2.8.2 discusses the stratigraphic implications this may have.
The synoptic view afforded by the remotely sensed data, together with an improvement

in the mapping, may make the presence or otherwise of such structures clear.

2.8.6 Mineralisation

There has been almost continuous debate for over 30 years concerning the genesis of
the uranium-rare earth orebody at Mary Kathleen. Most authors agree that the
mineralisation is closely associated with granite intrusion, shearing, acid dyking, and

garnetisation, but disagree on the significance of each factor.

Matheson and Searl (1956) considered that the mineralising solutions were late stage
emanations from the Burstall Granite magma. Access to the favourable host rocks of
the Corella Formation was provided by faulting and jointing associated with regional
deformation and garnetisation was strongly related to ore formation. The shears were
seen as providing a structural trap for a high temperature metasomatic deposit. Most
aspects of this model are accepted by Hawkins (1975) but an alternative source for the
uranium is suggested; remobilisation from within the sedimentary pile by
metamorphism. As the sediments have U contents close to world averages and this U

has an even distribution, it is however unlikely that large scale extraction of U from the
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sediments has taken place (Derrick, 1977). The most U-rich lithologies, with values
well above world averages, are the Burstall Granite and its associated rhyolite dykes.
The genetic connection between rhyolite, granite, metasomatism, skarn formation and
mineralisation described by Derrick (ibid.), suggests that the U was introduced from
the granite by the rhyolite dykes, as a late metasomatic event, when the Burstall Granite
was intruded into the Corella Formation. A similar hypothesis is put forward by

Cruickshank et al (1980).

Problems with this model are introduced when the isotopic data are considered. Page
(1983) obtained a date of 1550 m.y. for the uraninite in the mineralisation, which is
younger than his date for granite intrusion of 1740-1730 m.y. but older than the granite
age of 1400 reported by Wilson (1978). The age for the mineralisation correlates with
that for regional metamorphism. The metasomatic origin of the deposit is again
questioned by Scott and Scott (1985), as the chemical reactions required for the
metasomatism imply the expulsion of silica and no significant free silica is seen in
adjacent rocks. They also question whether metasomatism can produce the same garnet
composition in Si-rich, Ca-poor rocks as in Si-poor, Ca-rich rocks as is the case here.
They report that U and rhyolite dykes are not always found with garnetisation and that
the pattern of garnetisation does not suggest a close relationship between garnetisation

and the Burstall Granite.

A new model is thus proposed in Scott and Scott (ibid.). In this model, basic, lenticular
rocks within the Corella Formation of the Mary Kathleen Syncline are interpreted as
flows similar to the Lime Creek Metabasalt in the Corella Formation to the north of the
Wonga Fault, and may contain pillows and flow top breccias. The U concentration is
zoned around the orebody, which is largely stratabound. A volcano-sedimentary origin
is proposed where the origin of the garnet is related to the volcanism and the U is
formed by hydrothermal activity within the sediments. Maas et al (1987) have found
problems with this model, however, as the ores are isotopically distinct from the
sediments. They have suggested that the mineralisation is the metamorphosed,

recrystallised equivalent of an older, granite-related U-rare earth mineralisation.
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The gamma radiometric data may indicate possible sources for the U in the Mary
Kathleen deposit. The structures involved in the mineralisation may be clear in the
remotely sensed data, and the orebody and associated rocks may have distinct spectral

signatures which provide more evidence of the relations between the deposit and its host
rocks.

2.8.7 Summary

There are many aspects of the geology which require further input if satisfactory
solutions to mapping problems in the area are to be found. The main questions which

should be addressed with the remotely sensed data are:
1. Can a consistent stratigraphy be worked out for the Argylla Formation?

2. Is the established stratigraphy for the Corella Formation correct, especially in

the area northeast of the Burstall Granite?
3. Is the Mount Albert Group more correctly part of the Mary Kathleen Group?
4, What are the relationships and relative ages of the granites?

5. Are there compositional differences between extrusive and intrusive basic rocks

within the Corella Formation which allow them to be distinguished?

6. What is the structure within the Corella Formation in the Mary Kathleen Mine

area?

