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~are covered by plantations, the interferefice from the two types of vegetation

~ present (ie. naturat and cultivated), were mmaliy comdered separately Inan =
~ attempt to isolate the forested areas from the natiiral vegetation, masks derwed- SRR
_through nnage clasmﬁcatmn were used to- dxft‘erennally nhance the vanous K3

- Various methods- and’ t'e'éhﬁiciueé aew'fewﬁed"b? * researchiers .' worldwide for _'
- _enhancement and processing ATM, MSS and TM remotely sensed data are =
SR tested on 'LANDSAT § Thematic Mapper dat& from a part of the Barberton SRR
- Greenstone Beltstraddhng the boxder between the Repuhhc of South Afnca and”-‘ o
o the ngdom of Swazﬂand | . . S S

o Vanous enhanceme nt techmques emPiOYGd to facﬂltate the extractxon of EE
- structural features and lineaments, and the findings of the ensuing.
. ‘photogeological interpretation are compared ‘with existing. geﬂloglcal thags, oy
. Methods' for the detecuon of Zones of hydrothermal alterauon a.e also it
k __ycnnsmlered L S P

-_-:"The reﬂectance fmm vegetatlon, both natural and cultwated, and the possxbie'-" -
| réduction of the mterference caused by this reﬂectance, are considered in de‘taul o
- -. Parfial unmixing of reflectances through the use’ ‘of various methods and L
techmques, some of W]lléh are readily avaﬂable from the hteratu:e, ‘are .
performed and its effectiveness tested. Sineé Iarge areas. Wlfhm the smdy area.

- Results mchcate tha.t the use of any parucular mcthod to the exclusmn of al.l'- o
. others will sermusly limit the scope of conclusmns possible thmugh interpretauon .
~ of the information present. Enhancement of information in one domain will

- inadvertently lead to the suppression of information from one of more of the co-
- existing domains, A series of results from a sequence nf procedm-es interpreted = - -
in pa.ralle] will in every case produce mformauon of a mgher declsmn mak:mg -
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_'_:less tune in the veld gathe:%g data, and more tn.ﬁe m the of.ﬁce dlssecung,._.f '- JENRE
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: 'follovnng @bout a manuscnpt 011 the Barberton qultam L’md bemg
-submnt:te:d S, The revmmn of 1ts [the Barberton area] mappmg was undertaken

w w1th the purg,gs e of‘ obtaxmng mgre detailed informanon on :ts

comphcated Mraﬁgraphygnd geniog;cal structure, assessing -nm-e

between strucmre and ore depomts.. y [From V:sser DJ.L. (1956) \}‘

e
L

e L

| ___In 1956 Dr F, C Tmter, the fhen Du-ector of the Genlogzcal Swey, Wrote the li."f-i:'l

accurateiy its mmeral potennahues, and estabhshing the rﬂaﬂﬂﬂ -

L _S?nce then, and gmded and msplred b}f the maps accompanymg ﬂ-ns Spemal_i »
FI pubhcatmn, quzte a few studles qf a mom detalled na‘:u:e Were Uﬂdertak en by o

geologlsts and resea:chers from vanuus mstxtuuons The underlymg Ob] ecnve, Df:-:'f. .

LI o
PP

a,il these smdles were to further mir MEE of the area, and aach and :._._ o
._ - . evelyone contnbuted to our kmowledge and understandmg of tha Barbertnn > _. |
'Mountam[and _ /ﬁ e o H -

Durmg the last decade or so, new technologxes mcreasmgly enabled us to spend. -

o digesting, mterpretmg and eventuaily compomng r.hat Pzecewhlch could complete“ |

_the puzzle

- Th_is study is aimed at providing one of thosé’%leces h :

B]
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- -._-_T]:us smdy centres on an area jUSt to the eaSt of the taWn of Bagpgrton m the -
- -?_\_'Egsgem Transvaal, Repuhlzc of South Africa, The RIB& is GOVéf ﬁi by. par ts Of 5”‘
| 1950 000 sheests, v1z 2530 DB Kaapse I:Ioop & DD Nelshaogte, 2531 CA Sheba, o
o . _"":-_-'CB Kaapmllldﬁﬂ, CC Barbel;;on & CD Shzyalongybo. It lies rcughly between rt' ;j_'_ :
30°57*: 25°38’ northwesterly and 31“23’ 25“5'7' éoutheasteriy and mcludes the -
-'-_'-'---'northweStem part of "‘wamland e N

 Photo 2.1 Part o the 1.250 onﬂ Topogmphiealmp cwer!ng the studr area |

S Topographlcally the Ba:berton Mountmn Land mmpnses a smnes of nearly ({: _—
(L parallel ranges of ru,,ged mountainé‘ksepa:atedbydeeply mcised v—shaped valleys |




Ei‘

o 'Ihe ranges oonsmt ﬂf.mnly of quartzs or chert, whﬂe tha valleys were cut mto
softe.r shaly matenal. Tha northWestem path of the area c0ns1sts ﬂf a basm,

o .formed ﬂn the Kaap Valley Pluton, whach hes a.round ‘?00 meters lawer m > _' ..
B most the mountam Iand 1tse1f Rwers i the area drain tawardy the qgﬁheast i
_— The town of Ba.r'berton hes at the foot Qf the rum.mtam land, thh a vzew tﬂvi:ards

”'_'_'_'_g.:“"_:_the uorthwest, Qver the basm.

_ .t:'.i-"_
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- Photo 30 Parto ot‘the 1:250 000 Genlogical map cevering the study arsa -

31 Barberton Sequence

L The Barberton Sequence comumtes the ma]or part of tha Barberton Greenstone

Belt volcano-sedmentary pxle‘ The sequence has been divided by SACS (1935) B

PR I

into ‘hme 11&101051081 STDHPS‘ a dommantly Volca.mc Iower assemblage, the o

'-Onverwacht C:reup, anda dommantly sedlmenta:y upper assemblage dzsplaymg |

the Iargely arglliaceous Fig Tree Group and the lasgely are\*naceous M-aodies- __

‘ Group The base of the sequenee is nowhere exposed. Aithough ﬂlscbnformable_ R

B
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| Mg
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Facma
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and me mfdﬁmable mlanonshxps exlst locaﬂy, the. sucaess:on as a whole 1s. " ]
S \\ confonnable iTahieBl) T e e

omsis of t“’lj\:vell deﬁned g:eolo,?.lcal entmes, tha, group is Subdm‘ied mt,u |
L th '_ i \,ﬁc and mafic magnesmmnch laVas of the Inwer Tjalcastad qugroup, _' o
';:. and thc m andhmtermedxateato ae:cl volcamcs of the upper Geluk SIJPEIDHP :' - -
- Apersistelit chertl band, the Imddie marker, at the. base of the Hooggenoeg” R
"Formanon\Lepa:a{Bs the’ Subgroups Each of the Subgrﬁups 1s dmdecﬂ mto 3 | BN
.:'i;:.._'.'_'fonnatmns The Tjhkastad Subgroup is preserved around the PenPheW Of the :

[l
i.o.

SRR Barberton %"e&w wlule the Geluk Subgroup is’ conﬁned o the southem and o
o The Flg TTeiL Group consxsts of gpaywackes at the bottam, shale wrch bandéd_‘_""' Y
- *'-__?::f-femsmous qhﬁﬂ in the mx&dle and mamiy volcamc rock on tap, and is cimded o ‘
mm three; fcxrm.a.uona.. o e T |
o 3 13 Moodnﬂ,s Group

.3;-'

o Couslstmg oﬁ repeated cycles of arenaceous and argﬂla.ceous rocks with 2 well.?._ e
| ;_;:_developed aﬂd perslstent basal congIOmerate, banded magnet:te jQSplllteS and .
i %{poorly exposq,d basaltic Iavas, the Mood1es Grot:ps is a!so dmded mto three R
_5-f0mnom‘ & T _ . o

. r' .
N/




. metaxh rpl:usm at the qontacts with the gramtmds, the Onverwacht volcamcs have

b been dpgraded to tﬂe upper greénsblst facxes and lqcally cven 10 the

B metamnrphtsm F

amphlbibhte and vgranulm.e facws with. 2 very nanow lugher grade aureole

Regardless af thﬁli high g;ade contact amreole present around mclst of I:he

ﬁ

mdmdual gramtdids the :rock stlll retmn a fabnc mdicanve of regmnal

. Formatmn

'The dykes show cons1derable vananon m texn.re and mineralcrgxcal eomposmm, B

B

: The whole muuntam ra:nge is alsa eris-crossed w:th d:abase dykes, pnmanly o
- -:_f:_‘stnkmg northwest.southeast, formmg consplcuaus topographlc features These-' S
B 'dykes cut across the folds and faults assodatedmth the orogenic movements that' S

| c:aused the formatxoh of the mountam land and am older than the. Godwan_'__'- e

e varymg fmm mastly typxcally maﬁc tn more felsm types The leucocrauc hyhnds | o
"-___are thought to have formed due to the ass:mﬂatxon of gramnc or snhceous e



R ‘.typlcal dyke shows an eqmgranular rnedmm gramed rock%th 3 dark green to SRR S
S greemsh g:ey fresh and bmwn weathered colaur The mmeral assemblage is |

'typmally ortho;nyroxene and oimne, vnth the orthopyroxene altermg to a fme
= 'needle-hke acfmohte (V1sser, 1956) | | -

j:"::dxstubuted over the entire. Barbertou area. Whﬂe they Calf dlSPIaY a 1°°a1

B

R _sedlmentary matenal, and show quartz and mmropegmaute mstead nf ohvme. A s _' } 2 '.-'

T

B4
"ot

e
A

.

) Z._:Dykes of Ka.mo dnlente shﬂmng a stnke of generally northeast—southwest, are;': RN

Ty
- LR
>

: abﬂndance wm‘ the" m"d‘”m W‘dth fhe}' are not nearly as tﬁngIaPhlcaﬂY '_ T
'lmposmg il the dlabase dykes Rapn:i dmmegfatmn haﬂ, however, 4 marked'_':f .  :_ o

- effect on the development of the dramage pattem in the area* -

- 'more than 10h10metres o o

L Very few of the dolente dykes show perslstence for mare than a few kxlometres._" _ i
. 0“"‘ of the more mtﬁWOﬂhy CXCGPHOHS in the atudy area stretchcs from Jhe S
B "_Swazuand border in the south to Thfe‘-‘« SlSterS in the northeast a dlstance ﬂf e

LT

. The Karoo dolente in the area isa remarkable fresh ﬁne gramecl dark, blue -

. 3.5 Folding and faulting-

'. gray rock ‘:nat weathgrs to dlsplay a smnoth, graylsh brown surface.

o

 Intense faulting and complicated folding of the rocks thas built the mountain -



L __ _exammatmﬂ 1t 13 apparent" thal: the generaj trond of the foldmg axes ati: mughlyk F

e 3.5.1 . FOlding . ) .- I]I/ . : .. - .. h . o sr | f | .. \ (

_. ;-The Onverwacht Group Iavaé dmplay a fmﬂy umform coiﬁposiuon, ma]qng
L ._'_determmatmn of the extent amd nature of the foldmg Wlthm the, group 5 ther B

: _1anﬂ is obmus fmm any senlogical map %f the Ba:berton area. on closer

- -. east-northeast and west~souﬂmrm ’I'hls is also tho trend of tho longer Stnke

PO . BV L kLt

”J

S - dlfflcult, Beoause o’f its masswe nature, the rocks Wlded mos*. m sheanng and

S some shear cleavage. pIanes is msﬂ:le in some of the deep va.ueys 1eading oﬁ to _3 o '.

RS the east
L “.{Il E

i&..

.'}[ X - o . A . L I T b) S T :

. The thmly bedded predonnnantly argx.llacoOus seclunents of the Fxg Tree Group
 have been mtonsely deformed, rosultmg ina senésg?of moclmal folds ‘I'o the

a -south of Barberton, these folds havo a stnke of roughly northoast—southwost a:mi

' numerous crossf {ds occm- To the east end northeast of tho town numerous c

N synclmei stmctures occur, some bemg separated by annchnal stmotures

| 3511 The BuskaMoodes gmctne

= Group

s .'Extromoly complex foldmg is charactensuc of the F1g Treo beds ifs the Shoba o
and Hlambanya.n I-Iﬂls o .

Coa

o

'Becauae of the coa.rser ‘more heterogenous and more competent nature of tha |
o -beds of tho Moodxes Group, only a series of simple folds resulted from tectomc |
- actlon. _‘I‘he beds are largely presemd in synclmal closures mthm the F:g Tree



i ]One uf the most consmcuous str:uctural elements of the a.rea, rt stretehes 'fmm;ﬁ.

--"'1'0115111? 31“16" ‘1o 31°06' 'eaﬁt and frem 25“41‘ ta 25"48’ scnrth and even_. P

o :'beyond to the southwest. The axzs of the synclme changes &em appmtely'_:

east-weﬁt m the east to almost north-seuth in. the southw‘-"s" The bendmg 15’-1 IR

_accompamed by ﬂae development of tension fxactures along\ Zhe northem 11 mb'_--"_-' o

and cgmpressmn faults along the southem hmb of the s;mclme. 'I‘e the:_'
L _- ._:-_'-_northeastem s1de of the structure shear fa.ultmg Qcm .

._rf“

_. '--.The contact between the Moadles and Flg Tree beds te the smuih i e_' &
- charactenzed by masswe sheanng as well as overfoidmg of the beds trom the B

B southeast. _'I‘he fault boﬁndmg the synclme m the east may very well cenunue __ L

n ?beyond the mam Barbermn—Havelock road, possibly even as. fa: southward as" ) S

_ .._.Concessmn Creek on the t'arm Brommer 28 (aPPTOJﬂmately 3iagz, E 2 Sﬂ 49-', S) e

"AIang the northWestern nm of the synchne the basm rocks ot‘ the Tjakastad =

o _.Subgroup are mtruswe mte the Moodxes Group, but the contact 1s marked by' -

-extenmve shea.rmg of b@fh formauons

H
h

=Ty

. o

. Sxtua.ted between roughly 31"14’ 25‘46’ S and 30"59* E25“52’ S, 1t alsﬂ_' S =

B dxsplays a change m strike duectmn from Westnsouthwest to southwest fromt north - i

o south The synchne is. tetmmated on the sou‘chwestem s1de by the Inyoka famt, . 3
| ____whlch stnke northwest On the westem sxde the synchne is bounded: by the - |
_ -sa.ddleback fault stnlu.ng northwest and cuttmg progresswely hlgher aﬂross thei C

o ”:nerthwestem ﬂank of the 5yncline



L 3514 Emlembesynchnonmn R

e Thc s}’nchnorium, cons:stmg Of 2 senes Of 51111131"-= antxclmal a.nd synehnal e o
o IIStructures, can be ﬁmmd m a northeasterly dlrecnon_ from mughly S

'31"03‘ E 25“‘53' § to paSt the ed'ge of :he arez. It is bmmded on rhe 'nartthst e

ﬂank by the Inyoka fault Smee no marker hﬁmons exxsts heﬁe, mappmg Df theé' : |
- '_._""fOIdaxesa:edﬁﬁcuIt. ' e R

‘-'1;;?""?"" EA

RS Traceable along the Swazﬂargl border from roughly 31"13' E,25“52' s a

o southwesterly dlrectmn, the synchnonum vanes i wuith, wnh a senes of thre,e'j‘ _ ; L

synclmes separated bY two. ant;chnes at the mdest pomt (roughly\_'_f R

) 31@07: Ezsusa: S) 1 o {_ . i - S r _

| _3.__3;51._2_Fau-_1_t_iug

Pa,rallel with the foldmg deformanon, large sca.lﬁy faultmg also uccurred The ) .'

_pnnmpal faults stnke mostly parallel to the regional strike of the bed& Sevaral .
_smaller faults cut across the beds at angles rangmg from as much as 90" toas -

lieas afew degrees Movement along these obhﬂ.ue faults seems 1o lz:.g: heien_"": o

. horizontal in pature, In ggnepal the m__eeh_a_ms_m of t‘aultmg is _extremely. com_plt__ex. I

3521 Strike faults

__-352,11 Shebafauh R N
. Running from the southem 51de of the Eureka Synchne, 1t i a hlgh an gle__.._-_"_



N '_'werthrust along which the argzllaceOus Sedlments af tlre Fxg Tree Gmup have

R been pushed over the more arenaceous sedzments Dt' the Moomes Garoup : 2

- :__'-_.3.5.2.1.2. Scotsman faa,ﬂt BEEERREE \) - o S |
Sltuated mostiy mthin Fl,g Tre.e sedlments a:nd stretchmg roughly’ from

: o :"31“20' E 25°50" 8 in an&rtheasterly duectmn, its uamze, is dzf.ﬁtmlt t6 detemue -
SR _"due o the Iack of ma:ker bedse :':”. o ""“% .' o --:1.: “

. _; .J_

35214 Saddlebackfanlt R S SRR
" :-,_Runnmg roughly paralle] thh the Barbrook fault, it tenni‘uates in. the south-:' S

o e T : e B &
: - :’-q R .on PP

- 5 . oo

Sal . fE .. PR D

; 3.5.2.1.3 Barbronk fa..ult \

- Vmbie from about 31“04’ E: 25"4’7’ S to the northaasterly edge of the area, 1t
| Sepa:ates Fxg Tree sedlments (ﬁoﬂh) and she Oﬂverwacht volcawrs (south) m
the south and t‘alis entu'ely vmhm the seduuents of the. Fig Tree Group i the.

