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Fi gure 1.1 Location of test sites.
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Figure 2.1 The electromagnetic spectrum and atmospheric

transmi ssion.

The wavelength regions defined in section 1.5 are shown, with their

percentage atmospheric transmission. Landsat MSS and TM bandpasses are

also shown for reference. The regions most utilised for remote sensing

are the VNIR (.4 to 1.1pm), SWIR (1.1 to 2.5pm) and MIR (8 to 14pm).
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Figure 2.2 The spectra'l response of green vegetation in the VNIR

and St,lIR.

In addjtion to the reflectance of green vegetation,the cause of the

spectral features in each region is shown. The spectral regions where

mineralogica] effects occur are also depicted, as are Landsat MSS and TM

bandpasses.
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,

Fi gure 2.3 Typicaì VNIR spectra of the'iron oxides.

The absorption features in iron-bearing rocks occur at wavelengths

that vary s'l i ghtly because of crystal fi el d or charge transfer

effects. Typicaì absorption wavelengths are shown for some iron oxides

and the sulphate, jarosite. Note the absence of diagnostÍc features in

the spectra of the iron-free shale and carbonate rocks. Landsat MSS and

TM bandpasses are included for reference.
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Figures 2.4a&b MIR kaolinite transmission spectra.

2.4a depicts the fundamental 0-H stretching absorption

0H).

Fi gure

features (v

Figure 2.4b shows the fundamental 0-H bending absorption doub'let,

near 900 .r-1. The doublet structure is due to the occupation by

hydroxyìs of two non-equivalent lattice sites.
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Figure 2.5 SWIR reflectance spectra - Al-0H minerals.

The SWIR reflectance spectra of some important dioctahedral (Al-0H)

phyllosilicates are shown. In a remote sensing mode, the features at

1.4 and 1.9pm are largely obscured by atmospheric absorption. The major

absorption feature between 2.0 and 2.5pm is caused by the combination of

fundamental bending and stretching vibration frequencies. It is this

region that is most useful for remote sensing. Note that the doublet

structure exhi bi ted by kaol i nÍ te i s very simi I ar to that of i ts

fundamental 0-H bending feature (FÍ9. 2.4b). The spectra are from the

csIRO/MXY spectraì'library, and have been dispìaced verticaìly for

cì ari ty.
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Figure 2.6 Sl,lIR reflectance spectra - Mg-OH minerals.

The SI,lIR reflectance spectra of the trioctahedral (Mg-0H)

phy'llosil icates, ta'lc and chìorite, and the Ca,Mg-bearing amphibo'le,

tremoìite, are depicted. These spectra are also from the CSIRO/MXY

spectraì library, and have been dispìaced vertically.
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Figures 2.7a&b VNIR reflectance spectra of kaoìinite.

Figure 2.7a shows the VNIR reflectance

sampì e from Al um lvlountai n, NSl,l. The 3u0H

doublet centred on .952pm and .964pm.

spectrum of a kaolinite

absorption appears as a

Figure 2.7b depicts the magnified inset of Fig.2.7a. The

absorption feature at.7Spm is barely detectable, but does represent

significantly greater variation than the noise ìevel. Although the

theoretical position of the third overtone is .7lpm, it is likely that

thÍs minimum represents the 4vg¡1 absorption feature.
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Figure 2.8 Sl,lIR reflectance spectra - carbonates.

The St¡lIR ref I ectance spectra of magnesi te (MgC03 ) , dol omi te

((Ca,Mg)C0r) and calcite (CaC03) are shown. Hunt and Salisbury (1971)

ascribe the major absorption feature near 2.3pm to the third overtone of

the antisymmetric mode of the carbonate ion (3v3). The vertical line on

the p'lot is centred on 2.32p"n, and is included as a reference point to

highlight the progressìve shift of the 3v3 minimum to ìonger wavelengths

with increasing Ca content. The higher atomic weight of Ca reìative to

Mg'leads to the sìight decrease in frequency (or increase in wavelength)

at which the carbonate ion vibrates. The spectra are from the CSIR0/MXY

spectral ìibrary, and have been displaced verticaìly.
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Figure 2.9 SWIR reflectance spectra - sulphates.

The SI.lIR reflectance spectra of jarosite (KFe(0H)6(S04)2), alunite

(Al3(SOa)2(0H)6) and gypsum (CaS04.2H20) are depicted. Hunt gLjrl.
(1971) attribute aìl of the absorption features in alunite to various

overtones and combination tones of Al-0-H, and those of gypsum to

overtones and combi nation tones of water. The jarosi te spectrum

measured by Hunt et al. showed almost no absorption features, but those

of the spectrum shown here are consistent with an origin due to Fe-O-

H. (tf¡e absorptìon features of jarosite correlate well with those of

alunite, but are shifted to longer wavelengths). Because the sulphate

fundamentals occur at low frequencies (the highest being onìy 1100.r-1),

at least the fourth overtone would be required to produce features in

the sl,JIR, making their detection unl ikeìy. The spectra are from the

CSIR0/MXY spectraì 'library, and have been dispìaced vertica'11y.
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Figure 2.10 MIR spectra of felsic rocks (after Eberhardt et al.,
1e84).

The solid llnes are emissivity curves for felsic rocks, which have

an increasing feìdspar content from the top curve downwards. They have

been displaced for clarity, and superimposed on reflectance plots of a

granite (crosses) and a quartzite (trÍangìes).

Fi gure 2.11 MIR spectra of intermediate rocks (after Eberhardt

et al ., 1984).

The solid line is the emissivity spectrum of an andesite (plotted

with a scale factor of 3). The reflectance spectrum of a diorite
(diamonds) is shown for comparison.
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,

Fi gure 2. i2 MiR spectra of serpentinites (after Eberharclt et aì.,

1984).

The emissivity spectrum (scale factor 3) shows very similar

structure to the reflectance spectra of both the weathered (diamonds)

and the fresh (crosses) surfaces of the serpenti nite sampl e (both

p'lotted wi th a scal e factor of 2\ .
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Fi gure 2.1.3 MIR spectra of ultramafic rocks (after Eberhardt

et aì ., 1984).

The solid line is an emissivity curve for a pyroxenite (scale

factor 3). The reflectance spectra of a talc-carbonate rock (diamonds,

scale factor 3.2\ and a picrite, comprÍsing amphiboìe and chlorite
(crosses, scale factor 3) are shown for comparison.

Figure 2.14 MIR spectra of garnet-rich rocks (after Eberhardt

et al ., 1984).

The emissivity spectrum (scale factor 5) and reflectance spectra

(both scale factor ?.51 of weathered (diamonds) and fresh (crosses)

surfaces of a garnetite are shown.
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Fi gure 2.15 MIR reflectance spectra of minerals (after Eberhardt

et aì., 1984).

The reflectance spectra of quartz (crosses), p]agioclase

(triangìes) and olivine (diamonds). The spectra have been rescaled

(scale factors 4, 1 and 1.3 respectiveìy) and offset (-S%, -LO% and 0%

respectively) for ease of disp'lay. Note that once again the wavelengths

of the reflectance maxima increase with decreasing Si02.

Figure 2.16 MIR reflectance spectra of minerals (after Eberhardt

et a] . , 1984) .

The reflectance spectra of muscovite (crosses), hornblende (x),

calcite (squares), magnesite (diamonds) and dolomite (triangles).

Spectra are rescaled (scale factors 2, 3, Z.S, l.5 and 1.7 respectively)

and offset (-tC,Á, -Ig%, -IS%, -7% and -ZS% respectively). Note the

sharp refl ectance maximum di spl ayed by the carbonates near 11.1pm,

moving to progressively 'longer wavelengths with increasing Ca content (a

simi I ar effect to that observed i n the SÌ,ÚIR ; see Fi g. Z.g) .
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Figures 2.L7a-c VNIR reflectance spectra of altered and unaltered

rocks (after Rowan et al., L9741.

Figure 2.17a shows spectra of felsic rocks, rhyoìite Í?), granite

(14), rhyolite (4) and granodiorite Q), all showing increasing

reflectance with increasing wave'length.

Figure 2.L7b depicts selected mafic rocks, serpentinite (15),

gabbro (9), peridotìte (8) and basalt (13) exhibiting overall decreasing

refl ectance wi th 'increasì ng waveì ength.

Figure 2.L7c shows reflectance of some alteration minerals. The

hematitic limonite spectrum was recorded in situ at Goldfield, Nevada ;

other spectra are from various sources. Note the absorption features in

the .8 to 1.0pm region.
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Figure 2.18 VNIR and SWIR spectral reflectance curves of altered

and unaìtered rocks from Cuprite, Nevada (after Abrams

et al., t977\.

These spectra show the presence of VNIR iron absorption features in

argi ì ì i caì ìy al tered samp'les on'ly. Sl,lIR cì ay absorptÍon f eatures are

present in opa'lite containing a'lunite, and in argillized rocks. Note

that silicified rocks (no clays) and unaltered rocks (top curve) have no

distinctive absorption features.

Figures 2.19a&b Aircraft spectra illustrating remova'l of atmospheric

effects (after Marsh and McKeon, 1983).

Figure 2.L9a shows a sing'le airborne spectrum (solÍd line) and the

average spectrum (dotted line) of an entÍre survey.

Figure 2.19b shows the difference (residual) of the two pìots in

Fig. 2.L9a. The intensity scaìe is in mW/cm sq/steradian.
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Figure 2.20 Class'ification of alteration at 0atman, Arizona (after

Marsh and McKeon, 1983).

Ratio of 2.16¡im to 2.20¡:.n bands of fl ight line 042A. Categories A,

B and C were delineated using a waveform analysis technique.
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Figure 2.21 AIS data from cuprite, Nevada (after Goetz, l9g4).