7. Is the contact between the Corella Formation and the Deighton Quartzite a

depositional unconformity or a thrust?

8. Is there structural and compositional information in the remotely sensed data
which highlights the important factors in the formation of the Mary Kathleen

uranium-rare earth deposit?
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Various lithologies may have distinctive spectral responses in the remotely sensed data
and the synoptic view may allow these to be correlated over wide areas. Structures may
have a topographical expression visible in the remotely sensed data or be seen due to
improvements in the mapping. Structural and stratigraphic problems may thus be
resolved. The remotely sensed data may make a less direct input to other controversies,
suéh as the factors involved- in the mineralisation, but any new structural and
stratigraphic insights will also address these problems. Answers to these questions will
influence future mineral exploration in the area. For example, once the structure at
Mary Kathleen, the stratigraphy of the Corella Formation and the important factors in
the Mary Kathleen mineralisation are known it may be possible to use the remotely

sensed data to propose other localities which may be similarly mineralised.

Queensland

Brisbane o

Figure 2.1 Location of the Mt.Isa Inlier (shaded on right) and the study area (shaded
on left). Small circle = Mary Kathleen, W = Western Succession, K = Kalkadoon -
Leichhardt Block, E = Eastern Succession (after Blake and Page, 1988).
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Figure 2.2 The stratigraphy for the area, compiled from the MARABBA and MARY
KATHLEEN sheets. LP = Lower Proterozoic, C = Carpentarian, do = dolerite.

Abbreviations for formation names are given in brackets.
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Figure 2.3 The Geology of the study area simplified from the MARABBA and MARY
KATHLEEN sheets. The area’s geology is shown in full at 1:100 000 in Enclosure 2.1.
Circle = Mary Kathleen. Dolerites and Metabasalts: | = Magna Lynn, 2 = Cone
Creek, 3 = Lime Creek, 4 = Little Beauty, 5 = Dog Bone, 6 = Rosebud, 7 = Lake
Corella, 8 = Lake View. Burstall Pegmatite dykes = 9. Faults: A = Wonga,
B = Cameron, C = Fountain Range, D = Greens Creek. Box indicates area of detail
for Corella Formation shown in Figure 2.5.
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Figure 2.4 The distribution of Zone A and Zone B Corella Formation as defined by
Blake (1982). W = Wonga Belt, dotted line = original type section, box = study area.
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Figure 2.5 The Corella Formation NE of the Burstall Granite. The member names in
ordinary type are from the MARABBA sheet. The alternative interpretation is shown
in bold.
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Figure 2.6 Three alternative stratigraphies for the study area (after Holcombe and
Fraser, 1979). Proposed periods of metamorphism are indicated by thick vertical lines.
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CHAPTER 3. THE DATA STUDIED

3.1 Introduction

This chapter describes the acquisition and nature of each of the four data sets studied.
It includes details on the various sensors, as well as the physics behind both the
radiance and gamma radiometric data. An understanding of the physical basis of remote
sensing and the nature of the data allows decisions to be made regarding data
processing. The majority of the chapter deals with the radiance data which form the

bulk of this study. The remainder deals with the gamma radiometric data.
3.2 Characteristics of the TM sensor and data set

The Thematic Mapper’s characteristics are given in Table 3.1 and Figure 3.1. The
parameters given in this section are from CSIRO (personal communication), Harris
(1987) and USGS (1984). TM is a scanning radiometer in which incident radiation is
focused by a mirror and lenses directly onto detectors located in the primary focal plane
of the telescope optics. The response of the detectors is digitised and the quantisation
range is 256 levels, giving digital data in the range 0-255 Digital Numbers (DN). Each
scan of the mirror measures sixteen lines of data, in both the forward (west-east) and
reverse (east-west) scans. Radiation is measured in seven wavelength ranges, three in
the visible, one in the near infrared, two in the short wave infrared and one in the
thermal infrared wavelength regions. Each measurement is made over an area on the
ground 28.5 m by 28.5 m, giving the pixel size for this data set. In the thermal infrared
measurement is over 120 m by 120 m but this study makes little use of the thermal
infrared band (band 6), as it is primarily concerned with reflectance data. The swath
width i