: lmddle, where mylbmte is ty'plcally present a.long the fault plane‘ ’I'hls zone of__\,{‘_’- o

i+l

o s :_ mylun;tlzaﬁon czga:actenzes the fault all the way eaSt aiso where 11; separates Flg e
R 'I'ree (norﬂl} and the Moodles (south) sediments in the nonheast

. S'-.'
L

agamst a. &ast—weat Strl.klﬂg Dbhque fault. Iﬂ the m.l d d.le (app tely S

3.5.2.1.5 I.nyoka fault o

. _'(southeast} and Fzg Tree sedlments (northwest), exoept where dlabase occur to

N 0"07* E 25°47" S) it is dxsplaced along an. obhque fault striking. almost no:m-f*t e

- south Somh of, Barberton it separates the Onverwacht volcamcs (north) and the

F g Tree and Mocdxes sedunents (Sﬂllfh) on the northem limb of the Saddleback.”' | ,,» T
" s;rnchne To the east it Joms the Inqua fault

| Havmg a persmtent n@rtheast-southwest trem, 1t separates Mnadles quartzﬁes_' ¥



. " 200 moters souti\n\east of the Inqua fault

o 352-20b‘1quefaﬂlts e -

others seem to branch o& from the stnke faults

|| -

'the north uf the f&lﬂt To the southwest of tho area a paxalIeI fault ocours sorm:

'ﬁ;‘ S e ’

. oo

& = Although thny are. not a5 oxtens:ve as: the strike faults, they oevertheloSS l‘réva
' .tt:;pi}raphlc SIgmﬁoanoe. AImc}st noné of these faults foliow a stragg“ht coume‘;_'_;' - e
g SOme of. the obhque faults cut across ané’mspiace mme o‘f the stnke faulta‘ e

u”“-/

o R

R awearsthat none of the obhquefaultsare mineralized; -0

L3 n«nnerﬂizationmme BarbenonMountain Land

| _. ':'Gold has been mmed in the Moumain I.and for over a cent_ury Smce the first;_ B
| producuon in 1884, more than seventy pe.rcent of the productmn came from four S -
. mmes in: the area Sheba, New C‘onsort, Fazrview and Agnes gold mmes The-; S

: renlammg thsrty pe:cent came from some 350 occut‘rences, often nothmg moro.f

‘ L

thanasmall workmg or ashort Iwed prospect. o S m

| Dlsm’buuon ofthegold sé‘oiﬁs to be closely hnkedtostructuraldzsmrbances, o .

'ﬁdwevef, notall thestructural feahires' are gold "béariné' Most of the dépOsits: o
: seem confined to areas to the north and northeast of Ba:berton, lmown as the |

B amestown and Shoba I-Ilﬂs area, and southwest of the town, in the Mood;es_:_'_'_'-_'_: g .

v




Ty

Fi PN

‘__z. P

b volcamc aSSemblage. These mcks m'e percerved to have been the pnmary somce. g

In Swaz:land gold occur& a.lnn'g' .th e gram te- gréensmne contacts m the I-Ihchho.
Plggs Peak and Forb&? Reef areas It is thOught (Aﬂha,eusser, 19869.) that the__ ._
ahsence of mmerahzatmn m the cefntral part ci" the Mauntam Land south 0f the_. :
Barbraok fault may ‘be du.e to the absence of rocks from the Omemacht Gi-oup-:_'

°f EOId and Sulphldes for mmerahzanon. In addmon, the dmtance frnm the-*- o

amte«greenstone cont'l,ct also seems 1:0 have a mgmﬁcant‘ eﬁect on'-'__

)}

Other occurrences aré found along, a.nd adjacent to, the, ma]m- stnke faults" g
Scmﬂm I-ﬂ% Albion. Sheba, Barbmok and Meodies fazﬂts |

nnnerahzaﬂon, smce smtable strucmral e:mmnmén.s db ex:st m the area, but U

no rmneralmatmn have been found

B L

'”_f&g;gmﬁgnﬂ-::~

’I‘wo pmmuent structural features aocount for most of the gold productzon in the' R

Sheba Hﬂls area.

\'I

3611Eureka synchne el e

Most of the current praducnon of gold are from reefs occumng on the umer arc L'

Sheba mmgs. R

The rmneral deposﬂs in the Eureka synchne owe theJ.r ﬂngm to str.xcmral

parncula:

L\
hat

| :3 of the SYﬂcIme Ai}, these occurrences can be traced to e1ther the meew or -

. control, the lccauons of the ore bod.les bemg determmed through fanltmg in o



I'..:_I_;Numetous tensmn fractm'es radiate about the arcuate cture, whtch cons1sts }

8 '{i'._-'df structura]ly oompetent Moodles quartmte mterlayer Wlth shale, sandst(me \\
_ - and subgreywacke Most of the gold mmed came from the%gald-quartz vems m ’
- these tensmn fractures (nggett et al., 1935) o sl S \

" '-":-=_On the southam and eastem lmes of the fold ben:veen the Falmew and Sheba

3612 Ulund1 synclme e

) :".i'_-mmes, numerous fra,ctu:es are ﬁound the onentanon of which approxxmates that

_-'Qf the Sheba fault ‘These- fractures are thought 0. have been J:aused by
o concentnc shaarmg due to stnke: mov‘.ments betwcen fold units Mmerah?atmn
o was ﬁue to the Iater mﬁltranon of hydrothermal ﬂmds ) o

In general, 1t seems that the dlstance t‘rom the Sheba fault have a dz.rect bearmg

S on the uverall abun,dﬂme of minerahzatton, wzth the highest proqbcnon yuald

e

R S

o 'I'wo of the b1ggest m:nes, Sheba and FEUI‘VIGW, are located symmemcaﬂy abOut -
a _the northwest onentated fold axes o£ the Eureka and Ulundz synchnes e
o -' Most of the mmeraﬁzatxon in the Ulund1 syuchne is eplgeneuc 111 character, smce 3

. the minerals afe present in concordant and discordant fractures in greywacke

o and shale of the Sheba Formanon at Fa.lmew mme, a.nd also m a zone of schxst

- and assoclated banded clicrt in the Swartkoppie Furmatmn ai: Sheba mme

. }I,\‘_‘:b. .- I ,.:.__'. :

- . 'The fract'urje_s rasulted mainly from tangential shear movements produced during -

o foldihg"episodeéi _P'ayable'.g(ild- areusually found in discrete, shorter pay siloots.



' _ » oftheAgnesmme,wh:ch is’ one ofthe four large mmes mthearea. o

o u{l'enularly sPaced along stnke of tho mam fracturo (nggett et al 1986) R

o al S ;', oy

s Pracncally alI the gold mmora}fzanon in the J amostown Sch1st Belt is structurany':"‘ ':'.Z_{ | 3
" controlled bem.g confined 10 fold, faulf. and shea.r zones. };’.};cept for two Iarger :
Producers, Woroester and New Consort mmes, a 1 the other deposn's were sma]l T

':"jpro_chroe_rs

- '-'-Th" New Consort mme s su:uated at the contact betwoen the maﬁc and E

- ultramaflo scluSts of the Onverwacht Group and tho overl\{img F!.g Tree k ﬂ' |

- :_ : assemblage consmtmg of metamorphosed shale sedlments at the bottom and

AR

s

';_""feldspathlc tuffaceous greywacke on top

R * The mmerahzauon i assoclated wﬂ:h 2 ﬁne grame‘& 5‘11010“5 zone “’h“’h - -
| '."sepa-rates komamte dommated Onverwacht rocks fmm ﬂi’e Fxg Tfﬁﬂ,'.: - |
RBE metasedlments 'I‘h1szone, known as the Consort Bar (Voges 1986) is afﬂ“ghl:)’:
-_-.fourmetres thlck, lntenscly folde-:? apd oontorted in pla.ces, lammated and hlghl?' -
o sﬁlceous chert rock w1tn mterlayered sulphlde rock bands B
’I‘he go[d ennched sulphlde bands are found above or below the Consort Bar o R
:"overadxstancoofabouttwometres o R I
362 .Moodies_lﬁlls'_ Co

. soumwest of Barbertoﬂ the greatest clLIster of goid depos:ts om in th & vi fnmty ;-




L - ou.t along the Barbrook fault M1ne§ in the area p.re Iocated i gﬁeyWacke’ shale,[j -

v .. .

363Region eastofBarberton o &

L found close to shale grevwacke contacts or alnng céntacts wnli chert layers
Where shears | ]om, or diverge, an. mcre.ase m the degree of sm::ificatwn, which

o _usually show good gold va.lues, is often appa:etit. PR

B 'As wnh most of the mmerahzanon i the Moutltajn La.url the 1neati31“§.0f the.:::-
o -nunerahzatmn d:spiay dlstmct:ve ewdence of structural cﬁntrol. Thé gold beanng | -. |
pyritic zonies generalljf straddle the contact between ealcareous’\m@stone and .

.: 'more shaly umts in, & zane several lmndred metres wide The gﬂld Is nommuy : .

'-_notwmble. Co e e e e

o A.reas of pnme lmportance are situated in ‘E‘he 'l’ﬁree sttemregmn aud stnmg" B

o banded u-cm farmauon and chert of the Flg 'I‘n e .rroup« Shears are generally. v



.

o '_Smce thls study was undertaken uging only LAN‘DSAT Themauc Mapper data,'- | _
- other sensars sysnems and platfurms will not be deale Wlth in detazl. I-Iowever, :
- 'j‘_'qmte a few of the procedures evaluated of used were 111 fact denved b§ theﬂ |
various workers usmg data ﬁfém other instruments The smﬂannes and___._'
e dlfferences between these i‘nstmments wﬂl be indlcated where necessary .

_\Tr

KR P

. pm) o0 --S:peetral ‘Spectral | - Spectral - § Spectral
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Table 4, l Gennraliu;d Spr.ctral Band—pasacs for ATL\L MSS, TM and SPOT

One of the mstmments whose datasets feamre quxte prommer;tly in’ the '

':'4;13;




P
i

G |1 .-

o | .':_htham:;z, is the Eﬁaedalm AADS-1268 “Axrhome Themahic Mapper" (ATM), |

_whlch nngmated as kY s:mtﬂ.anon mstrument for the, not-then-—launchcd |

' "'V."'_LANDSAT 'Ihematzc Mapper (TM) The A’I‘M scanner employs 10 wectral-fi

: ': _bands ua the wsnble to middle mfrared and nne bmad band thermal infraredv- - s |
" channeh featurmg the same spat;ai res:ﬂntmn as the reﬂectxve charmels (unhke . : |

U L the ‘T’Mb The spectral sxmﬂanty is apparent from Table 4 1

_-~3'Despita the extra channels the A’IM remmns a broad band multl—apphcanon 0 J h
o mstmment. It's main advantage aver TM s the mcreased spaﬁai resolution due

- as geometnc distornon, namumfam scene 1llummatxon amj li:mte,d vaew often B

_' to ?he 10w¢1' ﬂving h1ght Problems common ‘to alI alrcraft-based scanners, such: .

. .negates any percewecl advantage fucrag.sed spatlal resoluuon n;ay brmg |

-’ffr- . R

v )"J .
- [T

e

e
e,



Ty Prepmcessmg, BRI

" 2, Image Enhancemem,, i ;‘

| L 4. Multl-source data correlatlon.

SL Preprocessing . . Lo

Cow
. X [

5. Image processing te_éhi;iques e

. -3-  'remotely sensed data. The aun is of cou.r\é to present the data in Such &Wa? that

3 Classification, and ’ N

Smoe ti*ra current research exciuda& the last category, only the flrst three wﬂl be

) _.dxscussea

[V

. .’__&
. ‘?3

- Durmg data aoqmsmon, vanous grrors routinely occur Preprocessmg is nedessary

o correct these eitors, whlch can be divxded into four ‘troups.

2 Platform effects Attntude vatiations (ml], pitch, yaw), alntude vanatzons,

scan skew and Spaoecraft velocity changes; o
b) Sensor eﬂ.‘ects Mirror scan non—lineanty, detector samphng delay, detector
e blas/gam, geometnc perspecnve and panoramc dlstoruon, :

'useﬁll mfomnon cmbe g{gwed from, the processmg product. Four descnptwe o ; -



= mterpolatmn is done through a geometnc coordmate transform&tmn, canstructed . - R

| '_associated map coordmate of the same pomt

| R .-Sensed in the t‘u'st place, the apprommat:on ranges t‘rom spot on to clos o
for the overall d1fference to be neghglble. The techmque used for mtensuy -

c) Scene effects Earth rotatmn, curvatu:e and elevanon, and
d) Atmusphenc effects Atteuuauou a.nd scattering

._ Durmg geometric correction al'id mage I'QBIStratlon a uew gn d for the spatlal

-necessary to resample the data to ﬂt the new. relanve posmons This Spamal'-" |

L Whﬂe the radmmetnc value of the dxsplaced pmels no ionger represent ﬁhe value -

| '.'-radwmemc va.lues of the plxels. .

" Three commonly used resampling routines arer’

Fgare §1 Neavest Nelghbour

1 Nearest Ne:ghbaur A zero order

mte‘rPGIatmn routlne, whlch is g o

- comnutauonally efﬁmerit and does § _E =
"~ not alter the pixel bnghtness vaiues' T
. during resampling, The value of t_hg i

B

enough o

o Smce most of the radmmetnc correctwn and preprocessmg are dong a the R
S recemng stanon as part of the service to the custcmer, 1t was only necessary ‘Eor R

B 3:_] 'the antnor to do geometnc correcnon durm,g t,he data preparatmn phase -
o .dlStﬂbllthn of the plxels is constructed. For the data to fit th:s new gdd, it is_ S

by 1dent1fymg the geome,tnc relationshlp between the mput p1xe1 Iocatwn and the . o

- mtgrpolatmn will detemune the dlfference between the ongmal and resultant o o



R closest mput plxel te the corresponding one in the transformed eutput N

- array is a.ccepted as equal to the new one* e

2 anear Interpolanon ’I‘hts fxrst erder-_

 routine assxgns output plxel values__ 3 o

v by mterpolatmg bnghtness valuesin- T
e _-l‘WO Onhﬁgonal dlrecttons in the_ Ehaics

"-"_"-_asmgned a bnghtness value' s

" o 'calmﬂated as the dtstance wezghted average value ot‘ the four mput pxxels

RS surroundtng the tra,nsformed output ptxel and

) 'C’}bi'c c:oﬁvamﬁou - The distance
| wetghted average value for the 16_

closest mput ptxels grouped around
o © any new pixel 1;_.s_t_depted._

-.._:_'ff_; )

: - 1t follows that ‘the accuracy of tl:le output T ——
_ .values, statistically Speakmg, mcreases from one ﬂu-eugh three. The resamphng a
_ method used for thls smdy was cubic cont?ohmom '

§2 Single Band Iin__nge Enhencemett_t .

preprocessmg phase it- should be noted that some enhancement mutmes are--_' | _' |
o 'powerful enough to produee stand a.lone results, therefore the author believe xt . |

S S

QUTPUT PIXEL GRID

N Although euhancemem tnay be loeked upon by some as part of the-'

T

“Figure 53 Cable Gowvoisfion

1]



Ethrough eltherlmear or non-hnear procesﬁes. IR R WA

S Linear stretcbiug (Fzgure 5 4) is thg easmst' : L

L

to ratherbepanofthe Pmcessmgthan thepreproqessmg pha.se, o

- __Smgle 1mage mampulauon ooncentrates“pn applymg successful euhancemem.._ -

o :"techmques to a smgle bénd or u:nage Some of these tachn.iques are dzscuésed;' B

o .. below e

S

'Cha.nging the range of grey levels vmlnn an unage is often thn mngle most'

_ révealmg and mformauve operauon perfarmed on’ the scene. The teclmique'
S jmvolves the calculauon of the DN range for- each band, wh1ch is then dlsplayed_ ) L

i 2 hmtogram. Typmally the llmus of the bnghtness valnes he thhm a rather | o

| _narrow rang& mthm the fn]l scale. :

| Stretcm“g the Vﬂlues to SPl‘ead out over the-' F*S“WSAunear Contmtst"*tch 5
full scale typxcally 0. 255, can be done_:':-'_':.":. - SRR

- 'and most coptmon. Tl'us enhancement is best S i —l
o apphed to u:nages wath Gausslan (whlch 1s rather uncommon) or near-Gaussmu o
” '--'hmtograms St S e L

_ A plece-wme ar mulnple lmear stretch, (Fxgu.re 5 5) where the analyst 1deut1fies -

| - -the number of mfferent linear enhancements to be performed, is Pfeferred 1:'01: s
: '_nOn-Gaussxan nma.ges (Photo 5 1 and Photo 5 2) ' -



' Photo 5.1 Natural Colour False Colour TM:123 Composite

=t = =3

Phioto 5.2 Histograms for Auto-2-Linear stretch on TM-123

5.24



-'»_:-s‘)f .

o "-_'_Vle—wed through 2 lookup table wh)“sh"ff TR

v stretches the data to fuuw unhze the,’

i the stretch IS based ona 128 x 128 point regular gnd across the mput area. Only -

_’Blue—Green-Red td szmulate natural mloux,__ '_

1 3‘0& 000 For vlsual clamy the data, xsf.-_-_' : N

. - avaﬁable range cf grey leveis. For the eqmpment used u1 tius study 255 grey |

. : :_1evels are avaﬂable. The stretch used was an Au.to 2 I.Jnear Stl‘etch, Wl'ﬁch is a g _
o plece-msc lmear stretch utlhzmg one break m the ﬁne (Fzgure S.S) "[his :_.-:5_
_--._._brealcpamt is automatica.lly calculated aceorddwg to 151"!&"513f1read nf the. data an id :..
| | : I-the result usuaﬂy dmplays a shghtly hlgher percentage of the data in the uppgr_ir_ - ;' SN
128 grey levels as opposed to the lower 128 grey Ievels ag can be s“en on the'.;_j __

; _. "':mstograms of the datssets (‘Phato 5.2) Smce the whole mput store is stretshed ) .