Spectra derived from flight data are cornpared to 'laboratory spectra

(dashed lines) of alunite and kaolinite sampìes collected from Cuprite,

Nevada.
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Figure 2.23 Preservation of the deep weathering profile in
Australia (after Butt and Smith, 1980).

The full profi'le is most commonly preserved in areas of low to
moderate rel i ef, as pì ateau remnants or beneath transported

overburden. The weathered profi'le is vestigiaì or absent mainìy in

humid regions of moderate to high relief.

Figure 2.24 Development of the weathering profile (after

Butt,1983).

Figure 2.24 deplcts profile formation, during lateritic weathering,

modelled on the st.l coast of western Australia. The profiles are

app'l i cabl e to aci d and basi c rock s.
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Figure 2.25 Composition of laterÍtic duricrusts (after Schellmann,

1979 ) .

The trianguì ar diagrams represent the various compositions of

duricrusts derived from five different precursors. The compositions are

expressed in terms of Fe203, 41203 and Si02 end-members. Information

about each of these end-members is available from the VNIR, SWIR and MIR

portions of the spectrum, respectiveìy, using remote sens'ing techniques.
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Fi gure 2.26a-c Weathering profiles developed on felsic, mafic and

ultramafic rocks (after Butt, 1983).

The effects of convergent evolution are most pronounced near the

top of each profi'le, mineralogica'l differences becoming greater with

depth. A partiaìly stripped profile will therefore offer a better

chance of identjfying the precursor by remote sensing techniques.
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Fi gure 3.1 Experimental arrangement for measurement of VNIR and

SWIR spectra in the 'laboratory.
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Figure 3.2 The Tracor Northern VNIR spectrometer.

The blue box (middle right) is a muìtichannel analyser, linked to
the spectrometer head (grey box, centre of picture) by the thick, grey

cabl e. An opti c fi bre bundl e runs from the i nput sl i t of the

spectrometer head to a position above the adjustabìe sample holder.

Figure 3.3 The SWIR spectrometer.

The CVF spectrometer is mounted on the inside (right-hand side) of
the pod which can be attached to the exterior of an aircraft. The CVF

has a resolutìon of approximate'ly L% of wavelength. A SI,JIR radiometer

occupies the left-hand side of the pod, but was not used in the
'laboratory. A movable mirror allows the instrument to be used in eiher

an upwand-looking, or a downward-looking mode. The pod is approximately

1.8m ìong.





Figure 3.4 The C02 laser spectrometer (after Eberhardt et aì.,

1e84) .

The various components of the system are listed belr.¡w

1. Li ne-tuned conti nuous COZ I aser.

2. Cal orimeter

3. Visible He-Ne laser

4. ZnS spì i tter

5. Ge I ens

6. HgCdTe photoconductive detector

7. Photoelectric trigger

8. Sampl es

9. Hexagona'l mi rror

10. Oscillation of hexagonal mirror axis
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Figure 3.5 The image processing system.

The components of the system are the colour television monitor

(ìeft), a computer tenminal (centre) and a remote operator panel

( ri ght) . The remote operator pane'l control s cursor movement and

graphics display. Refresh memory is housed with the host computer,

located behjnd a wall to the left of the picture.

Figure 3.6 Typicaì structure of an XPUT fiìe sample.

Eaeh sampìe comprises a header, containing a label, and any number

of groups (four are shown here). Each group contains a number of

channe'ls, and can consist of spectra'l data, derived data, or non-

spectral information (such as coded geo'logy). The trailer for each

group can contain a f'lag used by several XB0SS programs when analysÍng

the data.
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Fi gune 3.7 XB0SS menus (after Craig et al., 1984).

The three menus show the different types of operations which can be

performed on xPUT files. Operations vary from simple display of data,

to complex ana'lysis and classification.
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Figures 3.8a-d The log residuaì technique.

Figures 3.8a&b show airborne radiance spectra from the Kambalda

region. The overal'l shape of the curve is influenced by the energy

available to the detectors, and is controlled largely by atmospheric

water absorption at both ends of the spectrum shown. In addition, sharp

absorption features due to C0, and H20 occur" between 1.9 and 2.Spm. The

log residuaì technique removes these effects, and variations due to

terrain brightness, resu'lting in the enhancement of subtle mineralogical

features, as shown in Figs.3.8c&d.
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Figures 3.9a&b Positive and negative log residuals.

Ïhese p'lots show the effect of removing the flight-ìine mean during

the log residual process. Muscovite is widespread throughout the flight
ìine, and its effects (2.2pn absorption) are contained in the line
mean. Figure 3.9a ís derived from an area that contains more muscovite

than the fìight-'line average, so it exhibits a log residuaì minimum

(greater absorption) at 2.Zp,n. Figure 3.9b is derived from an area that

contains less muscovite than the flight-1ine average, so it has a log

residual maximum (less absorption) at 2.2p,n.
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Figure 3.10 Log residual data in image format.

There are four coìumns of data in Fig.3.10. From left to right

they are VNIR log residuals, VNIR albedo (labelled V A), SI.IIR log

resi dual s and SL,JIR al bedo ( 'l abel I ed S A ) .

The data have been density sìiced. Dark blue colours represent the

ìowest ìog residual values (deepest absorption features), the mid-green

coìours (see verticaì strips at extremities of the SWIR ìog residuals)

represent zero vaìues, and deep red colours represent the highest log

residual values. The block boundaries (horizontal ìines) outl ine

changes in the nature of the data along the flight line.

The data fall natural'ly into a number of 'bands' defined by the

wavelength limits of the absorption features. The vertical lines

outline these bands. Wavelengths of the band boundaries are ;

VNIR I 0.327pn (start)

2 0.63Spm

3 0.784pm

4 I.012pm (end)

SWIR 5 1.954pm (start)

6 2.147pm

7 2.216pm

8 2.302pm

9 2.328¡rm

10 2.353pm

11 2.422pm

L2 2.500pm (end)





Figures 3.11a-f Tchebychev polynomial functions - degree 0 to 5.
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Figures 3.119-] Tchebychev polynomia] functions - degree 6 to 11.
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Figures 3.12a-d Interpretation of spectra by smoothing using

Tchebychev polynomials and calculation of first and

second derivatives.

Figure 3.12a is a VNIR ìaboratory reflectance spectrum consisting

of 5L2 data channel s. It has been smoothed by Tchebychev

'reconstruction' (using Lz polynomia'l terms) to produce Fig. 3.12b.

Figure 3.12c&d are the first and second derivatives, respectiveìy, of

Fig. 3.12b. Zero values for the first derivative repnesent inflection
poi nts i n the ori gi nal spectrum, whi 1 e zero val ues for the second

derivative represent maxima or min'ima in the originaì spectrum (thus

defining the positions of absorption features).
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I

Figure 4.1 Summary of stratigraphy on Cape York Peninsula (after

Doutch et al.,1973).
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Fi gure 4.2 Distribution of laterite on Cape York Peninsula (after

Evans, L972).
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Figure 4.3

Fi gure 4.4

Typical stratigraphic ìog from the Weipa Peninsula

(after Cof fey and Hol'l i ngsworth, 1971) .

Cross section through the Weipa Península from

hydroìogic bore data (after Coffey and Hol'lingsworth,

1e71 ) .
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Fi gure 4"5 Weipa area vegetation map (after Specht et aì., Lg77\.
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Fi gure 4.6 Graph of Moisture Index and Net Photosynthetic Index

from Weipa Peninsula (after Specht et a'|., 1977).
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Figure 4.7 Landsat false colour composite - sub-scene of Cape

l,leymouth - linear stretch of raw bands 4,5 and 7, dry

season image (after Huntington et a'l ., 1982).

Image ID No. 01036-00004, 26 July, I973. Scale is approximate'ly

1:1,000,000, or 10km between scale ticks along top and bottom of the

image. The'large central white area is Weipa mine site, while black to

green-brown patches to the east and southeast are bushfire burn scars.

The bauxite plateaux boundaries are just detectable on this image.

Stretch limits for this scene v{ere derived from the land subscene

shown on the over'lay, corresponding to: FL 600, LL 2340, FP 900, LP

2100. DS stretch limits used were: 4 17-34, 5 9-29, 7 0'20.
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Figure 4.8 Landsat false colour composite - cape l,leymouth scene -

histogram normalised, bands 4, 5 and 7, dry season

image (after Huntington et al., 1982)

This image is the optimum enhancement of the Cape Weymouth scene'

produced by histogram normal'isation. The input file used for this

process i ncl udes al 1 data from the rectangu'l ar area shown on the

overlay. Image ID and scale as for Fig. 4.7. The improvement over Fig'

4.7 i s dramati c. The bauxi te surfaces are cl earìy del i neated

(boundaries are shown on the overìay), and individual pìateaux show

variations in red and green colour tones. Intense red along creeks are

mostly mangrove swamps.

KEY

I Paìm Creek Block

2 Andoom Bìock

3 l,lei pa Bl ock

4 Hey Point Block

5 Pera Head Block

6 Watson River

7 Watson River Block
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Fi gure 4.9 Density sliced Transformed Vegetation Index image of

the Weipa Peninsula (after Huntington et al., 1982).

The image has been smoothed with a low-pass filter. Note the east-

west trend in the index on the plateau top. Blue = ìow TVIT values,

dark red = high TVIT values. High values depict areas of most intense

(most luxuriant, most dense) vegetation response. M = mangrove areas.

Image ID as for Figs. 4.7 and 4.8. Scale as shown'





Figure 4.10 Landsat false coìour composite - sub-scene of Cape

Weymouth - linear stretch of bands 4,5 and 7, wet

season image.