-'when a mask is used is the lustogram calculated from every plxel underl;nng the.f- - | -

o .'The hlsto,grams alsn qmte clearly show the amount of stretch that had to be'_ . ) |
~ dpplied to the data,set to fill the avaﬂable range. The Standard Devlatian_- o
'_mcreased by almdst 50 in all three cases, mth the movement of the Medzan 6 _. R E
around grey level 127. To get an 1dea what the unstretched scefie would lcoki:' T :_ -
" :hke, notxce the daxk background anderneath the text The d1fference bdtween._ |
that and the rest of ihe scene i some 80 grey levels, which is similar to the -
. dlfference hetween the before and after medlan vaiues for the three datasets._-' .
| (TMI 90, "*Mz 96 and TMS :54). It should also be noted that the narrow spraad o
' - of thn mput dataset is Aot unusual therefore contrast stretching is usuaﬂy_ o

 applied s 2 master of course before “ﬂms-the dataset, It is, however, normal -



| tokeegthe datauusuem forfurthpmssms esing.

. \: : R

ﬂon—lmear stretcmng functmns, whxch ten.d to favdurably extend some parts Ofx N

the DN range at l'.he axpense of other pa;ts, mch:.de‘ o _'

....I'.:q_ R

S Hlstogram Equalmaﬂon (i 36) - [Tpm Y
where apprommately equal Ilt!mbe:*s - S
. ofplxels are asmgned to each of the'__i b

predetengned number Df Output]}.‘_-. .

grey qcale classes, _

’ o

greatest u:npact ate on the bnghtness
values foutfd in tha darker part of
the hlstogram and

:'3 Gaussmn - where the emphasxs 18

) 2 Loganthnﬂc (Flgura 5’7) where the - ._

placed on values found in the rmddle. oﬁ the range -

Dens1ty shcmg (Flgure S .8) is the 1umpmg of
'- DN’S (Dlgn;al NumberS) Wlth d1fferant values B e e
. mthm a spemfiﬂd range, mto a single value. B
Thls method works best if the gwen surface: 3 |
':'-feature has a umque and narrow spread of. 1

Y

W,

“.._

Fi'gms.-li béﬁm"s_umg T

_ IVa.lues Several features, each thh its own  Cusem ; _
o _' separable narrow range of DN’s, can be Separated mto several grey level Sllceb _ .

- wuh dﬁferent colours asmgned to each grey level set, the entlre range can be' S o "



- di'sp_la;yeg_‘atoﬁce.-__}-[ L

e

o 5.2,2_"[S_'pagiai:1?ﬂteﬁjig'_ Ll

Ry 'Thm techmque dlﬁers ﬁom the prewous techmques in that 1t Iook at the va}ues_-_ S .
- 'o; nelghbounng plxels as, weﬂ when detenmmng the output plxel Value "

. A lmear spatlal ﬁlter 15 a ﬁIter for whmh the hnghtness value at a specxf'ed'_-
e '_locanon m the. output 1mage 1s a ﬁmcnon of some wexghted average Of'- |
o -_'_-..bnghtness values Iocated ina parucular spatlai Paﬂem 3101“1‘1 \‘%he Spemﬁed ' =

L Iocation in the mputlmage By usm,g tlus wexghted nelghbourmg pmel evaluat!ﬂn,_'-.._"*
c o two dlmenmonal convolu’non (Jensen, 1936) the spatlal frcqucncy’.:'._,';'. '.
e charactens‘ocs of anY HBng Caﬂ easﬂy be changed .. | | g

g __3 . .Lmear spanal ﬁlters emphasmng lugh spa.tlal ﬂ'equenmes, or hlg‘ﬂ-pass fﬂters,' =
o  ¢nhances fme detail, that xs, sharpen up. an intiage, wliile Eslters emphasnzmg low * -

"'frequenmes or Iow-pass filters, are ‘used for 1mage smoothmg because they L

. Suppress the high frequencxes by generanng movmg averages over say, a5« 5 B
. pixel square area or kernel Each pmﬂi value is rep[aced by the average va.lue, -

.. _ 'hence the smoothed output. Tius techmque carf. also be used to cIean up noxsy-'- |

1mages In effect, the ]:ugh—pass ﬁltered output 1s sxmply the dxfference between— .
' the mput unage and the low-pase ﬁltered output. ' |

i [a}

| Edge Enhancement isa techmque apphec%\w eﬁ;ha.noe those features that are' R ;'_ e
'charactenzed by abrupt changes in radwn.etne respouse. Structural and '
: stratlgraph:c details can thus be acoentuated by enhanemg the Imear and cuIVed' -
unage features that represent them The techmque t}tpically mvolves three steps o



1 Creanon of a Iow-pass filtered lmage v*here; the Iugh ftequency data a.re".i -

f remmred S .. R ..
2, Subtra_c_tmn of the averaged 1mage ﬁ'om the ongmal image, thegreby .3:_:'%
separaung the edge ﬁr lngh frequency component, and L : B |

3 Addmg the edge component back to the Grlgmal mage to pro duce an.' T
: unage w1th double bnghtness edges

f_.f[_ L . A S

L The resuIt is mvanable enhanced lmear features and dramage patterns, as tha B :_ _'
o enhancement xs done urespecuve of the duecnon of the edges, . _' _- . !

o jS.'z.z.i"Ba'ne _Indeﬁendem'._E'aggi'__Enh#éem"fﬁt S

3 Althaugh Founer Transform methods a.nd ﬁltering m the frequency dom&m are_ ;1. T
. more’ exact for spatlal processmg of unage data, small wmdow canvolutlon{’_:_‘_ :
; | .'methods have achleved greater populamy due. ta thexr lebser cemputmg power- L

o reQulrements versatlhtv, a.nd proven eﬁ'ectweness e

. _Qne of the more basxc, but very popular edge enhancement techmques is uSmgi SR
o _-the "movmg average“ denvatxon from an Image 'I'h1s averaged 1mage contams o
anly the Iower sPat:laI frequencles of the ongmal 1mage Subtra.ctmg the averaged o .
o mage ﬁom the ongma] wuuld result m an lmage CDntalnmg the hlgher Spatl,al'- .;. e
-. frequencies of ‘he original image. Combmmg this bigher freguencies with the., .
| | _-ongxnal results m the enhaneed image. As explamed befoa‘e. tlgne enhanced Lmage |
s SImpIy the combmatxen of the mput mage and the h:gh—pass ﬁltered output '

It should be noted that although the stmctm‘e and straﬂgrap]};/xs enhanced some3 -

- loss uf coleur eontrast wﬂl occm- as a result of the edge enhancement "



L mrecuon mayhe abtamedby apPIYiﬂE aLaplaman 1. _.0 0 i

E Laplacla.n 1s more useful in edge and. boundary-

' dlfference operatmn 'I’he ﬁngmal m:lage is bmffc:i by nne plxel, and then tested': - )
3 -'f.'for & d:fference m carrespondmg Plxels in the two ;mages, ADN vaiue of’%‘? T

E ._",..'-dark produce} wlute hnes

. wﬁh awexghted mask or kemel. The opttmum kernd stze (Le 3 x 3 5 x 5 7 x 'i "
o . ..Q]' 9x 9) isa functmn of the suxfak;e roughness and sun an gle Charactensucs ati"
. ' the tlme the data. were collected The values used in the chosen kemel depends :
- .on the direction the enhancement is reqmred fo;, ms compass gra dlcnt mathod' o

s gencrally preferred f0r fmdmg hnes. L

" __Edge enllancement mthuut regard w edge mgm 5_9 ;s'm,,ie L;plm-

'convolutlon mask (Flgure 5. 9) to the 1magery The_ ‘1 4 _1 + 128

| S G--. -1 0
= detectmn, but it isa secund dérivative (as oppnsed g

ta the gl'a.dlent, a ﬁrst denva.t:ve) anu therefore:-' _

more tmubled by mage n°"“° Th"' La,placxan edge. enha.ncement emphames -

o _.'Therefow transmons from dark tn hght produce black hnes and from hght to-f""' )

“ | is submmted for the p1xel if there is rm dlfference, a darker value, of sa.y DN =, B

- -One sunple rnethod Of extractmg edges 1s the apphcatmﬁ of the runmng; =

L 30 is subsmuted for the plxel 1{ the dlfference 15 a nega.tlve, and a hghter value e

oof say DN = 200 is subsntuted fo;- the plxel 1f there is, a posmve dlfference E

G

. It is also possﬂ:le to perform edggﬂenhancements by convolvmg the ongmal da.ta_._ IR



- __Non—hnear edge enhancements are performed usmg

o _.relauonsth

' 52212 Nonlinear Edge Bnhancement™

non-linear comhmatmns of pmels, mostiy usmg 2x 2 or

o 3x3 kcmels The Subel edge detector is base:d ou a

- 3x3 vmndow and is computed accordmg to the - |

o Sobely it
Cwhere ..
%=[DN, +Q(DN))+DN,|-[DN, -DNY)sDN;]

 and -

: 3"“[1’5’:*iZ(DNQﬁDNJ.-[DN}+'(_2tDN;>) wNJ -

EE _:_ The Robert’s edge detector is based on the follomng 2x2

pLKel mdow DN DNz -

o The new plxel value at plxel logatmn DN, is cornputed
| _accordiug 1o the equanon. o .

DNI M=Aﬁw[DN »DNJ +Aba[DN2 ~DN,]

where Abs refers to absolute values

o . Uuhzmg these dlfferent ﬁlters, it was posszble to extract _ S
virtually all the edges for the. smdy area, a5 can be seen on Photo 5.3. Starung o
mth a smgle mput band, (m thxs case a ’I‘MS/'IMl ratw), the Output from Sobel B

F:suresn Sohel' .
: Verﬁ-t _ .

1-().»-1
{2 0-2

|

-Rnlmtsl

02

Figure 5,10 Sobel }
-:z-!_inmontal‘- . B

Figure.s 12 °

o Flsure 5.13)




Honzontal (anure 5. 10) a.nd Sobel Vertmal (Fxgure 5 11) was added mgetherﬁ" R

- _'and dlsplayed on blue. Slmﬂariy the sum of Roberts 1 and 2 (Flgure 5.12 and .

. F1gure 3, 13) was dxsplayed on green Wh.ll& the red is the hlgh-pass f:‘ltered output |
-from the mput maage usmg 4n 1sotr0p1c Laplace filter (Figure 5 9)

¥

. Enhancmg features that trend in a spemﬂc dlrectlon wﬂE need a du'ectxon al

filtering technique This may be necessary if one onentatmn is of parncular'_'

sngmﬁcance -

| '.'Applylng wmghted dxgxtal htte.rs through Founer analyms or convolutlon -
:techmques to the data will result in extracted edge components havmg a'

 selected, dommant onentatmn. rather that the uon»dlrecuonal result of a_

standa_rd_.edge_ x_.nh_ancemant technique, Interpretanon must, _hqwever, be done o

' with caution, as artifacts of processing ynay be included in the result.

Photo 5.5 Extracted edges for Barberton Mountaln Land




o

+'5222 Band Dependent Edge Enhancement -

o Pnnmpal compouents produce an eﬂ:’eetxve tonal and colour separatmn as l:he - o

e ﬁ:st two components, which represent the ec:mmonahty and mfferences between -

spatial, bands respecnvely By deﬁnitmn, the PCI vector s aleng the major a:us o B

- of the elhp‘ucal dlstnbuuon, and the PC’.z vector along the uext w1dest nunur axls BN "
._of the elhpsmd (eee 5 32.1) R T_- S e

U

 Preserving the colour contrast is possible because of the Fisure TI4 Low ms e

P S S Ke [

- __separability of the PCl &' PC2 coraponents. By | i '

' 1[9 1/9 1f9|
1[9 19 1/9

o | .Performing the movmg average Pmcess on PCL, using ::-
o a3 x3 low-pass kernel (Fxgure 5 14)* aud subtractmg' ': IQ ‘UQ 1’9

o the result from the spectral bands, the spectral _ ——
SR '_differences between the bands are preserved This process results in a 25% e

- __xmprovement over nomlal edge enhancement

. T‘hls method produces better results if the 1mage Vana,nce accounted for by PCZ
s less than 25%. If the image Vanance accounted 1s more than 25%, edgeﬂz.. .
enhancing bands Independentiy from one andther produces better results

_'-'(Longshaw, 1983) o R |

| Separation ef the convolutzon wmdow methed mto tWO processes, ena.bles one o _' |
o dxrectwnaﬂy bias the edge enhancemeut. This can be doue by separatmg a
Idlrectional convolution kemel mto 1.wo cemponents The ﬁrst component mll__ s

epemte on the engina.l Qixei asé 3 X 1 \i'eig}hted everage ,ﬁmendn and the 56091'1‘1 2 h |

companentwﬂl operate on the supemsed ?Ci, (den‘&ed thmugh tﬁe anelysxe ef '_-- -

" o trmmng areas on the unage}, a:s 8 3 X 3 non-d:reetional averagmg wmdow.

N



o V2] 2]
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A nnxture of the two remltam components wﬂl have the PTDPemes of the-_ N

dlrecuonal kernel but retam the colour euhancement attributes

53 Multiple Image Enhancoment
| 531 Ratming o

" Somewhat favoured by geologists, this techniqus enables one to iook at the

- spectral asp'ects of certain types of ground features. The DN cf any one pixel in -

* 5433



any. ‘band is sm:nply dmded hy the DN of the eqmva.lent pu:el in another band ”
'_ '_The remltmg quouent is-a numbet that can theoretzcally he between zero and

N mfmlty, but in pra.cuce hes somewhere between 0. 3 and 3 (Short 1982 p 438)' .

| TheSe values are normally expanded to fit the range 0 255 for visnal clarlty o

~ Ratio irnages tend to smooth out'inﬁ"iﬁsic tonal coﬁtrasts related to toooéraphy o

- by remowng dlfferences in reflectarices from su:faces composed from the same

L features caused by topography This is. clea.r ‘when Photo 54 1s compared to

o Photo s, LIt shoutd be noted that Photo 5. 4 was stratched usuw a Auto-2-Lmear

stretch w!:ule Photo 5, 1 15 d15played through a Auto Gaussmn stretch

"'Ranomg dlfferent bands wiil produce, enhance or :mppreas dlfferent features

This'is evl.dent when comparing the dlﬁerent band ratios used to create the false |
_colour composue Photo 54, Ranos TMS/TM"/ (Photo 5, 5), TM3/TM1 o

 Photo 5.5 Band Ratio TMS/TM? on black and white

534






SIS ._.paaio s‘.s;nand“%ﬂﬂo“'l’mmll-ﬂ“_ black .?“a- -‘."m-“ -

. (Phom 5 6) and ’I'M4/'1M3 (Ph°t° 5 7) was dlsplayed on blue, green and red o

= | respecnvely

| Gencrally, the lower the correlatmn between the bands, the greater ‘the% o
'. .mformanon content of the band ratwed zmage Note the dlfference between the' _ |
::_I:TM4/‘I'M3 ratio and the- TMS!TMI ratio (Photo 58) w1th regards to the -

“ 'vegetanon. Scattergra.ms of ’IMS/TM? a.nd ’I‘M4f’IM3 ratlos (Photo 5 9) clearly g 5
_ E dnsplay the correlanon between thc bands From these scattergrams is should be"";‘_:{
' - clear that ratm TM4/3 wﬂl dlsplay ) dlstmct trends Photo 57 confirms thls L

3 Stmﬂarly Photo § 5 conﬁrms the expected rather trendless dull 1mage

a

o carve. nge’"the approach is 1o partmm; ;the image into spe._ct_ral ciasses_ba§ed_ on_ -

: ;I{ o

) Band rauos bec&ame rather madequaia wﬂh l:ugher spectral resolutlon data,"'-.i
where the am,a is to extract and charaatenze the, shape of the specttal) reﬂectance |

[



. E?hbg&'s,_s'_scattergrams.ms vs TM7 and TM4 vs TM3 © -

‘Rather than choosing three best" bands from n-bands, one can use Uate
o eompressmn techmques 10 extract most of the n—dzmcnsmnal 1nformat:mn into
o typwaliy a three dunensmnal space ’I‘lns alse mmimmes data redundancy o

. _'charactensnc of lnghly corre!ated datasets and enhances subtle spectrat,_ o

. differences. Favaured methods are the important ma.themaucal transformatnon- :

Pnnmpai Compotents Analysm. The results are t}fp!cally colourful, but often_' -

| dlfﬁcult to mterpret, nnagery Cauomca.l Analysxs alsu belongs to thxs groupe
a0 |

Ix

| _-'5.3_.2;.1 _P:fitiéigal Comporents Transfomuon U | e

-

Yoo



- -but a few avenues reported on in the htera.ture

| A covanance matrix, denved from a random sample of the ongmal data, 15 used' - R

L .

- 'The techmque basmaﬂy ccmsmts of choosmg un e *related lmear comblnauous of‘“ C

[\

| '-'bands of the unage is therefore removed

. the totax vanance from the onglnal dataset If the linear mtercorrelanons of the |

'of the total vanance. The ﬁrst order component contams the largest percentage -
: of vanance, typncally 80% or more wnh each successwe component comemmng"”
| ._ iess. The ﬁrst comptment can be thought of as an aibedo or bnghtness image - ) -
h produced by data from all te bands, Random uncorrelated DN values (nofse)

. Pnncxpa.l Compﬂnente ~'I'ransformanon (Pcr) is a multlvanate Statlsucal

. :- teChmque _wluch is nften gsed to determme the - underlymg Stﬂtxsucal_.-.""’_:_..: : :
dlmensmnahty of the m:gage data set fm unage enhancement, for dlglta?l Change'_"" : | -

- -'.detecnon and for eha:actenz.auon ofseasonal changeschVer types, te menuon e

o .'vanablé in such a way that each hnear combmatlon (the pnnclpal components). - .'
| | 'extraeted succesmvely, show iess vanance ’I’he result 1s to redefine the axes on_f_-: - -' i .
- whmh the data; plot 50 that ail the DN values are redlstn“buted w1th respect t0 |
: T : a 110“’ Set Of axes Basmal}.y an axis rotauon and translanm: procedure resultmg . '_ o |
e 'm 2 lmear comb:‘ atmn of the 0r1g1na1 data, where each new ax;s deﬁnes a new . o

- dunensxon of mfonnanon. The mrreiatmn that e:u.sts between the mdmdual. 3 o

to calculate a set of elgenvectors and elgefnvalues WhLCh Iepresent new o«

T transformed axes. 'I‘he new axes ere uncorrelated, and contaqp a percentage of

' -vanables arg mgniflcant, the first few compouents wﬂl account for a large part R "

5

'- .ﬁem the mput bands are nermally relegated to the lower order components_ B

- where useful mformanon is mihifnal,

components are, hqwever eften s:gnﬁcant from a geologlcal pmnt of VleW. R

(_..

5.38

'I‘he mfnnnanon cOntamed m these lower S



ooEe e Sl

o Correlanon ’between the bands anse from.

1, Natu:al spectral correlanon a bnght DbJBCt wﬂl t

‘a wavelength range, thh a value d:stnbutmn approacmﬂg a gaussmn" e B
distributlon' R A ) R ::-

R T dommaut Jmage contrast component i mountamous arcas hke the.__ R

Barberton Mountam Land and alsu at low sun angles, and

is rmmn:uzed through demgn, but cannat be ehminated

- \

s _Look:mg at the s«:attergrams of the TM bands {Photo 5 10), the h1gh degree of ‘-f ST |
. -correlatmn between the bands are clea.r Most of the bands dlsplay a deﬁmte-_'. S

ey

o linear correlatxon between bands 'Ihe excepnon is band 4, wlm:h has a dlstmct o

B - bmmda.l relatlonshlp w1th the other bands ’Ifhis is due to the large percentage

- 'umform canopy cﬁver (Pme and Eucalyptus plantatlons) wtuch reﬂects stmngly

--'m the NIR (Near Infra.Red)

P . oo

-

o _To smaphfy. creatmg a scattergram of say Flgm 5‘15 msﬁp 1
; band 1 agamst band 2, WIth means p, and, p?_, - .
Co the plot would look 11ke Fxgure 5.15 It 1s 1=

. clear that by shlftmg the axeb to X'(,uz, pz),

. new, ooordmate system is defmed

Values for the new data pomts are fonnd by the transform relauons X g = X} -

'__'plandXZ Xz pszlgureilﬁ)

b appear brightin

2 Topographlc slope and effect for all practxcal pu:lposes tnpograph;c-
shadmg is ihe same m all solav reﬂectance bands and é&x&u evcn be the_-'-" S

3 OVerIap of Spectral sensmvmes beﬁween adJacent spectfal bands Thrs factor S

[a)
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'Photo 5.11 Scattergrams PC 16 Unstretched




i '-'.'TheXazns,system Jsxotated about itﬁ 0715111'_-' B R
R ...:(ﬂ:,#g m thef qnm system) so mﬁ the_l-.f':{_ L L
'-j_;:vanance azm 1s B ma:nmum (Fxgu:efs 17) N
PCl 5 N R
- :.ﬁxe i The PC ms m the P mmpal_‘-_;.-}.f-:, e
.' i _ 'Camponents of thxs Z-dmemnbnai space, mth PL:I assennaﬂya. we:ghted ave:age

e -'-':--_Smce PCZ must ba perpend:cular"?-

-anfi there a.l:e only two dlmensmns- _-

/ TR

" j "Related to an N dlmensmnal feature space,

o '_'albedo una,ge contmnmg most of the scene bnghtness mformatiom Coe S

| correlauen batween bands w:lI teud to result - ol

L -_prmmpal components of this N—band unage
) 'data set a.re thus the ortimgonal axes of the —

_ --_the elhpscnd accouats for most of the rcfle,cta::«:et Vanauce }.}1 the mulnb an d

- m a strongly,elhpncal plxel dlstnbutmn% The

' “mgnal to noxse rauo

_ .Settﬂlg the mathcmaucs asxde the follomng charactensucs of thg Pnﬂclpai | o
B Cﬂmponents transftgnnauc:ls are of specwl mterest to remote sensjng

I Thc total vananoe is preServed in the transfarmanon, 1.c o .' e

2":*’21

ilﬂ L e

o - N-dlmensmnal elhpsmd consntunng the Lmage feature space. The IongOSt axls oF- .: L

. nnagés the Firs Prmmpal Component. By deﬁmtlon the. seccmd Iongegt axxs of;_-__'
- the elhpamd is the Second Prmmpal Component. Subsequent hlgher axes co ! B
] _succesmvely smaller pomons of the rema.lmng scene vatLEb.nce w1th a decrease in: -

i/

g

. )

[
e



'Photo 5,13 Principal Components 123 viewed throtigh Auto-2-Linear sfretch o




where of are the virianices of the (;riginal-viriables. _
2.1t minimizes the mean square approximation errors,

3 This is tha only transfarmanon that generates uncorrelated coefﬂments_ - )
© (Moik, 1980) In a geometncal sense, 1t rotates the l'ughly correlated
features in N-dimensions to & more favourable onentation in the fea.tm‘e -

spaLe, orthogonal 1o each other, such that the maximum arnount of
o vanance is accounted for 111 decreasmg magmtude along the ord: 'ed -
| com,ponents._ The process has been viewed as an mfor-matlon |
| compres_sion into a smaller number of __compone_ntsfrom the": large
number._'of icatufes by discarding reduhdant_ iufofmation .iritq higher.

~ . order compongnts,

Photo 5.14 Histograms for Auto-2-Linear stretck on PC-123°



©in colour from the naturel faise colour composite (Photo 5 fl) s most sf&mg! h':_- P

T _northwest smlong dyk‘es are much more promment on. the prtnotpal componentsf- : s

- is the increese in the volume of vtsuel informeuon that s r%maxkame. 'I‘he o rth S

F a

'tmege. As th:s image seemed not 10 make use: of the fulI dlgltal nomber rarige. -
_avatleble, & stretch was epplted. The stretch chosen wes the Auto-2~1ineer e
2 steetch, whxchwas also apphed to. the neturai colaur cempostte (Photo S.?.) The i N

_'resultant enhancement to the vxsuel quahty of the tmage 1s qutte timnc,/ |

g _oonsxdering that the prmoipal oomponents transformation should heve utifized =

more; of the avatLable DN tange. -The hxstqgrams for the three componeuts

. conftrms thts apparent shortcommg‘

) AR
o= r"

B As indica,ted "b'efo're (Section 52.15 t’he ttatisticé'- fo? any of th-e op'eretiotns are
. caleylated usmg a 128 % 128 grid, whtctt_exptams why the transformation eutput__- o
'occuptes a narrower than expected range. Calculatmg the eigenvectors and

etgenvalues unclex 8 mask covermg the complete input stors should eliminate this -

1*-;"‘problem, but it is- computauonally very éxpensive and the results are not-_"_"_ |

| "{pe_;cepttbly better than t_he results from the tw.o_ stage proced_ur_e used_ here. -

The hig'her order oon't'ponetits' fromprincipal*oompcmeots transformation uiually
" contains very listle useful information, however with rega:ds to geology, one.

ofton ﬁnds that\\fome feature which is drowned out m the lower order'

components, becomes quite nottoeable when the surrounding features ate less”_

R prommen* (Photo 5 15)

B 'CI_

- Inremote Seosittg applichtioos _the pr‘inctpa_l'compooents:_ar_e_usufelly calet_tkated'

from 2 variance-covariance matrix, Another approach is that of using thy

- 5_44 '



2ok

Paota 81 P:"-mapal compcﬁeqm'ass viewed through an auto_.'_z-upear s'tre:ch_' e

N correlanon matnx, denved from the dmsmn of the covanauce matnx by the _ -
appropnate standaré dewatmns. This reduces all the van&bles to equal

-importance as measured by scale, Smce prmcnphl components are not invanant '

un.der the hnear transformation whc,re sepa.rate scahng of the ongmal vanables

exists, it is clear that the prmcxpal components of the covariance matnx and that

of the correlation matrix are not the saifie, since principal components of the -

o cqirrelation matrix.are invariant under separate scaling of the original vér.iab_lé.s. R

External vanances can be minimxzed through standardlzatmn of all the data from

- diffstent bands toa standard dev:atmn of one. Then each band would contnbute' :

' equal vananca.

A significant diﬂerence is evxdent when comparmg the results from usmg

' vanance-covanance and oorrelation matrices for two LANDSAT subscenes |

_:'5___-45 |



| (Smgh & I-Iamson, 1985) Regardi.ug those vanablos standasdlzod to umti.-._.'_
.. _vananco, as a better basxs for can?ymg out pnugpa] compononts a.nalysls see ms. o

E reasonable. szual mspectmn of the first principal component images: revoals tha,t;_:-' L

the images obtamed ﬁom the oorrelauon matrix bas better oontrast The

o s:gmﬂcant 1mprovement« in nnage en.hanoemont, howevor, ooours in tlao seoond'- S

- | prmolpal component unage usmg the oorrelanon ma,}nx.

P

N It should also be. potod that a sgmﬁcant improvoment in 31gnal-to-Nolso ratio_;' i c
- fas effected when usmg the correlatmn matnx method of calculanng pnncipaj_-' IR

L R )

oW

a components

W\

o _Althoughnpnncipa. components transformation is usod in data oompressmn, Lt_-"-_'

N should be noted that for :and cover dlsmmmauons, tho hlgher order oompgnems- R

. .-"contam v.'ll}lablo mformanon m oompanSOn with some of the iower order -

s compononts, whch have no obvious informanon contont. o

Co As the mterband covamarioe fora parncula: soene is alWays anique, tho outcomo-__ R

-and d1fﬁcult to apply predmnvoly (Lamb, 1984)

| _.__of print:lpal component analysis transfonnfeon wﬂl be lughiy scone-dopondant

SR
A I

" -'5;3.2;_2 CanomcalAnalysis e

- This troné'formaﬁoo is based on the Spectfol characteristics of categories defined

- within the data, These oate'gorios are representod by tra;.mng areds selected from
~the ongmal data, The speotral ohmacteristlcs of, the traimng areas ate statlsﬁcally
. doson‘bed in torms of the moon, standard deviauon and covanancci 7) e

Y
Ly

"\ N .
".\ i



© e

__ ’I’he objecuve is to ma:onnze the covananco between categones ond rmmmi

: the covariance "Whm categones, whmh: mcreases the separabﬂlty of olasses whilt R

: 'nu‘m:nmng the dlfferencos mthin each olass. As wnh PC‘I‘ the ﬁrst compone.ut '_ | '_ |
R contams most of the vananoe, and the lower order components oontams the ..

- nome Informatlon fallmg outazde the spectral charactensnos of tho trammg a.reas . L

' are looked at as bemg noise, therefore the lower os'der components wﬂl dtspla,_, | | i

| more 110158 than the correspondmg components of a PCT

. Canb'nicai A llnal”’ys'i*s- differs from rincipal. component ahaiyﬁé in tﬁa;--tfaiﬁiﬁg* S

. dfeas are deﬁned ﬁom which the stanstxcs necessazy for tho n'ansformatnons are

) calculated. [‘l:us is swmlar to PCT stanstlcs calculated only undé a masked area B

- of tho mage

5323 oeéxogi'cal Appuca_tiqns of PET

-Enhancmg odgos to emphasxze geologmal structure and colour 0 emphasizo e

= j hthologwal d1ﬁ£eronces are par'acularly relevant ina geolog1ca1 sense

1?\\

L Subtlo colour dlfferencos wﬂl fea.ture as informauon poorly correlated £rom banﬂ |

1o band, and are ﬂxe_re_fore ‘more: appg:ent in- highor order components. |

: Geological edges-, repréSenting ﬁtholo’gic‘al bouodanes, jomt and fracturo pattems
- and fault tro.oes, etc, are mostly \ns1ble as a result of topography and shadow.

Siuoo these bounda.rlo.i oceur in alt the bands, the bands are strongly cor:olated .
Therefore a PC1 image ¢an be expoctod to- hlghlight geologmal strucmre .

. oxpressed through topograpmcal features, The edges deﬁned bhcolow changes" .
will tend to bo poorly oorrolated, and therofore or.ly show up m hlghor ordor o

=component lmages. .

ey



: _detectmn of subtle geolo:

. ".Compunents .. .

J'f

\

a 5 3.2.31 Spectral Feamre, Separatmn _ 4

LB

. ."\'a

L _' In areas w1th mmunal vegctauon covef PCT can be expected to enhance spectrai = Lo

. _icontrasua between rocks in a non—predmhve way. .

. :__:‘ Usmg the ﬁrst thme PC’s, more than 90% of ﬂle m_formatmn can be dlsplayeu -' '. '_
k. snnultaneOust Whﬂe ttge colour varxatmhs in the false colour composxte may -
| E _"enhance less nonceable vanatmns, it should be“noted tha.t colou: per sé. ca.nnot | o
) b used quarmtatwely, only asan mdxcator of change Since PCl :epresents most._"__f s S
of the- toPography related bnghtness infonnauon, composues from higher order
- 3'ccmponents w111 be less topographm in appearanc% leadmg to the possﬂ:nle. -

- \\ (I . . R .

o . _Spectral feature separanon ‘leads to classlficanon, a procadure that has been e )
B ._most SucccSSfully apphed to agnculnue‘ Classﬁcatlon rouunes have not been
- part:cularly successftﬂ when apphed to geology This is largely due to natural -
' "’mhomogenexty of geqloglcal materla.ls, gi'adati‘onal boundanes and the mﬂuence_:' -
o of vegetation, as well as the small spectral response range for genlaglcal } ;'

matanals in generaL

' While PC’I‘ may Opumally separate geologlcal ffbamres, the output component
o imagery will only be suitable far qualitative visual interpretation. The re-..
- ahgnment of the i mzage feature space in a d1fferent a.nd more efﬁment way s
o cmly a method of assmtmg the analyst in the selectmn of featﬂres and trammg -

R

uoo L

5.48



a gl

SR s : . o - T

© ' areas, but it will not contribute much t¢-ad imptoved classification. | ©  ® 0 o

=

| 5381 '_-Colpur-:_Coﬁipoﬁte;;_setécﬁon : u |

"Band selecnon for colour ‘oomposmon should ’oe baseﬁ on sPectral loglo rather N

~ ‘than some stanstxcally based approach that often conﬁ.lses data vanance thh o

o "mf‘ormatir One of the more meamngful approa.ches 1s to e’ the corretatmn |

'matrix beoause we are bas:cally attemptmg to Inaximize oolour mformatzon by -

S ) selee wr the three 1east oorrelated bands

513_.'_3;2-_}:091911: Enbanced Original Band Imagery -

a3 ogramin the shape of an thin elipsoid néar the achromati brightness

h _axis Coutrast stretchiug of the three mput unages does not remove this:

: -'correlanon, 1t merely enlarges the- eliipsmd, W1th the result tﬁat the avaxlable _' .