Image ID N0. ?2289-235LL, 29 April, 1981. Technique used for

production of this image is essentially the same as for Fi9.4.8, but

the image shown is sub-sampled and photographed from a TV screen. Note

overall increased redness of the image compared to Fi9.4.8, and larger

black 'swamp' areas on I,Jeipa Peninsula.

Figure 4.11 Landsat false coìour composite - Ì,leipa Peninsula -

linear stretch, bands 4, 5 and 6.

Image ID as for Figs. 4.7 and 4.8. The image has been photographed

from a full resolution TV display. The same trends are present as in

Fig. 4.8, but they are not as well defined.
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Figure 4.12a&b Bauxite isopachs from a portion of Weipa Peninsula

(after Evans, L972 and 0'Sullivan, pers. comm.,198Z).

Figure 4.12a shows the interpretation of Evans 0972), indÍcating a

structural control (fold axes) on ore thickness.

Figure 4.12b depicts Evans' 'synclina] axes' in highlighted

colour. The'synclinaì axes' are more ìikeìy to be channels of an older

drainage system, while 'anticlinal axes' would be interfluves (f.

0'Sulljvan, pers. cotnm., 1982).
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Figure 4.13 Landsat false colour composite - Weipa Peninsula -

linear stretch, bands 4, 5 and 7, dry season image.

Image ID as for Fig. 4.7. Contrast modification limÍts as shown.

Arrows point to drilling-grid lines. East-west arrows are alígned a'long

coordinate 20,000N. Note again the gradationaì colour change from B

(green) to A (red) along the peninsu'la. BF = bush fire scar. The

overlay indicates NNW-SSE linear trend.

Figure 4.14 Landsat false colour composite - Weipa Peninsula -

linear stretch, bands 4, 5 and 7, wet season image.

Band 4 has been smoothed with a 4*4 low pass box filter to reduce

residual striping. Image ID as for Fig. 4.10. Note the red fringe to

the bauxite plateau.
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Figure 4.15 Landsat colour ratio composite - l'leipa Peninsula -

histogram normalised, wet season image.

The ratios used were 4/5 (blue), 5/6 (green) and 6/7 (red). Note

that the colour variation is mainìy from the edges towards the centre of

the plateau, rather than aìong the peninsula (as is the case with dry

season imagery).
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Fi gure 4.16 Average annual wet season water table rÍse over l^leìpa

Peninsula (after Coffey and Hollingsworth, 1971).

Note the simi I ari ty of the shape of the contours and the

distribution of colour variations in Fi9.4.15.
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Peni nsul a.

For Figs. 4.L7 to 4.20 data come predominantly from the 20,000N

line (east of 50,000E), and the 10,000N line (urest of 50,000E). Precise

ìocations are documented in Table 4.1 The regression lines have been

calculated for the y-directìon.

Si0Z values show a strong trend to increasing values from west to

east along the peninsula.
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Figune 4.18 VarÍation of AlZ03 content of soil samples along Weipa

Peni nsul a.

Note that the trend is the inverse of that exhibited by Si0Z in

Fi g. 4.17.
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Figure 4.19 variation of ri02 content of soil samp'les along weipa

Pen'i nsul a.
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Fioure 4.20 Variation of Fe"O" cont-ent of soil samnles alono l.leina. . r-. -¿-J --"'r' v,,J ¡rv , t,s

Peni nsul a.

Note that the two outliers at 2,000tJ and 50,000E have been included

'in the regression calculation. Exclusion of these values will decrease

the slope of the ìine, but stjll leave a weak trend in the same

direction. All trends in Figs.4.L7 to 4.20 are compatible with

decreased 1 eachì ng of resi dual soi I from west to east aì ong the

peni nsul a.
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Figure 4.21 SÞJIR spectrum of synthetic gibbsite powder.

The spectrum shown was measured from a synthetic sampìe of gibbsite

(aluminium trihydrate (Al (0H)3) ). The spectraì shape is almost

identical to that of the gìbbsite sampìe measured by Hunt et al.,
I97I. Note the unusual wavelength of the major absorption feature

(2.27¡t"n) .
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Figures 4.22a-c Representative VNIR laboratory spectra of Weipa soÍ1s.

All spectra have been smoothed by reconstruction using Tchebychev

po ìynomi aì s,

Figure 4.2La is representative of the maiority of VNIR soil sample

spectra, with increasing reflectance from.5 to 1.Opm, and no iron

absorption features. All samples contaíning less than about 6% FerO,

fall into this category.

Figure 4.2Lb is an exampìe of one of the few spectra which exhibit

any iron oxide spectral features. Even So, the absorption is is very

subt'le, and takes the form of a minor dip centred near.85pm.

Figure 4,ZLc is the spectrum of a haematite-rich sampìe of cemented

pisolite ore. This sample contains 24% Fe203.
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Figures 4.23a-d Representative St.lIR laboratory spectra of Weipa soiìs.

Figure 4.23a depicts a spectrum which has a particuìarly strong

(for the tleipa sampìes) absorption feature in the 2.27pn region,

indicat'ive of the presence of bauxite minerals.

Fi gure 4.23b shows an unusual'ly strong 2.Zp"n absorption feature,

with a weak shoulder developed al 2.17pm. These features are attributed

to kaol i n.

Figure 4.23c is representative of the maiority of the Weipa soil

samp'les. It falls between the extremes depicted in Figs. 4.23a&b, and

has onìy weak to moderate absorption in both the 2.2 and 2.27pn regions.

Figure 4.23d is the spectrum of a pisolitic ore sample from Andoom,

which is composed largely of gibbsite, boehmite and iron oxides.
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Figure 4.24 Variation of Si02 content of ore on the 2000N line

along Weipa Peninsula (Comalco dri'l1ing data).

Data points plotted in Figs. 4.24 and 4.25 are averages of multiple

analyses of samples taken from each drill hole. Each poÍnt should

therefore be representative of the entire ore zone at that ìocation. In

both plots the thick line represents a ìine of best fit.

A'lthough there is considerable scatter in the Si02 data, a trend of

increasing silica content from west to east is evident.
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Fi gure 4.25 Variation of A'1203 content of ore on the 2000N line

al ong l,lei pa Peni nsu'l a ( Comal co dri I'l i ng data) .

Like Fig. 4.24 there is considerable scatter in the data, but an

inverse trend is apparent, with decreasing alumina content from west to

east.
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Fi gure 4.26 Variation of Si0e content of ore (N-S lines averaged)

al ong Wei pa Peni nsul a ( Comal co dri I I i ng data) .

Fi gures 4.26 and 4.27 are p'lots of ore geochemi stry, but al I data

for each north-south grid line has been averaged to a s'ingle value. In

both plots the thick line is a line of best fit.

For Sj0Z the trend of increasing values to the east is stronger,

and there is less scatter in the data.
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Figure 4.27 Variation of 41203 content of ore (N-S lines

averaged) aì ong Wei pa Peni nsuì a ( Comal co dri ì'l i ng

data).

Like Si02 the AlZ03 values show a stronger trend, with less scatter

in the data, once th north-south lines have been averaged.
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Fi gure 4.28 Image representation of 41203 content of ore over

Weipa Peninsula (Comalco drilìing data).

The image has been contrast stretched and density sl iced. Each

col oured pi xe'l represents one 2,000 foot dri I I i ng b'lock . A'1203 va'l ues

range from 36 to 55%. Red equa'ls hÍgh values, y€llow medium values and

green and blue low vaìues. Note the gradient from high to low values

from west to east. The'longest east-west data line is located on the

20,000N gri d 'l i ne. North i s verti cal "

Fi gure 4.29 Geometrica'lìy resampled image of 41203 content of ore

over l¡Jei pa Peni nsul a (Comal co dri'11 i ng data) .

Same as Fi g. 4.29 , but the data has been geometri ca'l 'ly resamp'l ed

and registered to fit Landsat scene 1036-00004. North is novr rough'ly

10o west of the vertical.
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Figure 4.30 Geometrica'lly resampìed image of Si02 content of ore

over l,lei pa Peni nsul a ( Comal co dri I I i ng data) .

The image has been density sliced, and values range from 15% (red)

to 3% (blue). Note the inverse trend to Fil.4.29.

Fi gure 4.31 Geometrically resampìed image of ore thickness over

l^lei pa Peni nsul a (Comal co dri ì 1 i ng data) .

The image has been density sliced, with values ranging from 14 feet

(red) to I foot (bìue). Where local variations in ore thickness are

likely to be related to pa]aeotopography (see Fig. 4.12b), the regionaì

trend depicted here could either be due to regionaì paìaeotopographic

vari ation or to a weak structural deformation post-dati ng ore

formation. The author favours the latter alternative.
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Figure 4.32 Landsat and geochemistry training areas and

geochemicaì grid over l.leipa Peninsula.

Trai ni ng areas are shown as numbered, whi te boxes, whi 1 e

geochemistry grid is shown in b'lue. Landsat MSS bands 5 and 7 are

dispìayed as green and red, respectively.

Figure 4.33 Landsat false colour composite - llleipa and Andoom mine

sites - high'lighting vegetation regeneration - linear

stretch, bands 4, 5 and 7, wet season image.

The image ID No. is 22289-235LL (29th 4pri1,1981). The different

stages of regeneration are evident as areas of varying shades of red on

the white background of the mines. Grey-bìue areas have recently had

their tree cover felled, but not removed.
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Fi gure 5.1 Geology map of Mt Turner.

The map has been compi'led and simpìified from BMR 1:25,000

compilation sheets. White mica (muscovite from the weathering of

Proterozoic granites and Robertson R'iver Formation metasediments) and

sericite (from altered felsic intrusives) are widespread throughout the

map area.
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Figure 5.2 Photocopy of RC9 1:80,000 black and white aerial

photograph of Mt Turner, with alteration (A) and

flight line location (B) overlays.

Note that fissure veins and rhyolite dykes are best developed

within the silicified zone, but have been omitted from the overlay for

cl ari ty.
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Figure 5.3 Landsat false colour composite - Mt Turner area -

linear stretch, bands 4, 5 and 7 (after Huntfngton,

pers. comm. 1983).

The vegetation anomaìy over Mt Turner results in the high band 7

(red) response. The dark green areas are bushfire scars.

Figure 5.4 Landsat band ratio image - Mt Turner area - density

slice, ratio bands 5/6 (after Huntington, pers. comm.,

1eB3 ) .

The vegetation anomaìy over Mt Turner stands out as blue colours.

Also shown is the boundary of most Íntense "'limonite" (derived from a

Landsat MSS 4/5,4/6,6/7 ratio image) resulting from alteration, mafic

Íntrusives and Robertson RÍver Formation metasedÍments.
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Figure 5.5 Landsat coìour ratio composite - Mt Turner area -

histogram normalisation of bands 4/6 (blue), 6/7

(green) and 415 (red), (after Huntington, pers. comm.,

1983).

The image depicts limonite in shades of green, and vegetation in

shades of red. Mt Turner (arrowed to the east), is differentiated from

its immediate surrounds, but not from other iron-rich rocks (for

instance dolerites in the Robertson River Formation to the Ntl). The

Phyììis Mae area (arrowed to the west) shows no anomalous features.
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fresh surfaces of the same altered sample.

Figure 5.6a is the spectrum of the weathered surface, whiìe Fig.

5.6b i s the fresh surface spectrum. The sampl e contai ns quartz,

serìcite and minor kaolin. Note the similarity of the spectral features

in both plots.
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Fi gures 5.7a&b SI,¡IR laboratory reflectance spectra of a weathered,

I i ^h^^ ^^r,^-^l -,.-€^^^ --l ^ ¡-^^t^ ^,,-6^^^ ^6 ¡L^ ^ --^r ruilcrr-uvYgt çu JUI I qus qilu q I f ç>tt Jut I qLtr ut Lilg sc¡ll¡E:

al tered sampì e.

Figure 5.7a depicts the spectrum of the weathered surface and shows

the effects of an even cover of black lichen.

Figure 5.7b depìcts the fresh surface spectrum, with strong 2.Zp"n

absorption. This sampìe is an altered rhyoìite composed of quartz and

seri ci te.
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Figure 5.8 Sl^lIR laborator-v reflectance speetra of healthy and dr"y

vegetati o n.

The spectrum of healthy vegetation is affected mainly by the

moisture in the fo'liage. The absorption features at 2.1 and 2.3pm in

the spectrum of dry vegetation are caused by the cellulose present in

the plant. These features become apparent only when the water content

i s low.
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Figures 5.9a-d The four major spectra'l types from StdIR 'laboratory

refl ectance measurements of Mt Turner sampl es.

Kaolin-type (a) occurs only when there is significant kaolin in the

sample. Sericite-type (b) is from altered rocks, and has secondary

absorption features near 2.35 and 2.4Spm. Muscovite-type (c) is similar

to Sericite-type, but does not have strong secondary absorption

features. Mafic-type spectra (d) have their maior absorption features

in the 2.3 pm region, and can result from a variety of primary mafic or

propy'l i ti c al terati on mi neral s.
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Figures 5.10a&b Averages of 'altered' and'unaltered' Sl,lIR laboratory

r"eflectance spectra of Mt Turner samples.

The major absorption feature at 2.2pm is deeper in the spectrum of

the averaged al tered sampl es (10"Á for al tered versus 47" for

unaltered). Secondary features near 2.35 and 2.45pm are also better

developed in the altered spectrum.
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Figures 5.11a&b Hull residuals of average aìtened and unaltered Sl,lIP.

laboratory reflectance sPectra.

gnce the background slope has been removed using the hull resjdual

technique, the presence of features near 2.35 and 2.45pm in the average

unal tered spectrum become apparent (aì though they are not as wel I

deve'l oped aS the correspondi ng features Í n the average al tered

spectrum).
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Figures 5.12a-k Mean radiance curves for each Mt Turner f'light line.

Note the presence of the 2.Zpn feature in every curve (due to

atmospheric water absorption), and the varying strength of the shoulder

near 2.L7p,n. This is a result of the influence of mineralogical

(ì ithospheric) absorptìon (muscovjte/sericite and kaol in).

(conti nued over)
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Figure 5.13 Radìance of a 100% reflector at sea level, ca'lculated

usi ng the LOWTRAN model .

The major features present in thÍs spectrum are due to the presence

of C0, and HtO in the atmosphere.
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Fjgures 5.14a&b Radiance curves from U.S. surveys (after Collins

et aì., 1981).

Note the depth of absorption features at both 2.2¡n and 2.3pm.

These are much stronger than any mineralogica'l effects detected at these

wavelengths with the same instrument in Australia.
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Fi gure 5.15 Log residuals of all Mt Turner flight lines in image

format, with overlay showing major spectraì types.

For each flight line there are six columns of data. From left to

right, they are VNIR (0.4 pm to 1.0 pm) ìog residuals, VNIR Albedo, SWIR

log residuals (1.95 pm to ?.5 pm), Sl.lIR Albedo, a vegetation index

derived from VNIR data, and coded geology. VNIR data are labelled

Reticon Log Residuals and SIIIR data are labelled Pbs Log Residuals.

The overìay shows typicaì examples of Types A, B and C spectra for

ìine MT9 (bìocks labeìled 81 and 92 show vaying strengths of the same

Type spectrum). Note that MT9 was flown from south to north. The log

residual image data are arranged in order of inceasing pixeì number,

from top to bottom, so the top of the MT9 Ímage data is south, bottom is

north. For flight directions of other lines, see overlay B to Fig. 5.2.





Figure 5.16

The nature of the surface (e.g. bare soil,

rather than variations in the mineralogy, appears

determining the category into which each spectra'l

Classification of spectrometer data based on visual

examination of ìog residuals in image format, overlain

on the geology of Mt Turner.

rock, or vegetation),

to be the major factor

'bìock'falls.
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Figures 5.17a-f Spectraì 'standards' derived from pìots of 'log

residual spectra.

Standard L is included as an offset used in the cìassification

procedure. Alì other spectra have been produced by averaging 'blocks'

from flight line MT4, and discarding very close matches.
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Figures 5.179-ì Spectraì 'standards' derived from p'lots of ìog

residual spectra.



8

L
0
Ê

F
E

5

.002

.002

.001

.000

-.000

-.001

- .002

-.003

-.003

.003

.002

.00t

.001

-.000

-,00t

-.002

-.002

-.003

STANDARO 7

STANOARD 1O

2.O 2.L 2.?

llrcF0r'rElRES

?.3 2.4

2.3 2.4

2.2

MICHOMETRES

2.3 ?.4

2.3 2,1

t{ICFOMEIFES

2.3 2.1

?:A 2-1

L
0
E

R

E
s

SIÀNDAPO 8

STANDÂHD 11

2.O 2.1

slÄNoARo g

STANDÂRO 12

2.0 2.!

L
0
6

.007

.008

.005

.003

.002

.001

.000

-.001

-,002

R

E

s

L
0
Ê

.001

.001

.001

.000

,000

- .000

-.000

-,00t

-.00f

L
0
G

F4

E

s

.001

-001

.000

.000

-.000

-.000

-.001

-.001

-.00f

L
o
Ê

F
E
s

.005

.00¿

.003

.002

.o02

.001

-.000

-,001

-.002

R

E

s

J
1

2.0 2.t 2.2

},IICFOI{ETFES

?-o 2.! 2.2

}'IICBONET9ES

2.0 2.1 2.2

IICROHETFES



t

Figures 5.17m&n Spectral 'standards' derived from p'lots of 1og

resÍdual spectra.
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Figure 5.18 0utput of portion of the least-squares classification

of fl i ght 'l i ne MT8.

Sol i d verti cal I i nes coi nci de wi th boundari es easi ly vi si bl e on

Fig. 5.15. Dashed vertical lines represent boundaries which have been

defÍ ned usi ng the cl assi fication output i tsel f.
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Figure 5.19 Least-squares classification of 'log residual spectra,

overlain on the geoìogy map of Mt Turner.

Note that there are differences between this classification and

Fig. 5.16. Mineralogical variations appear to have more of an influence

on the result Ín this case. A'lthough the technique is not perfect, and

has resulted in a number of misclassifications, areas of sericitic
alteration have generally been discriminated successfuìly.
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altered samples collected south of Mt Turner.

Both spectra shown have þreak absorpti on features i n the 2.3¡rm

region. However, these features are not developed strongly enough to

allow identification of the mineraìogy. This is probably a contributing

factor in the failure of the class'ification to discriminate propylitic

alteratìon from dry vegetation.
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Figures 5.21a&b Airborne S[.JIR log residuaì and laboratory refjectance

spectra of kaolin.

The kaolin spectra depicted here show much better definition of

absorption features than those from other areas covered at Mt Turner.
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Fìgure 5.22 Airborne SÌ,JIR log residual spectrum of

chlorite/amphibole? mixture from line MT5.

The airborne spectrum was collected over an outcrop of amphibolite

on flight line MT5. The sharp feature at 2.26¡n is indicative of

chlorite, while the noisy minimum near 2.4pm ma¡t indicate the presence

of amphibole. The absorption feature near 2.3pm is likely to be the

result of the combined influence of both minerals.
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Figures 5.23a&b Tchebychev coefficient ratio and simulated narrow-band

rat'io pl ots for I i ne MT9 .