R coloar space remains under utihzed

' To maximize the utilization of-tfie available- colour ‘space, the. correlat'ion”:

o between the mdmdual input bands need to be removed, or at least mgmﬁcantly n

reduced. Ttns is done by enhancing colour dlfferences bonveen the components |
by stretohmg, fo]lowed by a mverse pnuclpal comporients tranaformanon, whxch i

; will not remtroduce the ongmal correlanon. Thls deoorrelation stretch

(Photo 7. 12, Sectmn 7. 4} produces a colour enhanoed output with an 1mproved
signal to noise rat__zo and a spherical symmetrical hlstog_r_fé_nn, indicating 2 much




" eter wlization of the avallable clour space,

5333 Bdge and Colour Enhanced Imagery

A result” similar to the decorrelation- :-Fﬂ;ure 5.1%, Munsen Culour k-

©streich can be obtained by fransforfaing | |
_' the colour tnplet to the Munsell Colour ST M i

o _'__.Saturanon (F1gura 5.18). As PCl s |

S Crmrdinates

--:'Space coordmates of Bnghtness, I-Iue and' 1 e

..._.strongly related to the scene brigh: rless .
l-ugh pass ﬁltenng of the bnghmess ; mage”' S

o tagether with any desited stretches to the Munsell coordmates wﬂl produce a_' L

| *esult simﬂar to decorrelanon stretch thmugh mverse pnncxpal component.-. RN

- transformatmn (Lamb 1984)

oo

| "This method cat be modiﬁed tn produce a iéss noisy colour Lmage hy '-

subsututlng the bnghtness unage in the IHS transformatlon with the PCI. |

__compouent, saturated and edge enhanced, before transfonmng the col o m_ - o g

_ ordmates back ta the original cartesmn band coordmates. 'I’hls techmque has the o

advantage in perm:ttmg tnta.l predictive contml of colour, unhke an mverse PCT .

' transformatlun.
5334 Colour Transformations

For thxs study the re.motely sensed data are dlsplayed usmg the BGR (Blne-' .

- Green—Red) colour space. A d;fferent codmg techmque d:splays data acmrdmg

toi mtensity or bnghtness, saturatinn or cg!our value (on grey scale) and hue of

T .

? _s__a_;sd_ o



o coiour tone (in the range. blue-green-red-wolet—blue) Thzs is. knd\rm as !ntens;ty- .

N 'HueaSamranon (IHS) cndmg and dlsplays the mformatian pertainm,g to the
o mteus1ty 011 red, to hue on green and to saturatwn on blue. S

r_\"

ﬁ'_.'_’i‘he pmce.ssmg sys’tem used calcuiated II-IS as foilows

Inr . m;ty 5 (Red+Green+Blue

3 -

O P N

- 'Photo 5 16 displaYs' the RGB colour space after & twc: stage IHS colour

. i -'transformatwn. "This was. acccmphshed by transfonmng the RGB colour space' L
o _--mto the IHS colour space, and mverung the. tran,sformatmn back to the RGB o '

__ colour space, replacmg the mtensuy component mth amonotone nnage w:.th DN"} -

B "'128 An Aut0~2-hnear stretch was apphed.

“.._

"Another. colcmr transformanon used during the research were. the transformatipn- '_ | :

to Hue-nghtnes&Saturanon (HLS) colour space,. whlch is & perceptual eolour_' .

'_space recommended for computer graphlcs by the Graphlcs Standarda' h
o Commlttee, nggraph ACM (Gcmstone Interactwe User Manual, 1990)

o Hue is a 'cir_aﬂaf measure of the -coloﬁ_: (Blué-jgreen-réd—_vibleﬂblue) izt the range

o 5es






'-0 to 360 mth 0 representmg blue. Lightness ls a measure of tho mtensr.ty or
luminosxty of the colour Saturatmn is a meaéalre of the punty Mth 0 |

' -represeﬂtmg no colour (monochrome) and 1 represenhng pure colour.

'. E 'Tramfong the. RGB colour space into the HLS coloﬂ“r space reSulis m a’
o rather bnght, but not very mformauve 1mage (Photo 5 17) .

34 Classification

The basm for classzﬁcatlon is the correlanon of dlfferent categones of interest -

_ -_-'of two methocls' s‘uper\nsed a'

- multxspectral data spaoe ‘The. Idenutles of. these grgupa are. not known R

__ computer uses these traunng sets to classlfy tho rest of the soenet

| witb. stausucaliy separable groups of data as deﬁned by thexr spectrai propertxes
“in multid1mens1ona1 space.. Multxvanate clasmﬁcanon may be: performed by euher

i'ﬂ_ unsupemsed (See Table 5 1)

] .

B an unsupemsod classxficamm, the computer 1:5 asked to group p;xels into
. -"-'diffexcnt spectral cIasses or clusters on the basxs of mumal dxfferenceq 11:1

'_'beforohand and & name is asszgned 1f the olasses prove to be meanmgful

_._J{I‘:_.- )

©In o Supervmed clasmflcanon, the classes are lmown for smalltraining areas ’I‘he S

| The'¢1=assificaﬁoii fypesﬁgvaﬂablj_o' for_ this smdy were;

1 Box The upper and lower lumts for eaoh unage band are defmed from '

trammg sets. Only one. class results,

o



on. ;’:-Commm oty

- || Supervised. - Ma:nmum e _Basodonthepmuple thal:agwcn pmishoufd i
SRR | kaehhood | be assigned to a class to which it belonga w:th the -
| . | highest probab:hty A common stratagy, the
o - J-Bayes-optizaal, minimizes the errorof - ..
| misclassification when the probabilities’ of
| occurrenes of sach. class are equsl .

..t Lingar - - -'jA,generaltemtomeanallteéhmquaswhchuse 3
| .+ | linear surfaces (hypsrplanes) to separate classes,
.| Several iterative methods for dcnvmg thesc -
< | classes can be used, .

'.’.'anoemsc '__Generalm onforhnca.r c.lassiﬁers. Useﬁd when '

| The paraileleplped or ’bcx‘ classmfier fsam
e b o o lexample.: o \-'
Unsupervised - | Distance . - |- Unsupemsed classlﬁmtmn 1s an atterg,nv o
| Based ._determmcthelocatltmaﬂdhmﬂsoﬂgz
" | Clustering - clusters in faature space with no prine Lfow
© 070 7. | of what is contained with the irage, Several ¢
"} methods use distance measures to group data mto
- | clusters, Those aro iterative methods, varyiig =~
- | slightly isi detail of Ig;mdhug, mmauon and
_ b __'updatmg clusters,
"f Both - | Table Lookup | Can be used to xmpleme;nt anydcctszon rule
: . . nbtamed Erum any classlﬁcauon method

S : : T e, B

'I‘ahle s.l Some npmmon CIaSslﬂcaﬂon mtlwds

2 Dlscrcte Tihe dxscrcte or h:stogram classlﬁer operates by generatmg a hst
of pu‘:%l value combmancms Wthh appé\ar vmhm the tralmng set. Only
cne class results, and I l: '

3 Mamnum I.J,lcehhood Elther 16 or 64 classes resulted fmm tbls stausncal
| approach - B

) _. Attempts to classﬂ:y the una.ge of tha study areg through a mammum lﬂellhood
__"classﬂier into. 64 classes faﬂed due to hardwa:e hmitahons‘ In ordéx; to perfo
| a clasmﬁcatmn over the study area, an area of 300 by 400 plxel were selected and

the ma:umum hkehhood class1ﬁer 1mt1ated Some mne classes resulted from the

554

-} Linear ~ - .| the classes canmtbeseparated bylinear stirfacos: o



"Photo 5.19 Classified ‘mage




U ey

" classification of three bands, and these were manually combined into five classes. L

" "Tuble 5.2 Means aad Staudard Deviatlons for MAX64 Clnssification. -

Lo e oo
- L

| Table 5.2 lists the means and standarddewanous for the fivé Icl'a_;é_é_'s displayed _'
~ on Photo 5.18. When'studying the scattergrams in Photo 5.18, classes four and =

 five could ébﬁceivébly be Iuinped'.fo'géther (Thls is'.i:'hé. light and da'fkef .fe"ddish' ‘

5.5 Predictive iﬁbﬁhhi_qﬁes for_iﬁenﬁfying spectral anomplies

B coloured classes on the photu ) As far as the band 3/2 scattergram is concemed S
| | '=lclass two, the. whmsh area, does not have 2 deﬁnable outhne (Plaase uote that"'_ o |
E . , due to photographlc réproductmm there ar¢ two wh:tish classes. The dxsuncuon B
| is v151b1e only on the scattergram of band 2/ 1.) |

i

- Usmg these five’ clas,rﬁs 10 clasmfy the unage msulted ina rather messy aud”.

smgulariy unmformatlvc mew, Photo 5 19

s

{‘

. Band ratws, spectral mdlces and pmr-wme pnnclpal components all 0perate onf
 two bands of data oy, Whﬂe the 2 number of other bands are also avmlable e



S ICR . ;n [P

Th1s techmqae compensates for an:uospheric eondmons automaucally. ;The'_- :

= seoond pnac:lpal camponent 3 comadered m each case sinee. tﬁe sPectral e

: _' reﬂectmn and absorpnon contamed m the seeond companent represent the "less.""_"’}'__ i
o correlated“ component of each of the two bands Ia the case of 'I'M bands 5 and' B
5 the resultant PCZ should gwe an est:mate of the clay plus vegetatmu .-

e fcomponent from mput bands 3 and 4 xs useiiogether wuh the second -
LT 'camponent from bands 5 and 7, the resultant secend comp-ﬂﬂeﬂt Shmﬂd EWE aﬂ o

o mdication of only the ciay T‘hls type of approach was used by Fraser and Green S

%
B
..;J-

o (1987} to formulate thexr "Dlrected Prmmpal Componeuts" method of reducing- | o

o _. the mﬂuenee of vegetauon (Secnon 7 43)

| _-_.'-.5-,5_',_2- ‘M@ﬂ.ﬁplezrﬁaear Rég'r'es_'siea._'_.'_

: Mtﬂnpie llnear regfeseioh' estlmates the expectedvalue of an iniagé band as f]:le' N
" linear combmanon of the other, or all bands, usmg a smgle set of pamal L |
- regressmn ceeffments Tlle predlcted value is then subtracted fmm the actual o |
. ::Value te give a re51dual or error image. Thxs approach as.»,umes nnear mmng of Coa
the radtance from all surface matenais contnbutmg towards the plxel Of mterest, |

and 1s able to separaic vegetauon Ermn "clay" e“ 1cts in the 2 me regxon as well

as offenng a good averall salutzon for atmospheﬁc path radlaneea TR

o ..The mam drawback of this teehaiqﬁe 'is that a sihgle 'uaas‘atmaﬁon is used to
- pred:ct the baxid of mterest, whlch may not desm‘be the optimal coeﬁﬁments for

| smaller subsets of the mlage

absorptzon as a mmore et‘fectwe altemauve to a ratm S:mﬂarly, i the seeondi"'-'___ IR



o .'.J” observed data values A polynon'ual of degree ﬁve wﬂl umquely‘ descnbe & S
o spectrum of srx values Choosmg alower arder polynomlal should resultmsame T

Polynomial regresmon fi‘ts a polynomlal of a speclﬁed degree 3 eac,h plxel RN

- B spectrum It aiso allows s to exa:rune the en'or betWeen the predmted anda.- TR

E - . _j-_er:rur between the calculated and observed vaiues, whmh Should lﬂcreas’e mth the i

B _dacrease of the order of tl:le. mterpglanng polyngm;a: ' S

. ';'5.-:'5-.:4'5:_mt'a"eéidépiivé_-ﬁnégf.'ﬁlteﬁ;__" HRP A "_? S

_'-.Consldenng 1ma,ge spa.tlal da'ca m band predlction ars the bas1s of the data-'_ S
o adaptwe lmear f.‘lteg In this instance the predlcnons made from ne1ghbounng'_ : T
- -pgxels mﬂuences the. predlctlon for the current plxel Thxs helps in avoldmg | Lo

- -spunous anomahes The computaunnal expense ofthls techmquewould nonnally'-""" o

i

: .be prolnbltxve._ =

W

Fa



. Glﬁmﬁp wenthenn g. A

- connnant, will result in the developmenf of surﬁmal crusts or layert of chermcally o

L 'mobmzanon of iron and. sxhca ‘These. deeply weathered ragmns are thus o

| -charactensed by the extenmve development of cla“y mmerais and the vanOus_- _'

ey

. Enw;pmnental coudmons Such as deep weatheng, ﬁrebu.m and vegetanon are“ o

I -5

o .mgmﬁcant obstacles to geosaence remote sensmg o ,; '

A
3

. concentrations of n-on ondes, carbonatés and sﬂma mmera!s, tota]ly obscunng o

K the underlying geologmal environment

. ..!\

It can be. seen t.hat the abxhty of remme sensmg techmques to map clay
o 'alterauon dlrectly assocxatea wﬂfh mmerahzanon, as in the serm—and condmons '
of . Anzona, is unhkely to" be successful in Austrahas deeply wéathered_ |
: enwmnm*ent (SunpSon, 1990)

o 6_2 Bireburn .

L3

- . depths of hundreds of meters, hke, the and envlronments of the Austrahan_'- o

 From a remoté sensing viewpoint, the effect of fire is more important fhat the -

' _Extenswe chem.tcal weathenng and alteratxon of surface mcks somenmes to' S

RS -_emched matenal, mostly latem‘es, sﬂcrete, calcrete and bamute Breakdown and Lo

. __leachmg of the surface rucks also 1eads t0. the formation of clays mth the'

N



B+

:'fire 1tself. The, resultant drastm reducuon +in. vegetstmn dens;ty and\very

T ;' world\mde L

- ..'._'_s‘." ‘\
P determmed by the chmate of the area. Hawever, a‘s fuel from xege

'-j'i.themauc remote sensmg of any kmd m any aﬁd and :r0p1cal emnronmem

'_...densuy differenr'es across /e beunda:y B R _j _-3 o

———

| "__.'.--Photo 3 13 ShOWS \((h’?{l can only be the rem.lt of a not 50 recent fuebum R

. -fprmmneut and ldbtmg Scar pattems are pm°bab1y the most'senous obstacle to‘-f’ o

o __The time necessary for reg /perated vegetanon tn reach a denmy ’Wh.lch WOuld
© render It mdlstlngulshable from the surroundang unbu.mf &’g" wm’m xs mgely;_;,-..l{_
ted. S
SN vegeta&an becomes avaﬂabie, ﬂlder bums can e Partlally or i 0 tally O‘férpfmted .-
- : _:by subSequcnt bums Ieamg a patchwork of firebum scars whlch appear Dn---_- =
' ws‘ble and near-mfrargd unagery as a dark—bnght mcsawkthe darkest bemg the : E

L e
. e

| 'Towards the top half\BMa study area, int the regmn o&% Coppe.r Creek (refer o

e the undergrowth bet‘ore replantmg

o _'._ta Photo 2.1), the prmcnp componeuts t!:ansforma.uon, as vzewed through the - o
 Auto2 Lmear stretch, dzsﬁmys an -area whzch is d:sunctiy d:fferent to the L

ad_]acent ateas on both sides. Smce tlns area seems to be enclosed by streams on -

 all sides; the concluswn is that thls represents a flresca: Note that wﬁhm the =

-_be consmtent with the practlce of burnmg the n.ewly Iogged artas tu ge: r‘id of.. - _' o

forested a.rea qtute a number of these bhlelsh patches is ewdent, wlm:h would - B




- mtportant to a geologmt E

' To enha:nce the tmdetlmng geologzcal features 1t 1s ﬁmﬂy necessa:y te éf;hance,

| grassland, coupled mth the frequency' of bums, normally 1e33ens the mgact of _.

B '_areaS, pamcula:ly those in whlch onl}' the. ground GOVSI’ vegatlon and gfasses .