The dashed vertical lines are boundaries that have been determined

from the classification scheme (fig. 5.19). Boundaries of the major

sericitic alteratìon zone are shown by the arrows.
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Figure 5.24 toq mean of all SI,JIR labor^atorv reflectance soectra--'-- --- J

from Mt Turner.

The mean spectrum of all field samples has been calculated using

spectra of both weathered and fresh surfaces. A sampling bias towards

altered sampìes has resulted in stronger 2.35 and 2.45pm absorption

features than would be expected for a simiìar spectrum deríved from the

ai rborne data.
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Figures 5.25a-f Selected SI,IIR laboratory reflectance spectra and their
la^^ ---Jr ,r-lr()g resìouats .

These plots illustrate the difficulty of separating the effects of

dry vegetation from propyìitic alteration. Similar'ly-shaped 'log

residuals' (Figs. 5.25d&f) have resulted from the spectra of these two

very different materials.
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Figures 5.26a-d 'Log residual' spectra caìculated from various

mixtures of SWIR ìaboratory reflectance spectra.

t
Fi gures 5.26a&b are syntheti c ''log resi dual '

mixtures of vegetation with the average muscovitic,

sericitic, spectra respectively.

spectra of 1:1

and the average

Figures 5.26c&d are the equivalent synthetic 'log residuals' for

1:1.5 mixtures.

Note that both the sericite + vegetation log residuals have a

2.35pm feature, and mi nima at 2.Zp"n. Correspondi ng muscovite +

vegetation log residuals still have positive 2.Zpn features (maxima)

because they do not absorb strongly enough to overcome the effect of

mixing with vegetation.
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Figures 5.21a&b Airborne SIdIR log residual and laboratory reflectance

spectra of talc-rjch soil from line MT8.

Figure 5.27a is the airborne spectrum of a talc-rich soil (flight

I i ne MT8, sampì es 447-450) 
"

Figure 5.27b is the 'laboratory spectrum of a representative field

sampìe from pixeì 448 on line MT8.
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t

F'igure 5.28 Airborne SWIR log residual spectrum of line MT10,

pí xe1 s 347-349.

This spectrum is extremely noisy, and there Ís no sign of any

absorptìon feature that could be attributed to the presence of topaz.
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Figures 5.29a&b Sl.lIR laboratory reflectance spectra of weathered and

fresh surfaces of topaz-rich sample.

Figure 5.29a js the 'laboratory spectrum of a weathered surface of a

rock containing between 5% and 20% lopaz.

Figure 5.29b is the ìaboratory spectrum of a fresh surface of the

same sampìe. Note that sericite-type features are present in the

spectrum as well as the sharp 2.lpm absorption due to topaz.
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t

Fìgure 5.30 Field spectra of altered and unaltered rocks from

Silver Beil, Arizona (after Abrams and Brown, 1985).

Note that absorption features at all wavelengths are ejther much

weaker, or entirely absent, in unaltered equivaìents of the altered

rocks. Spectra were acqui red i n situ usi ng the Jet Propu'l sion

Laboratory' s Portabl e Fi el d Refl ectance Spectrometer ( PFRS ) .



NDACITE

DÀCITE - PROPYIITIC

OACITE. PHYLTIC N

oactTt POTÀSSIC

POfas5rc PcoPYLtìrc
^LAtk[t

ÀLÆñtfÉ -PotÁ55rc

-l

0

ÂrÂt¡.llt - t30PYLlTlc

t2 tó
!r^vtttNGIH, r' n

ît¡ FtD5

t6

-_--

N8

4

20

z

2.Otó
'//AVELtNGIH, p ú

t2080¡

¡0

0

20

0

20

zz

¡0

,/oNzoN[E - POIAsSIC

MONTONIIE - PROPYTIIIC

CLAFLIN P¡}¡CH il¿

:
N8À5ÀtT

Lil'tSloNt N

20

00



Figure 6.1 Kambaìda area geolory and flight line locations

( modi fi ed after Gresham and Loftus-Hi I 1 s, 1981 ) .
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Fi gures 6.Za-c Photograph and Sl,|IR ìaboratory reflectance spectra of

weathered and fresh surfaces of a basaì t sampì e from

Kambal da.

Figure 6.2a is a hand specimen of basalt with weathering rind.

Figure 6.2b is the spectrum of the weathered surface of the sampìe

shown in Fig. 6.2a. Spectraì features are those of amphibole and

chlorite (responsible for the position of the maior feature).

Figure 6.2c is the spectrum of the "fresh" surface of sampìe shown

in Fig. 6.2a. Note the similarity to the 'weathered' spectrum. The

2.0pm feature in this spectrum is due to chlorite.
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Figures 6.3a&b Photograph and Sl.lIR laboratory reflectance spectrum of

a lichen-covered soil from Kambalda.

Figure 6.3a shows the lichen 'crust' and, to the left, the soil

beneath the lichen.

Fi gure 6.3b i s the spectrum of soi l -ì i chen showi ng kaoì i n

absorption features. Familiar 2.1 and 2.3pm absorption features typical

of dry vegetation are caused by the lichen. Fine kaolÍn on the surface

is also contributing to the spectrum with a 2.L7 and 2.208pm doub'let.
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Fi gure 6.4 Fl at SI,JIR I aboratory refl ectance spectrum f rom

Kambal da.

The dark colour of the samp'le, and a lack of strongìy absorbing

mi neral s resul ts i n a fl at, no'isy spectrum.
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Figures 6.5a-c S[.lIR laboratory reflectance spectra of samples with

varying quartz content from Kambalda.

Figure 6.5a has moderate 1.9pm (water) absorption, whíle Figs.

6.5b&c have strong and very strong 1.9pm (water) absorption features,

respectively.The strength of these features is correlated with the

percentage of quartz jn the samp'les (see p'lot titles).
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Figures 6.6a&b Sl,lIR laboratory reflectance spectra of kaolin-

bearing sampìes from Kambalda.

Kaolin's 2.17pm absorption feature is genera'lly only weì'l developed

where kaol i n crystal'l i ni ty i s hi gh. At Kambal da, the 2.L7¡n f eature

usualìy only causes an asymmetry in the major absorption feature. There

are many cases at Kambalda where weak 2.2¡n absorption features appear

in the spectrum, but no mineral which absorbs in that region is detected

by XRD. l'lhere 2.Zp.n features are strongest, the characteristic kaolin

shape is seen. Figure 6.6a depicts one exampìe of a stronger kaoìin

spectrum, while Fig. 6.6b depicts a spectrum where the mineralogy cannot

be accurate'ly determi ned, but i s I i ke'ly to be kaol i n.
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t
Figures 6.7a&b SI,IIR laboratory reflectance spectra of Íntact and

powdered calcrete nodules from Kambalda.

Figure 6.7a depicts the spectrum of calcrete nodules showing kaolin

spectraì features. The failure of XRD analysis to detect kaolin is
attributed to its poorly crystaììine form. Al-0H bonds are still
present, however, and this is sufficient to produce the observed

absorption features.

Figure 6.7b is the spectrum of the same calcrete in powdered form,

showing kaoìin and calcite absorption features. The presence of calcite

features in the crushed sampìe suggests that their absence in Fig. 6.7a

is a surface phenomenon.
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Figures 6.8a-c SI,liR laboratory reflectance spectra of talc-bearing

samp'les f rom Kambal da.

Talc absorption features can be detected even at low percentages

( dependi ng on the other mi neral s present and thei r percentages) .

Expansion of the y-axis scales would make the absorption features in

Figs.6.8b&c look stronger, but they are alì presented at the same scale

for comparison of their relative strengths.
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Figures 6.9a&b Sl'lIR taboratory reflectance spectra of chlorite- and

amphibole-bearing sampìes from Kambalda.

The chlorite spectrum (fig. 6.9a) has a more pronounced background

curve than talc. Diagnostic absorption features are at 2.O¡rm (causing

the asymmetry of the 1.9¡rm water absorption feature), ?.26 and 2.34pm.

Like chlorite, amphibole (fig 6.9b) has a pronounced background

curve. The asymmetry of the 1.9pm water absorption feature in this

spectrum i s caused by the presence of 7% chl ori te. Amphi bol e' s

absorption features are at 2.32¡rm and a shoulder near 2.4p.m, but in this

case the spectrum shows a minimum at 2.33pm. This may be due to the

influence of chlorite, which tends to absorb at wavelengths slightly

longer than amphibole.
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Figures 6.10a-d sl,'llR laboratory reflectance spectra of typical

mixtures from Kambalda.

The spectra shown Ín Figs. 6.1Oa&b, of an amphibole-chlorite-talc

rock and a talc-chlorite rock, respectively, show that talc dominates

the spectrum, even though (in the case of Fig. 6.10a) it forms the

smallest proportion of the rock. Any contributíon by amphibole to both

spectra i s swamped by the tal c, but chl ori te sti I t produces an

absorption feature at 2.Opm.

Figure 6.10c is the spectrum of an amphÍbole-chlorite rock

powder. Most rocks containing almost equa'l amounts of amphiboìe and

chlorite tend to have spectra dominated by chlorite, if their natural

surfaces are measured. In some cases, powdered samples of the same

material wilì produce spectra with sìight]y different characteristics.

This spectrum appears to be dominated by effects due to amphibole.

Figure 6.10d Ís the spectrum of an amphibole-chlorite-epidote

rock. The shape of this spectrum's major absorption feature is similar

to those of both amphiboìe and epidote. The wavelength at which it
occurs is 2.34¡rm, which is longer than normal for amphibo'le, suggesting

a contribution from epidote. The 2.Opm absorption feature is due to

chlorite, which may also be inf]uencing the position of the major

feature.
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Fi gures 6.11a&b SI^¡IR I aboratory refl ectance spectra of materi al s

exhibiting weak absorption features from Kambalda.

There are numerous exampì es of weak absorption features from

Kambalda. Most of these cannot be interpreted confídently. Figure

6.11a is one example that shows weak features in both the 2.2 and 2.3pm

regions. Figure 6.11b, oI the other hand, exhibits a broad, weak

absorption feature onìy in the 2.3pm region. This could be attributed

to the 'mafic' mineralogy of Archaean basaìts, except that XRD shows

that diopside is present and the most likely cause of the absorption.

Diopside is found onìy in Proterozoic dykes at Kambalda (D. Quick, pers.

comm., 1984). This examp'le underlines the importance of ground-truth

work and supporting laboratory data.



B
L

F
L
E
c
T
A
N
lJ

E

E'50

.500

- 450

.400

- 350

. AâO

.400

.360

.300

K7O,/37A/S OBSABI. lCALE¡AMPATC4/KAO. HEM. MO5

L-5 
^.8 

L.7 'L a 1.E¡ 2.O ?. L

MICTOMETRES

2.2 2-3 2.4

KL0/273/F,/W PLE¡O OA CHL2/DT.40-50

1..5 i..El !-7 l..B 1.s¡ 2.O ?.t 2.2 2.3 2.4

FI
E
F
L
E
c
T
A
N

ts

A

B

-2ãO

MICFIOMETFIES



Fi gure 6.12 SWIR airborne log residua'l spectra of two chlorjte-

bearing areas at Kambalda.

Note particu'larly that the posi tions of the 2"26¡t"n absorption

features vary. This is difficult to explain other than by variation of

the chlorites' composition. However, any variation in the position of

the 2.34pm minìmum could be exp'lained by the presence of other minerals

absorbing at s'lightly different wavelengths (e.g. ta'lc, amphibole, or

epi dote) .
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Figures 6.13a-f SWIR airborne mean radiance spectra of Kambalda flìght

I i nes.

Note the similarity of all flight line means,

any recognisable mineralogical absorption features

2.3¡rm) .

and the absence of

(in particular at
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Fi gures 6.139-'l SI,JIR ai rborne mean radi ance spectra of Kambal da f'l i ght

I i nes.
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Figures 6.13m&n SI.IIR airborne mean radiance spectra of Kambalda flight

I i nes.
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Figures 6.14a-d Two SWIR airborne radiance spectra and their

corresponding ìog residuals from Kambalda.

Fi gures 6.14a&b are averaged ai rborne

spectralìy flat area, and a taìc-bearing area,

apparent absence of mineralogical features.

radi ance data over a

respecti ve'ly. Note the

Figures 6.14c&d are the equivalent averaged log residual spectra.

The spectrally flat area has no obvíous absorption features, but the

talc-bearing zone exhibits a strong talc ìog-residual signature.
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F'igures 6.15a&b Airborne log residua'l spectra (line K2) - image format.

The log res'idual data have been put into an image format and

density sliced. Dark blue colours represent the lowest ìog residual

values (deepest absorption features), the mid-green colours (see

vertical strips at extremities of some of the columns of data) represent

zero values, and deep red colours represent the highest log residual

values. The four columns of data are, from left to right, VNIR log

residuaìs, VNIR albedo, StrJIR log residuals and Sl^lIR albedo.

The bl ock boundari es ( hori zontal I i nes )

visual examination of the'image. Each block

average log resi dual spectra for each block

interpreted (see Appendix IX).

have been drawn after

has been numbered, and

have been pì otted and

The data fall naturaìly into a number of 'bands' defined by the

wavelength I imits of the absorption features. The verticaì lines

outline these bands. Wavelengths of the band boundaries are ;

VNIR 1 0.327pn (start)

2 0.635pm

3 0.784pm

4 1.012pm (end)

StllR 5 1.954pm (start)

6 2.147pm

7 2.216pm

I 2.302pm

I ?.328pm

10 2.353pm

11 2.422p,n

LZ 2.500pm (end)
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F.igures 6.15c&d Airborne ìog residuaì spectra (line K2) - image format.

Bl ocks 15 to 26.
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Figures 6.16a&b SIdIR laboratory refl ectance spectrum and airborne 'log

residual spectrum of halite from Kambalda.

Figure 6.16a is the average airborne log residual spectrum over a

portion of Lake Lefroy. It exhibits a weak local minimum at 2.25pn

(símilar to a feature documented by Hunt et al., 19721, which may be

related to the moisture content of the halite.

Figure 6.16b is the laboratory spectrum of a (dry) halite sample

from Lake Lefroy. It has no absorption features near 2.25¡n.
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Figure 6.17 SIIIR ai rborne ì og resi dua'l spectrum of a kaol i ni ti c

laterite at Kambalda.

Although somewhat noisy, the chanacteristic 2.L7 and 2.208pm

absorption minima of kaolin are well developed in this spectrum.

Figure 6.18 Airborne SWIR log residua'l spectrum of a talc-bearing

soil at Kambaìda.

This spectrum exhibits all of the characteristic features of talc,

with minor features at 2.26,2.30 (shoulder), 2.39 and 2.47pn, and with

the sharp and deep major absorption feature at 2.32pm. Compare to the

2 .Zp,n absorpti on of kaol i n i n Fi g. 6 .17 above.
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Figures 6.19a&b Photograph and airborne ìog residual spectrum of a

tal c-beari ng portion of I i ne K9.

Figure 6.19a shows the absence of outcrop or substantial float.

Note also that soil lichen (right side of photo) and saltbush (iust

visible top and left) will contribute to the airborne spectrum. The

author estimates that no more than 50% of each pixel in this area is

composed of bare, talc-rich soil. XRD analysis shows that the talc

content of the bare areas is approximateìy 20%. Therefore, it can be

.inferred that an effective talc concentration of only L0% has produced

the log residuaì spectrum shown in Fig. 6.19b.
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Figure 6.20 Interpreted and factual geology of the St Ives area,

with over'lay showing mineralogy interpreted from

airborne spectral data.

KEY
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r Chlorite/amphibole

^ Amphibole/epidote
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ftrat c

fTal c/chl ori te

? Uncertain

35mm photo centres are marked for each flight line, and every

hundredth pixel is numbered.
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Figure 6.21 Interpreted and factual geo'logy of the Tramvays area'

with overlay showing mineralogy interpreted from

airborne spectral data.

KEY

o Kaol in
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r Chlorite/amphibole

r Amphibole/epidote

a Amphi bol e/ch'lori te

frat c

ful c/chl ori te

? Uncertain

35mm photo centres are marked for each flight line, and every

hundredth pixeì is numbered.
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Figures 6.22a&b Geo'logy and interpretation of mineralogy from airborne

data for the Kambalda Dome and Democrat areas.

Figure 6.22a is the Kambalda Dome interpretation, and Fig. 6.22b

that for Democrat. For both diagrams the spectral interpretation

appears in the top line, mapped geology in the middle, and an estimate

of the amount of outcrop or float in the bottom line.
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Figures 6.23a&b VariatÍon of simulated narrow-band ratios derived from

radiance data along fìÍght ìine K2.

Figure 6.23a depicts the variation of a simulated narrow-band ratio
(2.3018 to 2.3276p,n/2.2L58 to 2.3018pm) derived from radiance data.

Figure 6.23b depicts a similar, but narrower ratÍo (2.3019 to

2.327 6'p,n/2.3276 to 2.3534pm) .

The areas within vertical dashed lines have been interpreted (from

second-order effects) as containing the minerals shown.
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Figures 6.24a&b variation of a simulated narrow-band derived

from log resÍdual data, and of a simulated broad-band

(TM) ratio, a'long fìight line K2.

Figure 6.24a plots the value of simulated narrow-band ref'lectance

data (2.3018 to 2.3276pm) derived from log residual values.

Figure 6-24b has been created from radiance data using two broad

bands - 2.08 to 2.35pm (equivaìent to TM band) and 1.95g to 2.0gp,m. The

bands have then been ratioed to produce a resul t simi I ar to the

L.6p'n/2.2pm ratio commonìy used in analysis of TM data. Note the lack

of well-defined minima in the critical areas.
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Figune 7.1 Geologic map of the Hamersley Basin showinE the

distribution of its major components (modified

after Smith et al., 1982).



PR!TER!ZDTC

ARCHAEAN

+

Vytoo cnd
Turee:Ck.

Groups

Honerstey
Gnoup

Fortescue
6roup

post Vytoo
6roup

Moddlno
Bosatt

+ + + 1200E

ewmon

+E1g 03

230S

Mop Loco,tton D En7

e20 s

ov,tt"noo,'n

Tor¡ P:ç\õ c

r70l +
118 OE

+++ +

+

+

+

e00E

+

+

+

50 1000 +

+

+

+ +

+
Dorrpie

++++++ ++Kltonetnes+++

?
+ +++++++++

++ +

+

+

+

+

+

+ Morbte Borl

+ +
ú

++

++++ Q+ + + + +

+ ++++++ ++

+++ +

+

++
::: Nu[ o.glne



Figure 7.2 Typical profile through hydrothermally altered basic

lava (after Smith et al., 1978).

Flows average about 50m in thickness. The altered flow-top

ì i thol ogi es are domi nant]y amygdal oi dal , greenf sh-grey, and

heterogeneous on an outcrop scale. Fresh material from the centraì

layers is grey, fine-grained and uniform.

Figure 7.3 Plot of total Fê, as FeO, for two metasomaticaìly

altered lava flows in the Hamersley Basin (after smith

et aì ., 1982).