- darker canopy vegetatton.

| detect or n“]_],#f as far as possible the overlymg fireburn features 111 grasslend - o
recent ﬁresoat& are generally ebvxous, winle the speed og regeneratmn of_.'_'-_ S

e oider bums Probiems ocmr i tdentr.fymg recent low mtensny fires m woodlan&l_ R . |

B are removed smee the ash darkened areas may be mdlstmgmshable from thej Ll -

3 0ne techmque useful in detectmg recent bum a:eas thl‘ough pnnmpal S

. component anal.ysm ig to apply PCT to TM bands 1 to 4 and smdy the second_- o

_ prmmpal comﬂpnent whtch gwes an excellent d15play of veget,nion densuy '_ o
e Fxrescars can be eeszly detected visual]y T!:us wﬁl then gtve an mdtcanon of the‘ :

AT

" 63 Vegefation and Gevlogleal remote sensing

B2

analys1s of the vegetatxon pattem may prowde the only mdlrect mdteator of that o

'_ _.envuonment From a geoioglcal vxewpomt, vegetatlon spectral mgnatures are'-' o

o hkelthood of the detected edge belng ihe termmatr ‘of a hthology or rock type R

o In conr‘;\tlons where roots penetrate to the subsurface geologmal envxronment,_ .

| 'conmclered to be a noise cootanunant In the short wavelength mfrared regton -

(L. 1-2. Sum) the mterference of both dry and green vegetetton are mgniﬁcant in

'_reahzmg the, spectral charactensucs of van.ous claysi carbonates and sulphates".'_ |

o a

_A:__mthef problem s lichen, which can completely cover both rock and soi,

6 - 61'.



o surfax:e, even m areas where othex vegetatlon specxes are Spars

.-0

1}

Thg; absence of

o '__'_-'between 07 and 10 p.m means that'précessmg techmqnes nonmvlly used to

R ﬂ colomes. wﬂlat anymgmﬁ denslty com 1etei obécum thé mgnature from the
““? <

o

B -con&entratmns of many dxﬁeren,t metais in plant nutuerbs mll cause a stress

- resp@nse. T!ns responSe is dikplayed spectmécopzca!ly by reduced absarptlon 111

| _cblarophyll bands in the mlble and an accﬂmpanymg sl:uft of the abmpt nsq1 liﬂ

reﬂecrance between the vxsm.ble and the nea.r—mﬁ:ared or. red edge toward

o dete ot vegetanon Wﬂ; not necessaniy show hchen. Lxchen, as small submﬂlj/metrc ._._ -

' R B ‘"shorter wavelengths (Chang and Colhns, 1983) e

i edgé can be used 0 detect plant stress '-esponse ca.used d:rectly or mdlrectly by~
: minerals deuved from und-..rlymg ore bodles, by usmgf Je speclroscoplc ano maly
N to mfer a geachemcal "momaly / B |

o '-Scatten.ng fOt v*getat:lon is generally assumed to be La.mbert:an (motropm)

o | Elther of the reduced chiorophyll absorptlon in the visﬂ:Ie, or the shxft nf the red

S0

throughout the visible and nea.r—mfrared. It was fmmd1 however, that the g

o reﬂectanca propemes of Ieaves tend to be more specular in' t'm* ws:ble, ..nd
S Lambernan in the neapmfrared (Sahsbuxy et al 1987) |

F

B S a dlstmcnva chlorophy!l absorphon feabue at 0. 65 0 70 ilm or amﬁ'arad plafeau S i

i 3 A ryplc al v ¢ getatlon reﬂectance ffpem shows a regum of strong absorpnon in , o

_ th " vﬂjible due to plant p;gmendﬁ mcludmg chlordphyll adjacent td 3 fa“regmn of ”
- . __.-much,hlghef o ﬂec ta'fJ in the n,..ar-mfral'ed dommated by reﬂectancé Erom the
e cell structure. Labcrratnfy studles have shown tha’e anomalously hlgh

h(f%

N



o Near Vegéfaﬁdn Sﬁaﬁal_ Vafi'abi'liif?: .

| --.Conmdenng the fact th‘aﬁf a r;large parf of the vegetatmn m tlm 'Barberton:" f.' -

“ ol be hlgher than for the surruundmg areas where namral vegetaﬁon occurs, The A

o shape of. the pme needies also Iend ittoa greater amount Df 1sotrop1c scattenng

e | 'anomaly wathm theﬁ area covared by the pIantanons than in the area cavered by

S namral veget&uon‘\{{ega,—use of the mniormn:y of the mgnamre rerurned

- ISlmple rntxo .

':'Normahzed ﬂ:&ercnoe (NDVI) __|oux. V‘isible)/(MR + Visiblc)
' 'Ve@tamlndex- S (NIR Vm‘ble) |

. ].5_ .

: = 3 'Mountam La.ud utudy a:é\a» -.axs\ regularly spa.ced forests, exther Pme or _-_fj 3 ;
s Eucalyptus, W‘lﬂ:l very httle undargmwth and-a ground«covenng carpeg nf pmef;: S
. needles or Ieaves.s the absorptwn in: both the vmlble and the near«mfrared wﬂl k

/;J

. ':than wouid leaves of other mdigennus forests‘ § _' ke e S

. "-':{'; el
Cyo L

i - IL should therefare be easier to Ldenufy a geobotamcal or bmgeophjmcal

A

"{’.3' - A
v o =
= W .

s N - . o . . . L e R
H . .

'. _The NOAA AVHRR co!Iects data in the spectrum ra.ugmg ﬁ:om the v:s:ble to | e
| the thermal m.t'rared. The resolunon at uadlr is about L1 kllumetre. Lookuzg at
| .the vanous ratms one can deduce qulte a lot of mfonnat:lou about the canoples
L being stud1ed Ratxos developed thm?tgh the use of this data mclude those in"
| -"Table__ﬁ_l._ S e \ [T |

NIR/V:slble
S {0 9p.mf0 581;]:1)

o Tai:leﬁl Rat'osused forVegvﬁﬂon lndem | '. o ' R _.}_-_;.Q,'_; o



P

L "_"seems mm'c useful

- A 632 Fore Clasmﬁcahon -

Speﬁtfal Vaﬂaﬂonﬁ Caﬂﬁed byutollographical effects leads tc dlfﬁcultles m T

a In thls study the unages wcre not smoothed.

R '__‘.'

)

(‘ Y

o

it 1s generally accepted that the conﬁguraﬁon\of LANBSA‘I‘ TM data is well
: dcscnbcd ina thrce-dlmensmnal Euchdeaﬁ spaoe, W1th a loss of Icss than 10 i

- be related 10 scene bnghtness

| 'subjectmg all the scenes 10. smcothwg ﬁlters wnh a ne1ghbourh%zd functmn of
B Sx 5 pxxels G x 3 m band 6) mthcut threshold, will tend to’ smooth the”-_
o heterogemcy of the i mages, which can improve the final class:ﬁcatmn accuracy a

-....H.T;—.___\

Iy

5 "NDVI sa bou_.ud ratm mth values Bewvccn *1.0 and _+1 0 The uscfuluess of
b -__'.vegeu,tmn mdmes aze {lepenaunt on thc degree o whlch the 5pectral e
R contn‘bunon of non-vcgetahon ccmponems {so:l m th1s case) can de molat,ed--_ IREES

L from mcasurcd response data. At l:ug.her vegetanon denm:tes the Slmpie Ranc o

o dlscrumﬂ%tmg between many mdmdual mecws Usmg ’oand cc.uomg réasult in an R
mcrcase m classﬁ'icanon maccuracy bev.a‘u.zse of thc accurmﬂated spectral vanance B o
betweg  the bands. P e

percent of the tota.l vanancc and that the firSt pnncipai comp}cuent (PCl) can~ o

S .:._._,_Late. summer proved to bc a gccd penod for foreSt dmcﬂmmanon through- i
L remote sensmg (Helicr and U]llman, 1983) . _ T

- | To overccme the htgh spcctral vanablhty of the TM sccnes, it is accepted that



o

Lo .

Techmques for mappmg surfacg componentsk attempt w reiat e ﬂ] e knawn o

n\ . '. ..(_!._-.\ .

spectra.l sxgnatures of snrla.tce types to the ;Ietected band responses of the data. | DA L

Twc commonly used,techmques are:

1) Ratiu) methads whmh compare two channels mghhghtlng spectralf-‘-._‘ Lo

: ~ A., orptmn of parhcular surfa.oes (I’odwysockl et af., 1983), and

2) Clasmﬁcauon methods wl:uch nse ground reference mfarmation - 1denufy

Pcctral grnqu& Wltl:z:(n the data (Curren, 1985) Ly

'ﬂns d,oesnot a.olve the problem cf pu:el spectra bemg a mlxture Of component- _  ' i

: .z\.L‘S C

A method is requlred whlch uses all the mformauon to determme thef '  *

_ removed

where

o , spectra, Le. the mﬂuenee of one ‘surface type wle be confused by the ;nﬂuences.'__ o
B Gf all the other cOntrlbutlﬁ a.cP/types Wlthm ra.nge S

S _;,//" o - . X St
CoE ."\f. e ..\_\ L f.}u'

. ____compommn of each plxel gwen some pnor knowledga of* cumponen:f "
. reﬂectances Such a ‘method would enable specific mappmg of mdmduaf L

matenals and a.s a by-producr, obscurmg matenals, hke vegetauon, could. be _

Tt

0

By assuming that pixel reflectance is 2 liriear mix of -cdm;jdnen;-reﬂecthﬁces_,fi_.e. S

a,.n, are the reﬂectances of sﬁbstances in the
. wavelength:, | o L L
i‘iN : _' are the proporuonal amounts of suhstances whxch o

W
p




S compoee ﬂle plxe}” and

Wk

1s the pxxel reﬂectance value m the wa.velength
Lol ﬁlntervalt ' S R
- oneis faced withi the problem of non-reflective influences: -

Y

1) sensor pecuhantles, o

2) atmosphenc mteractmn w1th radxauon, and - e

o } ’f“u. . 3) vanatmns in IHumnauou between ba.nds and benveeﬁ Txels.-' o

e The raw data consxsts of p1xe1 count values wh1ch must he convem;;d to

'- reﬁectance td fai\phtate the' removal of the non-reﬂectance&llnﬂuencest _The L

method comsists of fom: stages.

: 1) Mmmum value subu'acmn, R |
2 Band-mean dmsmn, R _ |
- 3) Reﬂectance mean multlphcatwn, and \ |

. '4) PlXel ummxmg

| !Although the results from thxs techmque is reported to agree well mth fzeld
observations and mapped geology (Bterwirth 1990),E and accurate rnappmg of the
spacial &smbuhon of mdmdual surface types 13 almost a certamty, the system

- isvery sensmve and end-member Spectral separabﬂlty, very aecurate reﬂ ectance

S cahbrauons and. reahstw madellmg of the ﬂommant scene are prereqm ad ? for -

PR
"‘I’ ..
e

B ‘Removing vegetation has iaa:tic1ﬂ=ar_ appﬁbaﬁoﬁ for ﬁ:ineral. ei_cplq'rg'ti_én,‘; since -



L -vegeta.non covgr mvariably co&tg,.cutes the msue eno ; '. Y

vl __—: Q_

'_ ly. I-Iaw.ng unmmeé

. .vegetatlon and geolog1ca1 end-members 1t 15 posmble to reealculate bnghtness -
L __:f'values in the ongmal ba.nds w1th boﬂi green and dry vegatatxon(ggm’oved
L By scahng mmera} salunons to sum the ongnal plxel total and recalculanng thc -
B "';f_‘hnear nux of cumponent reﬂectances for eacli band de-vegetated geoiaglcal
: B reﬂcctance 1maﬂes can be produced mth the topography retamed vaegetanan

' -totally covers the plxel, the removal thereuf fa.lls leavxng the plxel black jiid

0utput lmages

TN W

_ However, w‘ith careful modelhng only asmail mgnature ﬁom geologlca: matenals

: "may be nccessary 0. obt‘ém meanmgﬁﬂ geologwal mfonuanon ..n heamly

o mforrnatmn. '

L :.vegetated areas, Further enhancements and procesmng can reahze even more

T

R
Ha

i



e - are mOre readlly discemab

S b) Spectral l‘]:le spectrm apprdach uses the k:uo“m specn'al cha:actensues of__':'_-"_- '

a) Photogen!oglcai the classm process cf wsual assessmant of shape, smej = AR

pattegn a.nd texture, nf an atea sweathermg and erosmnal charactensncs e

“ie. ‘!the topographxl‘al expresmon or spanal aspect and

P matenals to enable zszducuon of the:r composmon from mulﬁSPecHal -
' data, ;;-_ S | .

e
A

| Du=' w the rather smaﬁ ;cale of satelhte mages, features covenng a Iarger arca, “

S,

3

are suppressed The most comﬁ»pn featuﬂ‘es lmear and cu‘culaf are alsc the most"- o

' easy to pmh out, sometrmes too ea.sy, as there are a fine dzsanctwn betwecn -
deducmg correctly afeature ﬁom ﬂummal data and supposmg a feature fzom too. -
l1*tleda,ta. N ' IR IR

X

i The spectral bas:s for geolog:cal remote sensmg rehes on phenomena such as t.he!:' e

trans:tmn absorptlon in the rangn 0 8 - 10 pm, the posmon of the Ma o

varymg wzth the part:cula: mmeral (Goatz and Rnwan, 1981) Chloraaphyll' o -

absorbs strong ;r‘at 0. 45 and 068 uiw The 1. 6 um regmn represents the hlghest !

’ _\-\.'_'a ’

.whlle the smaller regwnally mSIgmﬂcam fea;m,res i

FeO charge Hansfer absorptlon in the range 0. 4 0.6 ;x.m and the Fe’* electromi: N

B r&ﬂﬁctance for most rﬁcks wln]st the 2.03 2.35 Ltm regmn records absorptmn"f‘ N g



' '_Tahie 7 I’l'indpal Applicntinn orTM Spoml Banda

i rocks and smls of hydrous clay and mica.ceous mmera.ls, where the. absorptmn o

045:0,52° © -_'Shorter waveiahgth :utoﬁ i8 jl.lst belcw thc peak "
_ {blue) |- transmittance of clear water, the upper cutoff is the hnnt of
L ... v 1blue chlotﬁhyll absorption for healtby green vegetation, ~ -
i Wafelenigthis belgwr0.45um are mﬂuenced by atmosphmc o
v .. | scattering ahd absorption. .
PR | Coastal wytér indppivg, SoﬂaVegctauon d;ffgrentmuon.
S Deeidncusecomfmus diffcranuauon : A
2 [LSZ-O.GD  Covers the regivh between the biue and rcd chlomphy[l =
R {Eff«’*ﬂ) | absorption bands. |
T _'._ 'Correspoads to the green reﬁectant:e of healthy vegetahon .
0 0.63 0.69 ¥ “The red cﬂmophy&gbmmnm band for plant species’”
L {red) -] differentiation: Less é:tfectc&by atmospherit atfenuation. The
T 1.0.69nm cutoff is belgw the region whers vegetation. -~
S | reflectanes crossover take: place, which can reduce the
“ aeenracy of vegetation investigations, Ferruginous minerals
: e -cain be separated from vegetauon due to the hxgh reﬁectance
o o _ _'-of;ronmmerals . O
.4 ] o 76-0 90 ) The fower cutoff is ahove the vegetat;on reﬂectance cross}'far
N (mﬁectivc— | region from 0.68pm (o 0.75)en, The red edgs featire of |
PR mfmred) 1 vegetadon with jts unique high raspbusc mmpared to other
o 1 terraih cover. Biomass SUrveys.
o " Walcrbodydnhneahon o : o
S5 1 1354 75 Sensitive to amount of watey i plants. Used for vege.tatlon
I S (mrd infrared) moisture measurement, © : |
o _ Snow-clnud -ice ddferenuauon e o
B 10 4—12.5 ' -Measures amoum of mi‘rarad flux emittcd from surfaces
S - {thermal- . - | Plant heat stress measurement, '
m&ared} Loeal geothermal activity mappmg, Thermal merua msppmg, _
L L Othey thermal mopping,
7 208235 Dnscdmmatmn of g«:ologtcal roc:k fﬂmatlﬂﬂa Elifcctzve for
' (mid-inﬁ-argd) _hyd:othcrmal mappmg I _

| mimma. vary for different mmera..s. Moist vegetation has a similar 1 ﬁpm/ 2211111 E |

Radiometric resolution, or ‘signal-to-noise ratlo, is vital for mineral species =

- contrast to “cla,y bearmg' rocks aud soﬂs

.f,..’ .

 mapping, L. variability introduced by atmosphere and vegetation ofteh hide



oa

TN

'- 1mp0331b1e. o

of mmerals

"l'”

SmCe the geologl cal world Is mhamogeneous, quanhtatwe conclusmns through'_a-_ .