Analyses of samples from massive portions of flows C and E form a

cl uster of pol nts of reì ati ve]y uni form composi tion. F'low-top

compositions vary widely, interpreted as being due to metasomatic

al teration.
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Fi gure 7.4 Metamorphic zone boundaries and sampìe locations

(mod'ified aften Srnith et al ., 1982) .

Z'I sampìes come from the Maddina Basalt (see magnified inset).

Other sampìes are from scattered locations, but main'ly in the vicinity
of Tom Price.
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Figures 7.5a-c VNIR laboratory reflectance spectra of typicaì samples

from Z-I of the Fortescue Group - weathered surfaces.

Most weathered surface spectra of 7-I rocks have the

characteristics of haematite, with a single, broad absorption feature

near.86pm. Note that sample 10112 is from an altered flow top, and

samp'le 10090 is from the massive, central portion of a flow. The single

goethitic spectrum (L}LLZW?, Fig. 7.5c) u,as measured on a different part

of the same sampìe as Fig. 7.5a.
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Fi gures 7.6a&b VNIR laboratory reflectance spectra of typica'l samp'les

from higher-grade areas of the Fortescue Group -

weathered surfaces.

Figure 7.6a shows the spectrum of a sample from the massive part of

a ?-IV flow. Note the similarity to Figs. 7.5a&b.

Figure 7.6b is the spectrum of another Z-IV sample. The lack of

absorption features in this case is attributed to lower surficial iron,

probably because of less severe weathering.



12s58 t{

H

E
F

L
E
c
T
A

N

c
E

F
E

F

L
E

c
T

A

N

c
E

.33S

.318

.2SB

.27ã

.2ãíj

.232

.2!.1

.18S

.188

l.940

l -7s5

1.850

1.505

1.380

1.2t5

t.070

925

10848 l{

55 85 75 85

7AO

MICHOMETRES

75

A

B

MICBOMETßES

85 95



Figures 7 .7a-c VNIR laboratory reflectance spectra of typical sampìes

from the Fortescue Group - fresh surfaces, and the

spectrum of Fe2+ (after Burns, 1970).

Figures 7.7a&b are spectra of 7-Í samples from the transition and

f rom a massi ve, unaì tered 1ayer, respecti ve'ly.

The absorption spectrum shown in Fig. 7.7c is of the aqueous Fe2+

ion in a soìution of iron (lI) ammonÍum sulphate, and is inverted

relative to the reflectance spectra. Nevertheless, the same overall

shape can be seen in all p'lots. Differences can be attributed to the

crystaì fields influencÍng absorption frequencies in the reflectance

spectra.
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Fi gures 7.8a-c VNIR laboratory reflectance spectra of pumpeìlyite-

and epidote-bearÍng samp'les from the Fortescue Group -

fresh surfaces, and the poìarised absorption spectrum

of epidote (after Burns, 1970).

Fi gures 7.8a&b are spectra of an epi dote-beari ng rock and a

pumpel ìyi te-beari ng rock, respectÍ veìy.

Fi gure 7.8c compni ses pol ari sed absorption spectra of epi dote

(dots, a spectrum, dashes p spectrum, solid'line 1 spectrum). Inset is
the absorption spectrum of Fe3+ in ferric ammonium su'lphate solution.

A'lthough inverted relative to the reflectance spectra, a number of

similarities are evident.
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Fi nrrno 7 OI I ysl s , .J SI{lR laboratory reflectance spect¡um of pumpÊlìyite

compared to radiance of a 100% reflector at sea level.

The pumpellyite spectrum is shown as the dark line, while the

radiance spectrum is the faint line. The radiance pìot contaÍns the

theoretical atmospheric absorption features present i n a spectrum

measured at sea-level.

The comparison shows that alì except the 1.8pm absorption feature

should be detectable in a remote sensing mode.



t

4
7
0

PU+OTZ

248,

2Ê7

2?.B

208

168

l4s

f29

109

f88

F
E

F
L
E

c
T
A

N

c
E

!.4 1.5 1.8 L.7 1.8 t.9 ?--O

MICHOMETFES

2.! ?.2 2.3 2.4



Figures 7.1Oa-d SlrllR laboratory reflectance spectra of typical altered

sampìes from the Fortescue Group - weathered surfaces.

samples depicted in Figs. 7.10a-c are from Z-I, that in Fig 7.10d

i s f rom 7-lT . Fi g. 7.10a depicts a pumpeì]yi te spectrum. Al most al ì of
the features Ín Fig. 7.9 can be seen here.

Figure 7.10b exhibits only some of the pumpeì]yite features. In
particuìar, the 1.47pm absorption feature is diagnostic. The 2.3pm

absorption is due to a mixture of pumpellyite and chlorite, and is not

recognisabìe as either.

Fi gure 7.10c shows a weak 2.z¡rn absorption feature (probably

kaolin). Although the minera'logy of this sampìe is pumpe'l]yite +

quartz, in this case the surface weathering rind is too thick to alìow

diagnostic spectral features to be seen.

Despite beÍng the spectrum of a weathered surface, Fig. 7.10d shows

all of the characteristics of epidote (see Hunt et aì., 1973a, p.91).

The feature at 2.32pn is particuìar'ly strong. Epidote is a resistant
mineraì, and presumably persists in the weathered surface rind.
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Figures 7.lla&b SWIR laboratory reflectance spectra of typical

metadomain sampìes from Z-I of the Fortescue Group -

weathered surfaces.

Both spectra have 2.Z¡tn absorption features, probabìy due to

kaolin. Figure 7.llb also has a 2.3pm feature due to chìorite, although

this identification cannot be made from the spectrum a'lone.

The similanity of these plots to Fig. 7.10c means that there will
be cases where SWIR reflectance spectra will not discriminate altered

and unal tered samp'l es.
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Figures 7.L?a&b S!.JIR laboratory reflectance spectra of chlorite- and

actinolite-bearing samples from higher-grade areas of

the Fortescue Group - weathered surfaces.

Figure 7.LZa is the chlorite spectrum. Note the similarity in the

2.3p,m region to pumpe'llyite (fig. 7.9). However, the lack of an

absorption feature at 1.47pm, and the presence of the 2.Opm absorption

feature are sufficient to differentiate these two minerals.

Figure 7.LZb is an actinolite spectrum. The shape of the 2.3pm

feature, and the shoulder at 2.4pm indicate this. A larger number of

spectra need to be measured before the feasibility of accurately mapping

actinolite in this environment can be determined.
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Figure 7.13a&b Sl.lIR laboratory reflectance spectra of chlorite-

beari ng sampl es from Z-I of the Fortescue Group -

fresh surfaces 
"

Both spectra have the characteristic chlorite absorption features

at 2.0 and 2.26pn.
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F'i gu re 7 . 14a&b SlrIIR laboratory reflectance spectra of pumpellyite-

bearing sampìes from Z-I of the Fortescue Group -

fresh surfaces.
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Fi gures 7 . 15a-c Sl^lI R I aboratory ref I ectance spectra of typi cal sampl es

from higher-grade areas of the Fortescue Group - fresh

surfaces.

The spectra shown in Figs.7.15a-c are dominated by effects due to

epi dote, chl ori te, and a chl ori te/epi dote mi xture, respecti vely.

Fi gures 7.15b&c al so appear to have a mi nor i nfl uence due to
actinolite. Prehnite (which has a 2.3pm feature similar to pumpellyite,

but different structure in the 1.4 to 1.6pm region - v. Gardavsky, pers.

comm., 1986) may also be influencing the shape of the spectrum in Fig.

7 .15b.
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Figures 7.16a&b MIR laboratory laser reflectance spectra of typicaì

unaltered and altered sampìes from the Fortescue Group

- weathered surfaces.

Figures 7.16a&b are spectra of Z-I samp'les, whÍle Fígs. 7.16c&d are

spectra of 7-II samp'les. All spectra exhibit the characteristics of

haematite (¿. Eberhardt, pers. comm., 1984). However, Figs. 7.16b&d

(from altered flow tops in Z-I and Z-II, respectively) are both quartz-

rich, and show an additional maximum near 9.3pm. The wavelengths used

for the ratio to discriminate altered and una'ltered samples are marked

by the verticaì lines.
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Fi gure 7 .17a&b MIR laboratory laser reflectance spectra of typical

unal tered and al tered sampl es from the Fortescue Group

- fresh surfaces.

These spectra brere measured from the same samples as those in Figs.

7.16a-d. Compare Figs. 7 .I7 a&c to spectra in Figs. 2.I2 and 2.1.3. Most

of the unaltered samples from the Fortescue Group have fresh surface

spectra of thÍs type. 0f the altered samples, Fig. 7.I7b exhibits the

spectraì features of quartz (its minera'logy is pumpelìyite + quartz),

while Fig. 7.I7c has characterisics that can be attributed to both of

its major components - quartz and epidote (see Farmer, L974 for

epidote). Note that the reflectance maximum of quartz in Fig. 7.17b is

at a shorter, and more commonìy observed, wavelength (9.2pm) than in the

weathered surface spectra.
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Figure 8.1 Photocopy of a colour aerial photograph of Peak Hill.

Peak Hill township lies immediateìy to the west of Peak Hill.

Scale of the photograph is 1:25,000. Position of Gold Fields' grid (see

Figs. 8.12 to 8.18) is shown.





Figure 8.2 Geoìogy of Peak Hill (after Bowman and Richardson,

1e78).

Position of Gold Fields' grid is shown.