In Spectral terms there is no plxel size that can cope w1th \mth-m plxel mlxtw;és:

8 weak mmeral sxgnatu:es, mahng extracnon m the Pfesime of mlse vtrmatly S

o |  remote sensmg are tiot aimed for. Genloglcal mage pmcessmg usually compnses o -

opnnuzatlon of the imagery to support an essentlally quahtatwe, Phtbto- e

mterpreuve approach Wlth remote sensmg techmques it is possﬂﬂe to obtain " |  ' o
certam structural and llthologxcal mformatlon more - efﬁmenﬂy than can be:." _
achleved on the ground Geologlcal mappmg wnh the md of. satelhte data enta:ls

the description of stmcturc, hthologlcal umts and EeObOtamcal relatmns hlps. |

thwugh

hthologmal mfonnauon obtamed frarn LANDSAT mages are typmally derlved o

o a) Textural mfarmatwn, as deﬁned fmm landfonn and dramage analysis, and' o |

b) Spectral mformatmn, 85 msplayed by the reﬂectance s1gﬁatures of the SR

.various nnneral assemblages present in. the Ltholog:es R

- The data are generaiiy obtamed from the upper mxcrometres or millmietres ot‘ | -'
the surface because of the b.lgh opamty and scattenﬂg chara.ctenstws of natural :

matenals Some mformahbn concemmg body propert:les, as opposed to surtace .

prnpemes can be obtamed if one analyzes the cha.iges in surfaoe tamperature.' | o "
that are mduced by dmmal solar heatmg I'hmproperty, the measure of the -

. resistance of an matenal to change its temperamre in responsa toa change m_ : -

.
P

. the_tempera_tt_lre _of its surroundings, is -call_ed the Thermal_lr__iertw_, @) ___and_ls. L



-__'-(Flgure 7. 1)

B ‘where. k= thermal conducnvxty, :

S

'c,= s_ppcxﬁc he;at.______'_. e

Rowan, 1981)

'?!

o The spectrum cs.n be chv:ded mta several dlstinct segments‘ ultrawolet vxszble:. o
| '_and near—mﬁ'ared short waveleugth mfrared m1d—infrared, -far-mfrared ardl_-'__ e
. _“rmcrowave, 'I‘he ultrawolet reglon, belnw 0411:131r and the fa:r~mfrared and
- : 'mlcrawave regmns, above 15. Oum, are not consxdered heret smce the data . |

o :__.acqmred came fmm reﬂectances m the reg:lon between 043 and 12 Spm 3

R 'The shart wavelengtlz mfrared reglon, 1 to Bp.m, prowdes mo::e dlagﬂDStIC
| spcctral information about the composmon of minerals and rocks than the Visible o
‘and near«mfrared regmns. The. regmn around 1.6pm. exh1b1ts the . hlr-hest

| ._reﬂectauce for mast rocl:sas 1tlsnear the middle between the \ﬂtrawolet-vimb’le | o
iron absorpﬁonbandsandastrongﬁmdamental OH wbration at2‘74pm (Goetz o
and Rowan, 1981). Altered rocks conta:mng clay with or without a short" o -
| wavelength Fe* absotption, dlsplays i strong peak reﬂectance at 1.6pm. 'I'he | - |
'regxonz toZ.S‘.um 18 also ofmterest because it contains sharp, dlagnosuc spectral_:”-:' 5 :

. a.bsorpnan hands whmh can 1dent1fy vanous clays, m.tcas and whonazes -

’I‘hez'etnissi_\?e portion of the spectrum, betweer 3 and 1Spm, ';;u_i_-e; of partioular

o N -Eveqthns method allows meas;.urements m a depth of Iess than 10 cni (Goetz artd' o +



- ..'.u']—'!lrl ||.- ’
14 18

a -mterest for terrestnal observauon Between 3 artd Sum spectra for vanous':__ |
_rmnerals such as mtra.tes and sulphates can be found. The regwn beyond Sufm_;_.
s cf prime - unportance Eor geologmal apphcanons, as spectral emittdnce _
| 'vanauons prdmde a bams for dtstmgulshmg between sﬂtcate and non—smcate' | o

. rocks. and for dxscrmuna.tmn among silicate rocks

B .Because of the synopnc view of the data acqulred thmugh satolhte, reglonal | L
. morphelogmal features are charactensttcally visible - m any or all the data,_ -
irrespective of ‘the mndow through shich the datd were acqutred, the a‘ B
number of these alignments of features or hneaments, are normaﬂy found to be |
| . 'preVmusly unmapped, mespecnve of the depth of detall to which 4 partlmlar' '.
area was mapped. The reasmu for thte is. that the larger the scale, typxcally-
150 000 or 1:30 000 with a synoptm view covering less than 7 (aerial' |
photographs), the less the hke :hood of recogmzmg a subtle reglonal feature

stretchmg for perhaps tens of k:lometres, or even further,

& .



- S

__'humber of ore. depOSJtS are locahzecl along fracture zones ’I‘he Barbertam |
. 'Mountain Land isa good example of ttns : -

- Several factors 1r:ﬂuence the detectton of hneaments Features that trend para.{lel' -

_'-perpendicularly, :therefore the angula.r relatmnshlp between the hnear feature

b _end the illummatmn source 1s rather 1mp0rtent

| -_A lower 111ummatxon angle is also preferred for the detecuon ef subtle:-'_ L

topographlcal features, however, as I.ANDSAT is in 3 sun-synchronous POlar-_ -

- orbit, the enly vanatxon avallable is through seasenal change, sincé data

L acqmsmon ttme 1s locaLy a eenStant throughout the year

In the vmble and neamnfra&ed regiens, the mosr diagnosnc proPerties of rocks'..

are brightness (the average reﬂectance m wsxbie ancl uear mfrared regxons) o

T Lmeaments are paruelﬂerly lmportant in mmeral resouree stuches, since ql.ute a’ : h

e the 1llurmnanen souree are normally not 50 easy to detect as those enentated .

- spectral redlance, and the spa'aal dlstnbutlon of landfemis Colour ratio o

composztes are used to dlsplay spectral reﬂectance d1fferenees in eolour whnle L
subdumg brightness vamnons due to topog;raphtc slape ke ' '

'l«'

to limit the vegetatmn cover, Some geebotamcal assectatmus are relatéd to'_. '

" regional hthologtcal vanatmns whereas others, such as barren areas or certaxn o

- types of vegetatmn, are. sPemﬁcally teiated to a.nomaious eoneentranous ef -_

__ meta]s (Brooks, 1972' Rames and Canney, 1980)

The 'detect_a_bﬂity of no_mial' and transcurrent faults with res;seqi ;e._-thr_ust'fautts' Lo

U

Amd sozl condmens, whwh charactenzes many hydmthermmly altered are as, fend

Ty . L w



*, ..-".- ER .

P d1£fer cons1derab1y, Whﬁe the first two are generaliy chexaetenZeg by hlgh angle S 7

-:_: -shp pIanes resnlﬁng in recolaneer sm-face trend the thmst faults eorrespond t{)fr 'ﬁ - .'

R low angle planes thh smuous traces, the detectlon of whmh 1s geoerally more

]

o dlfﬁcuit. Usmg band 7 (0 8-1.1 um) Ylelded the best results Con o

0 CI

o Dramagﬂ s‘ystems (past and present) and then- tectomc conn-ol are more clearly :'._
B _-: observahle on the enhanced u:na,ges Smke shp mouon along, a Imeament wﬂlzl._ S
" - 'result in drag effects on the dramage pattern. More densely vegetated areas,:___'_f_"- o o

| :_' consmung of natu.'ral vegetatmn almos1: excluswely, md;cate depzessmns where.
: water may be avaﬂable in greater abundance The potennai fm‘ groundwater m-_' I

T ,"'such areasa:ehlgher e\ R v EEET

&

r'.,l:._:- ’
PR 9{1

: The 1£_ S5 produced by band ratlomg, pnnc:pal componente transformanon and_

= _"‘canomcal analysm prowded h,ttle addmonal mformauon useful in dermﬁg the :'-:_

"~ final geologlcal mterpretatlon, according to Bailey ef al, (1982), in thelr smdy off__‘ TP

o the Qaldam basmm(:hma.

: Most of the mformauon wlneh contnbuted to the ﬁnal geologlcal mterpretatlon .
_. ::.of the area was denved ﬁ'om the standard corrtrast enhanced and edge enhanced o
.-.false colour mages 'I'he Iandform and dramage charactenstxcs mterpreted from ) _' o

- .these nnages were the cntena most mportant in both hthologlcal and structuml '
mterpretetlon. Colour (tonal) variations expressed in images produced frcnm. |
: 'canomcal analysw pnnmpal components analysxe and band raﬁomg, proved'
.useflﬂ in dermng the final geologlcal mterpretanon. Some of- these vanet:ons_ |
were pamculerly uSeful m resolvmg quesnons on hthologlcal umt 1denmy in Lo

some aress.
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B 7.1 Edge Eﬁhancement

Dunng processzng the 'IM data for the study area, 1t was found that vxrthally alF |
the procedures used yzelded mformaton. Arguably the results fmm' o
) " r‘omputationally more expenszve procedures viers not necessanly sxgmfxcantlyff S

ﬁ':._ .

.

_ \(
‘13

.o

R - next, thereby producmg an u:nage mth sha.rpened edge.s between contrasnug

L

. "_areau Such features are often topograpmcally related and mclude lmeaments

~ and dramage.. R

: For this'studyedige’enhaﬁcement was adrie .irréspéc':ﬁv.e of directibn"ﬁéu'gh' the ",
' _--use of a ﬁlter mt’h values equal to -1/(T) where T = "‘”atal number of wexghrs
L except for the oentre value, Wthh equals (T-I )/‘T |

== ST

o eyre-004 oy | |-04 0404 -04 .
04 -

‘n

;3322

| o Bty
TR I -04 s
(T_IW_O% — 04 04 -

.04 .
04 -
04 -0

g ? E

'The sum of all thf- wexghts is equal to zero _'I'lns means that if the ﬁlter 1s" .
_convolved w;th a uniform area of the image, the result 1s zero. and if the area -

T=25” S Flgm-e'IJEdgeEnhaanunel

1 |-04 -08 “04 -04 64*- o

oo

better or dﬁe.rent to results p0551ble through less expenswe pro ce dures. o R

PR

: :Edge Enhancement accentua,tes abrupt cha.nges 111 DN from 0119 glxef t0 thc -

L i

7

_15 non-umfonn, the ﬁlter produoes a non-zero resulh The result of the filter i is o
o _added to the ongmal image to produce- the i 1mage wnh enhauced edges The s;ze- o
) _'of the filter used for thig study was’ﬁ X 5 (Flgure 72). L



P

Al the photogrephs of images contaised in this repor s of sdge enbanced data.

: '.7.2 Band Combinaﬁon Selﬂﬁoq __ .

- B u-on cxide and vegetatmn, in combmanon thh ’I‘M4 and "I‘Ih

o . . e i

L : Expenmentam)n revealed that band 5 or 7 m a three band coinu.r combmatlon, | i _:. L

together mth bands 4 aud 3, does uut show goad dzscnmmanon betwaen mm“* |
nxxde anﬂ vegetanon. Umng TMI wh:ch alone dctes not d;scnmmate betweenv_'“{_' :

;,‘;fﬁ_m best Ong‘mail.;-'-"'_:

o _bands falue colour compos:te nnage 1s produced for detEcnnn areas m’:’ uon  :_;- -

S '-nunerals related to red soﬂs ((3 rosta and Moora,1989a)

Correlatmn a.nalys:s af Landsat TM data fcr and areas and laboratory spectral.- o
. data for vanous cumbmatmns of zmnera.ls mdicate that &om th@ poss1ble 20.. _

band combmauons, comhmatzon TM—-147 ma.x:mally d:fferennates hthologwal .
”matenals in most scenes, but that band oombmatmn T™- 157 1s preferable for - |

B scenes 111 whmh hydroxyl rich mmex‘als a.re prommant or of speczfxc mterest :
A.mong the posmble 455 band rauo combmatmns, 3 /1 5 f4 5/ 7 ranks Iugh for_ ) .
fopnmal mfarmatmn d1$p1ay (Cn‘ppen, 1989) (Refer Table 7. 2) B

B

'f\,'

| Dmmg this Sflldy it was found t.hat using TM2 in prefemnce to TMI m both__ o
- combmanons as descnbed above y:elded a shghtly better product. Photo 71 . o
| 'dlsplays the mddmh hue typical of Peak chlurophyﬂ reﬂgctance quite clearly over s
. the plantanons in the area, Riverine vegetation is also clearly visible. As with.
e Photo 52 (Sectmn 5 2 1) the hlstograms a.lso shcrw that only a small part of the'-'
| ava:la‘ble DN range was utlhzed by the senser Th:s xs also the saxne for the._-
. hlstograms for TM247 (Photo 7 4) Note the bmiodal character of bands TMB -



Photo 7.2 Histograms for Auto-2-Linear stretch on m_-m -
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Photo 7.4 Histograms for Anto'-z-;[ainear stretch on TM-247
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' Tuble 72 TM Ratios for Geological Applications

: result of composmonal dlfferences are enhanoed.ﬁ

Photo 7 3 dlspla.ys the vegetahon in the more,ﬁanuliar green tones, Whlle the'-'.__-'; L

mfermanon frem the neer-mfrared TM4 and m1d-1nfrared TM'? is represented SR

by the magenta tones A compamon betWeeu the two phptograp‘hs clearly shows. ;' o

fhat fdr vegetatlon studJes Phom 7 1 is supenor wh.ﬂe for the structural a,nd'. P

11thelog1cal content one would choose Photo 7.3

75 __A:gﬂhc versus non-argﬂhc

| 31'4 '_ Rocks versus vegetanon » _ o _

_ | ] __'.'Fc3*+ Fe""*versus lron-frﬁﬁ ' I ; .' % |
s b | aglicvemsERt .

4/2 Fcz"'versua nee—F'e_z"_' o

A

The result of rat:lomg is to minimize the effects on scene bnghtness ﬂJat are L
- caused by vanatmns m top()graphm slope . and ﬂSPGCt‘ Th“s reﬂect&uce 3 )
dlﬁerences between mcks soils and other surface ;natenals which may be the_..' )

v

. e
Lo

o

The 155~1 75 wm wavelength regxon represents a reﬂectance peak for most

geologlcal matenals, whxle the 2, 08-2 35 um regmn represents the fameus clay o -



=and whe:re hydrmzs ciay and mxcagem:s mmerals absf"- 1

B 731 Bana ;r{aticsfs_ vs Difference

A1

therefore clay-nch
areas can be enhanced wxﬂi a 1 GXZ 2 p.m (’I‘MS j’I‘M‘?) m%to 5 5, Secuon

' _ 5 3 1) Carbonates and sulphates alsn exh1b1t some absorptxon m tl:us regmn

Shortcommgs uf the band rano apProach are. that a. haze oorrecnon may be
necessaly for espemal'iy the shorter wave!engths before ratmlﬂg 15 dane It Sh"“ld
_ be noted tha.t the mﬂuence of albeda on the formulauen of ﬂlﬁ ‘-'9110 15 normally
o 1gnored. If the desired results are of a quahtanve nature 01113'; the albedo_

o component beoomes mux;h Iess cntmal

It should a]so be noted tha;%egetauon wxll al...o appear bnght m the ratm as the
‘spectral slope for vegeta on, due to ;eaf moxsture effects is sazular b ‘iween the-‘ -

twa bands Separatxons & 3 the vegetatlon can be ach:eved by mfmd ar:znﬂ a-
vegetatlon Iatlo, i. e 0.83 / 0. 66 ki (Phota 5 7) Wlth the 1 6 /2 2 pm fatlo

N'

It should be- notcd that the eﬁfectweness of band ranomg decreases w1th

.' mcreased correlatlon hetween the bauds bemg ratloed

S

.._“‘. . (AN . " . . S . v

Smce ratios such as TMS /TMi TM4/TM3 TMS /TMI and TM4,!TM1 tends to

shr.)w un]y the mdespread ocmm'ence of latenuc rumerais these ratms yleld -

»
4 % - i
a i
!! -’_‘l.: .
T Ay

W

Photo 7. 5 dmplays the ratm ‘I‘MS/TM? TMS/TMI and TMS/TMI 011 BGR‘ An s
Auto Gaussmi:t stretch was apphed to the data. Note the orange patches B
: mdlcatmg bome on-surface dJsturbance, mosﬂy due. to mmmg actlvmes 111 t,he E

i
[



'\""

* Photo 7.5 Ratto TMS :_ﬁ,_'r;r_M_s,(;_and'Tm/_l throush dugh ap Auto c@gmsm eeh

. "-_-htmted results Latennc mmerals are common in tropmal envuonments, where

o ::small ammmts of latcnuc pmducts can be found even 111 soﬂs denved from iron- B s

: poor Ioclcs

.t.,;: . Ty
Lo

_' A more smtable. result can be obtamed by usm,g d:fferencmg 1nstead of ratxomg

| _Imearly stretched mthout loss of mformatmn. R

) According to Cmsta and Moore (1989&) TMS mmus TM1 isa good mdlcator of
1ron oxxde content As thesc two bands have dlﬂerent average mtansmes and
_'contrast, the result of anthmeuc subu'actmn of 'IM1°from TMS is dommated by

; 'Slmﬂa.rly to ratlomg, band dlfferenmng extracts spectx’al c.ontrastﬁ'-z,htween two .. .
 bands, but does it 111 P hnear fashlon. The, remﬂtmg lmage can therefore bc.