PEAK HILL GEILIGY
A
N

l: .

t:
\.
t
t
I

¡
I

I

\ Sho,te,slttstone

Do.ctttc Rocks

Andesltlc nocks

Appnox, Geotoglcot
Boundony

L
\
\: .

t:
!
\

i::i.Ì' 
"

r: iì:j
'\A -v

l:
çl

l)0

\
a\t.

ù

I
\

,

j

(

l.
¡.
I
t\

.t
\I
I
I

\¡

\l
rl
Ì

1l
.¡\

\ {
\

l.

:::l::r
i'|t .
7."'

km
1



Figures 8.3a-c Representative VNIR laboratory reflectance spectra of

core samples from Peak Hill.

The absorption feature in Fig. 8.3a is weak (0.08% depth), and

centred at a longer wavelength than is usual for haematite (approx.

.87pm) or goethite (approx. .92pm). The samp'le is from below the base

of oxidation, and its spectraì features can therefore be attributed to

FeZ+.

The spectrum shown in Fig.8.3b is representative of the majority

of core samples collected above the base of oxidation. The position of

the major absorption feature ( .86pm) , and the absence of a shoul der near

.6Spm, indicate a haematite mineralogy.

Figure 8.3c does not have strong spectraì features, but there is

some evidence of absorption in the.65pm region, and a feature ìonger

than .9pm. These are charactenistics of goethite, although Jarosite can

also have a simiìar spectraì shape in the VNIR.
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Figures 8.4a-c Representative SWIR laboratory reflectance spectra,

with strong absorption features, of core samples from

Peak Hill.

These plots are good exampl es of the spectral properties of

pyrophyl'lite, alunÍte and iarosite. The strong, sharp 2.17pm feature of

pyrophytlite (fig. 8.4a) Ís diagnostic (see Fig. 2.5\, as is the shape

of the jarosite spectrum between 2.2 and 2.3pm (compare Figs. 8.4c and

Fig. 2.91. Alunite has a doublet near 1.4pm, a unique feature near

1.76pm, and a characteristic shape between 2.17 and 2.2pm (compare Fig.

8.4b to Fig. 2.91 .
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Figures 8.5a&b Representative Sl.lIR laboratory reflectance spectra,

with weak absorption features, of core samples from

Peak Hi ì'l .

Figure 8.5a is a noisy spectrum, wÍth weak absorption features.

However, the feature near 2.2p.n, with a shoulder at z.r7¡n" is remÍn-

i scent of kaol i nÍ te.

Figure 8.5b appears to have a poorly-deveìoped doublet at 2.!7 and

2.2vn. Thi s shape was i ni ti a] ]y attri buted to random noi se i n the

spectrum (note the noise level at other wavelengths), but repeated

measurement of the sample resulted in identica'l structure. These

features may therefore represent true spectral absorption. If this is
the case, a mixture of pyrophyll ite (sharp z.L7¡,ulr. absorption) and

sericite (sharp 2.2vn absorption) could be responsible.
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Figures 8.6a&b Sl,iIR iaboratory refiectance spectra of quartz-rich

samp'les f rom Peak Hi 1 I .

Note the unusua'l , broad shapes of the L.4 and 1.9pm water

absorption features. Similar structure has been noted in a number of

quartz sampl es contai ni ng fì ui d i ncl usi ons (¿ . Hunti ngton, pers. comm. ,

1985). This information is of little use in a remote-sensíng mode,

however, because of atmospheric absorption in these regions.
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Figures 8.7a-c Representative VNIR laboratory reflectance spectra of

surf ace samp'les f rom Peak Hi I I .

Figure 8.7a depicts the most common VNIR spectral reflectance curve

from Peak Hill surface samp'les. Like the core samples, the features can

be attributed to haematite.

Figure 8.7b has an unusual shape, caused by a significant coatÍng

of lichen on the surface of the rock.

Figure 8.7c shows some subtle differences to the maiority of the

surface samp'les. Like FÌ9. 8.3c, absorption at a longer wavelength than

haematite, coupìed with a .65prm absorption feature, is suggestive of

goethite, or perhaps iarosite.
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Figures 8.8a&b Representative VNIR laboratory refiectance speetra of

surface sampìes from Peak Hill exhibiting .95u.m clay

absorpt'ion features.

Both pìots show moderately wel I -deveìoped .9Spm absorption

features. Figure 8.8a exhibits the doublet structure (.956 and .965urm)

of kaolinite, whiìst Fig. 8.8b has a singìe, sharp feature at.95lpm -

shorter than most 3vO, features, but characteristic of pyrophyllite.
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Figures 8.9a&b st'llR I aboratory refl ectance spectra of pyrophyl ì i te-
and kaolinite-bearing samples from peak Hit'1.

Both spectra exhibit well-deve'loped spectral features. The

pyrophyllíte spectrum (fi9. g.9a) has the unmistakable characteristics
also seen in Figs. 2.5 and g.4a. The kaolinite spectrum (rig. g.gb)

probably has the strongest features of any peak Hil'l sample, yet it fs
the only one collected outside the alteratÍon zone deìíneated by Gold

Fields. The spectraì features frây, therefore, be due to intense

weathering, rather than to alteration.
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F I gUfes ö .IUað.0 PnOt,Ogf apnS AnO 5l'lIK I ADOraEory reT I esLdtlue spec Lrd or

muscovite- and iarosite-bearing rocks from Peak Hill.

Figures 8.10a&b show the rock surfaces measured (tfre black dot

indicates the precìse centre of measurement), and the resultant spectra

of, muscovite- (sericitic) and jarosite-bearing sampìes, respective'ly.

Both spectra are characteristic (see Fig. 2.5 for muscovite and Fig. 2.9

for jarosite).





Figures 8.11a&b Photographs and spectra of weathered and fresh

surfaces of rock from Peak Hill with unusuaì spectral

characteri sti cs .

The spectra'l features of this samp'le occur in weathered and fresh

surfaces, and are both moderately sharp. Both facts point to a

mineraìogical origin, rather than to lichen. The feature at the shorter

wavelength of 2.08pm appears at the same wavelength as that of topaz

(see Figs. 5.29a&b), whilst the longer wavelength feature appears at

Z.L7¡tn (tfre same wavel ength as pyrophyl I i te) . Nei ther mi neral was

reported present from XRD analysis.





Figure 8.12 Location of samples used in the peak Hill study.

See Figs.8.1 and 8.2 for location of the grid. Gold Fields'core

sampìes are shown as circìes, surface sampìes collected by the author

are shown as crosses.
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Figure 8.13 DistributÍon of pyrophyllite at peak Hí'll determined

from XRD of core sarnples and interpretatÍon of SWIR

1 aboratory refl ectance spectra of surface sampl es

(overì ay) .

The hatched areas on Figs.8.14 to 8.18 out'line the core samples

containing 20% or more of the minerals indicated (as determined by XRD

analysis).

Note the good correspondence between the location of the

pyrophyllite zone, as determÍned from XRD of core, with that determined

from the spectra of surface samples (overlay).
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Fi gure 8.1.4 Distribution of muscovite at Peak Hill determined from

XRD of core samples and interpretation of SWIR labora-

tory reflectance spectra of surface samples (overlay).

Both studies show that a muscovite zone occurs peripheral to the

pyrophyllite zone (shown for reference), aìthough more surface samples

were taken from the south and southeast for the spectral study (see

overlay). The muscovite zone is hatched with vertical lines. Where

surface samples and core samples colncide, there is good agreement

between the two ínterpretations.
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Figure 8.15 Distribution of kaolinite at Peak Hill determined

from XRD of core samples and interpretation of SWIR

I aboratory refl ectance spectra of surface sampl es

(overl ay) .

Kaolinite is widespread in core samples, but occurs in quantity in

a zone perÍ pheral to the pyrophyl 1 i te zone, and overl appi ng the

muscovite zone (both shown for reference). The kao'l ínite zone is

hatched with sloping lines. Although the spectral study shows that

kaolinite occurs most commonly peripheral to the pyrophyììite, there are

several kaolinite samples within its zone boundary. This may be due to

some additional control of the kaolinite distribution at the surface by

weathering, or it may be that kaolínite's spectraì effects are strong

enough to be seen at low concentrations.
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Fígure 8.16 Distribution of pyrite at Peak Hill deternmined from

XRD of core samples and distribution of jarosite

determined from Ínterpretation of SWIR ìaboratory

reflectance spectra of surface samples (overlay).

Pyrite occurs most commonly in the pyrophyì I ite and muscovite

zones. The pìot and overlay show that there ís not a particular'ly good

correspondence between pyrite in core and jarosite at the surface.

Jarosite occurs only on the southern slopes of Peak Híll, and its

distribution suggests that an additional geomorpho'logical control is

like'ly, rather than in situ weathering of the most sulphide-rich rocks

al one.
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Figure 8.17 Distribution of alunite at Peak Hill determined from

XRD of core samples.

Al uni te determÍ ned from xRD of core sampì es shows a strong

coincidence with the muscovite distribution (see overlay). Alunite was

Ínterpreted from spectra of core samples (despÍte the estimated maximum

content of L0% shown for these samples). The absence of alunite

features in spectra of surface samples is due to a dearth of the mineral

in outcrop.
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Fi gure 8.18 Summary diagram showing pyrophyl'lite, muscovite and

kaolinite zones (determined from XRD analyses of core

samples) compared to minera'logy interpreted from SWIR

spectral features (overlay).

The resul ts from Fi gs .8. 14 to 8. I 7 have been summari sed and

presented together here.

Note the location of anomalous spectral features Ín the north and

northeast of the area. Three of these samples have tentatÍvely been

interpreted as topaz- and pyrophyllite-bearing, whilst the last has

tentatively been interpreted as diaspore-bearing (although XRD analysis

has failed to confirm these interpretations).
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