SO

| r.he bnghtcr Jma.ge, in tlns case TMB w1th a mean DN of 1L 88 and a standard
dewauon of 6. 15 agamst 8. 36 and 3 76 respectwely for TMl Since the CDmOD



: spectral mformanon are not totally ehmmated ﬂom the resﬁltant mage, another

o :Pmcedure must be used to ohtam better resu}ts 'I‘h1s eanbe achleved tf!ov.gh the' - C s

- performance of a balanced contrast su'etch (Lm and Moore, 1989) of. %heF two:'

o bands, pnor to the mfferencmg operatnon. This, w:ll allow oompensatton for the: R

- ._ | _:blas mtroduced by ’I‘MS producmg two ahnost hnearly stretched mages Wﬂh the_ .

' '_same mean ﬁnd value rauge

e

SR

732 : Alternaﬁves to Band 'Ratios“_'

) _Usﬂlg_ _fhe clay ratio, vegetanon wﬂl Lo mghllghted wuh the genume soﬂ and rock R
o 'clay features, Sepa:ratlng the two is dlfﬁcult. L v - o
g spectré_.l _'iﬁdices approach has ’beeﬁ'u_ prepo_s'e_;d-.:by Elvidge and Lyon (1984),
where a regréssion of the 1. 6'-and '2.2 'um bands p; sdicts an exp-eCfed value in the R

22 pm band. 'I'J:us Is subtracted from the ac‘-ual 2.2 um band plxel value to glve | -

a resxdual representmg total clay and vegetauon absorptlom The vegezauon}.;-f

- component ‘is then removed oy - regressmg total absorptxon against the o

B Petpendmular Vegete.tlon lndex, where predicted PVI 1s subtracted from total__.._' '
22 pom abso:ption to leave aremdual attn‘bute to geology The PVI 1me.ge i the, :
perpendlczﬂar distaace to a bare rook-soil basehne in red again. t NIR whxch is.
determmed beforehand o - R

During the course of tlus study vanous other smple and oomputauonally cheap . '_ R |

.. procedures wore tested. Photo 7.6 msplays the result of an addition operation on. -
' BGR TMI was added to TMZ TM3 to TM4 and TMS 10 T™M7. An-

o Auto-2~Lmear strétch was apphed Compe.nng thls photo’ to Photo 5.1 and' |

Photo 7 3 the Lcreased amount of mformahon avaﬂable is cleer. Movmg to'. |

&



Phioto 7.7 TM(142), TM(3*4) and TM(5*7) on BGR
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Photo 7.8 TM(1%2), TM{3%4) and TM(5*7) with Auto Gausslan stretch on BGR

Photo 7.9 Histograms for Auto Gauasian stretched multiplied YM bands

7.84



S Whena séeeiid gtr'stcn--(sufo" eaum)'was'appﬁed 1o ths view, Photo 7' g -
o resulted 'Ihe gsin ju mfonnatmnk?ver the forested areas is quits drsstm, but the E

S _ R} .___photographs (Photo '79)

o 74 Principal Components Transformation - =~ ° -~

PhOtO 7 59 there 1s 2 notlceable decrease in amount of mforms.tmn wsmls m the_ o [RTI
- forested areas, whﬂe t.he non-forested areas dxsplay an mcrease 111 oontraso}’ and . '
S therefor an mcrease in ws‘ble mformatlon. Tl:us wew wss denved through the.;_ e

: '_ mulnphca.tlon of consecutlve palrs of Auto Lmear stretched TM bands

Rel

- pries 1s the loss of deﬁmt.zon over the non-forested areas, The amount of shlft'_"-'_:, Lo
e due to. the stretch is cleaz fmm the histograms pertammg to these tWO:' |

N3

ia-"-

E X L S a . H k2 e L

. : M L - : < N T i B i

o fe Lo VoL L :\\_\ )‘ P -
PR

-
LT

| Priricipal comﬁoneﬂts transformatiou’ ontimizes the use of remotely sensed

_' 1mage1y by re‘n ovmg the corrolatxon whmh is mherent to many sensors. Major -

drawbecks of this technique include fhe fact that c‘o]cars in the PCT colour |

oompos1tes have 1o simp’xe relano.ishlp to specu'al featu.res from the Orlgm al'__' o

0
.'1
L

(-*,-_.-.:_( . !

-‘-The lower order components (PC1~3) often represent nothmg more thalf a

tOpographic enhancemsrt of the original data (Photo 5. 13) Photo 7. 10 is an

_:unstretchod pnnoxpal components tombination 234 on BGR, while Photo 7.11 o

is an Auto~2—Lmear stretched combms.tlon 534 on BGR The shazper appearance_ -
of Photo 7 11 is the result of the apphed stretch '

 Note the yenowish colout o balo axound the m@k fault (refér to Photo 3,1)

7.8






and Joe's Luck Pormation, which is related to the ironstone and ferruginous
" shele 'éSISOeiated"'with " these' feﬁatures Other surficial distui'banees arel also
notloeable, for example both Falrvww and Clutha mine slime dams appear vew

" "_prormnently 011 these vwws 'I'he same with Sheba and Agnes ‘mines:

- Since the least co'rfelaied feafures are me.bped to the higher order eomponent.'s .

the feamres of most mterest for mineral exploratxon are normally lost between

'the noise Wthh, bemg tetally uncorrelated are al,so mapped to the higher order :
'components This causes ‘the standard PC'I' to be d:sregarded for n:uneral'_ o

exploration applications.

: Applymg a decc)rrelatzen stretch (Rothery, 1987) is one way of xmmmizmg the_' '

problem of colour d1str1buuon. Tlus techmque makes effective use of stretching *

the pnnmpal component_s_ to give it a spherical distribution in PC feature spaoe_,'

- Photo 712 Decorrelation siretch Combinations 645 with Auto Gaussiax stretch




foliowed by the faverse of the rotation used in the PCT, in order to produce & a

 three band colour composxtc with a complete range of colour vanauons onthe .

' origmal axes The main advantage of docorrelanon lies in reta:mng the sama N
o colour relanonshlp_s as the composite using the threo ongmal .bands.- The
- disadvantage is that it also uses information from only three spectral bands.

Crosta and Moore (19898.)-fo'und tlﬂfusing bands 1, 3 and 4 as. inpﬁt for
"'deconelanon stretchmg resulted in the clear enhancament of iron nch soﬂs in

' relanon to vegetatlon

In another approach, followed by Rothery and Francis (1987), the first principal
comporient isj_‘repiaced by an uniform DN image, before applying the inverse
| transformation. This method removes _mosf: of the additive at_mdspherio effects,

“since PCi, -whi_oh is-anal_ogol.is to intensity and _luo:liﬁosity, is parallel to the -

Photo 7.13 C-stretch Combinations 423 viewed through an Auto-2-Linear stretch

e . s = : = == ]



e Pﬂnclpal axib of the pro‘bab:hty densuy funcnon of the mage. .The resultant: : :
'Colour stratched dxsplays areas of 1dent1ca1 composmon but. d1fferent slope:_:f
'_"\aspect more conslstent in oolour than is possible thmugh other m,ethods ;f an v

i

o -'atmosphenc corxecnon 1s not carned out o ea.ch band. -

_ For both Photo 7 12 a;ud Photo 7 13 a]l 6 TM bands were unhzed in ﬂ!e'f .
prmcipal components transfonnanon, Photo 7 12 dlsplays GOmbinations 65 45 _ | .
_.:..v1ewed throughanAuto Gaussm‘ﬁ stretch on BGR Far the C-stret ch Ph0t0713 . -

o PCI was replaced mth aDN 128 grey n:aa,gc before the mverse tranSfmuon _. o
_ was effected The C-Stretch is wewed thmugh an A_ufo-%l.lnear Stretch Note.:'\.-__ | .
B fha,t this mew glso enhances. the ferrugmous sﬁﬁle and uonsmne, smular to i

. ._\‘

Photo ‘7 11, whﬂe the D—stretch (Photo 7. 12} does not e
_' : 741 Feature Or_iohtatoo Princlpal 'Cdmponent__sélécﬁ{;ﬁ -. N | o

B Crosta. and 'M.oore' (198..955;):. dé’s’c:r.ibed: an oltorﬁotivé aﬁliroach “io prmmpal"
components whxch is used for targets from which the theorencal sPectral

response is known, ‘Iins techmque of ”Feature Onentated Pnncrpal Component-_ "

Selecnon" a]lows for the 1dent1ﬁcatlon of oomponents whmh concentrate sp ectral -

. mfonna.non due to Spemﬁc Supf:rfxciai targets. The elgenvectors used to calculate:‘ |

~ the pnnclpal components are exammed and each PC 1mage isrelated to the two | :

- or three onginal bands Whlch contnbuted the most data to i, Spedﬂc PC’s can |

' then- be selected to dlsplay tho deSu'ed features, _ basod on the major :
_.contnbutlons, both negatwe and pOSItWe, from the ongmal bauds most hkely to_. _

Y

o dlsplay the desued target.
As expected,PCl 'dogs. not revoal any SIgmﬁcant _:speotral _féatui'é_-, s_'ince.'it s -

7.8



2

composed of 2 pomnve m:xmre of all the bands,

: ﬂus case w11:h a. greater-
§ E pmpomon of TMS shomngtopographac shadowing and albedo mformatlon. ?cz_ﬁ L
15 donnnated by the contnbunon of ’IM4 showmg spectral I'eSpOIISe due to'

i
A
-
4

vegeta.non, whﬂe PCS 1s sumlar to PCI m t{;at several ongmal bands contribute | o .
Cin balanced proportmns. Detaxled analys1s of hnw the PC’s are formed reveals

e spectr ol mfnrmatmﬂ due to uon é‘xxdes

1O0om §
_593% |

242%

Guaw |

- 193% |
_127%

| ©78%

men | qum

- 12%

51w (Jo26% | 45% 1% |

| orom

o Tﬁble 73 (_i‘_ont___rlbﬁﬁons to Principal Components |

1%

o Aswonomdeshaveahlghresponsem'l‘l\ﬂand'IMS andlowm’I'Ml the-

__component mth the b1ggest contnbunon fram 'I‘MS and TM“7 and. the lowest_ _ | o

- from 'IMI would reﬂect the most mformatmn about the presence of.

' goetlutefhemaute in kigh dlgltal numbers, For t‘tus area and data set, PCI seems -

to ﬁt the bill best. Similarly mm oxides will be representad by low digital

. __numbers in PC2 and PC4. This result is fn sharp contrast to that of Crosta. and

The appllcatlon {‘lf feature anentated pnnclpal component selecuon to the test

' area seems 16 be a good way 1o dmplay sPectral features due to the gcoethlte. aud

 Moore (1989&) whlch rcﬂected high DN'sin 2 PO4 and low DN’s in PCS and PCG -



a2 AFourtthmensmn mPCColourComposztes I

- -'hemante m 5 ol,ls denved fmm the, greenstone volcamcs, However, vdue* tn a

*cal pmblem, 11; was not posslble 0 mclude the phatograph m tl:us report o RO

i) ;

o Smce the blghest ordr;r PC’s concentrate most uf nhe nozse. from the data set, a S

o colour composn‘fe of the 3 hlgher order PC’s usnally tums out to be mappropnate S

S 'P‘C, does ngt aﬂow mterpretauon of geologw structures and preclse 10ugt10n ot'_. o

g for vlsual mterpretanon. The complete la.ckaf terrmn mformauon repfﬂsemmg”{”‘ : . | |
o .-topogTaPhlc shadmng and a.lbedo, whmh I selecnvely QPﬂcenm‘wd in. the ﬁrst-.f': o |

N 'areas contammg anomahes Cnppen (1988) developed a techmque whereby four__ -

_'statlsw:aliy mdependent mlages generated through pnnmpal Cﬁmpﬂnemh-

' transfo:matzon are combzned to form a. smgle colom' composue 1mage The L

" techmque oons1sts of selectmg tbree components other than PCI multzplymg .
| each of ’shese by\PCI rescahng to fit the dzsplay range 0-255 and assngnmg each"
o _result to an addltwe pnma.ry colou: S - : :

'_ Using thm techmque 10 coﬁiﬁine the three 'ﬁigher order components wzth PCI, o o
' resﬂts m rhe spectral mformanon from the mgh order PC’s bemg retamed as i |
hue and samrahon (chromanmty) aud the terrain information from PC1 |
'_ -controlhng the mtensity This oombmanon represents almost 90% of the. total R

scene vanance fmm the 6 bands

| .. Ta]nng : tlie process tmé step fu:th" ér,- thesquare 'r(jots' of*':'the pn‘nc]pal
components were taken before multlplica‘twn Photo 7.14is the result after the___ o '.

- square root of PCI was multapl:ed \m‘h the square roots of PC:M

. .

i

y

5
v
B
it

.
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 Phota 7.14 Square roots of Principal Components multiplied -

S A | -,/_'Pc ‘=» | GREEN |

An Auto-z-Lmear stretch was a.pphed too the dataset before dmplay. Agam, |

B . -_another way of memng the s same 1mage

743 Directed Principal Compdnént Analysis

' Whﬂe vegetatmn can be used to mdicate bom gs;- .mx:al and bmgeochemlcal »
| ‘anomalies, for most geologwal stud1es 1ts effects a}e a dlstractmn. The method-
of “D;recfed Prmcxpal Companents Analysw or DPCA" (Fraser and Green, 198’7) L
was tested on Auborne Themauc Mapper data, a:nd found ta be Successful for :
substannally reducmg the effects of vegetatlon due to tmpxcal savannah o

woodland with 50 to 70 per cent vegetauon cover For areas w1th more. cover, _' '

et i g
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. =~3

v I
-

R

- where the numerat{)r band is chesen to momtor a httle—var_wng standard whereas 3

thswm:s niay belessdenmiwe .

- 'Baﬁd' ratio analyms isa ﬁadiﬁtsﬁéiaﬁd effe&t'ive'-méthed fo

o

Femc oxldes and vegetauon exh1b1t strong absarptwn features in the vmble aad '. . o
near-mfrared spectra.l regmn ({)35‘41 pm), whlle vanous Phylltlsﬂl Cates - L

. _./J_,..

. carbonates and sulphates, together w1th both d:y and green vegetanon, are'_'_' L : |
B charactensncally reéponmvemthe shortwavelength mfrared reglon (1 1-25 pm) S

dlfferences between bands of uf.lage data The plxel bnghtneSs values of two o
spanally co-regastered bands are expressed asa rat;o, and the rem.xlung Values e O ._ |
scaled for display purposes Band ratms are pa.rt:cularly smted to those data sets': I
bnghtness dﬂerences are effecuvely removed by ratmmg It is however d1fﬁcult" - SR

o resyonsxble for the remammg vmabihty

“The- 083/0 66 ;.u.m serves as an exoellent vegetanon Jndex. ’Ihe strong"_ A

.-f\déte S spe,ctral B

S the dormnator band maps the vanablhty of a spemﬁc spectral feature. OVerall el

.' to demde whether cha.nges in. the denommator, ammerator or beth are.'."'_ o

charactensuc chlomphyll absorpnon of green vegetatlon at 0.66 [.Lm and the .'

l'ugh infrared plateau at D 83 pm mean that few other matenals glve as hlgh a o

ratlo,

oxides, respecuvely,

o .'{:-

For geologmal a.pphcatmns images of 1. 65/2 % wm (TM7/‘1‘MS) and o 66/0 5.
pm (TMB/TMI) band ranos are commonly used o enhance clays and ‘fron :

Since pixels Tepresent mixturés of reflectances, considerable confusion ex;stas o



L 'are used because they are theoreucally easwr to mterpret and are already'.- -

_Input ranos are selected on the bams that one ratlo contams mfonnatlon'-_ R

o effecuveness is lessened by the similar responses of another component (1 e "

- scales using the standa.rdEed PCT methed me results will be mdependent of

‘rﬁ"'
\- .

_ : to which contributmg reﬂectante( i responslble for whu.h component
k '--eharaotenzanon. T.he smaﬁer the plxel, the less the I:kehhood of a vanety ef

'-1 T
gy

L
e

- covertypes belligpresent. T Sl RN
L _:_However, exoept for cases yhere the sensors are ﬂooded bjr very strong_'_:.-' AR
'- reflectance emanatzng from a single source, plxels w:]l aImQSt always represent :

2 mmture of reﬂectances. Thus a method 1s needed to” reduce the eﬁ‘ect of‘-r':'

- vegetation.

- 'ﬁ".'Ihe aim 13 to dlrect aPCT‘ at two speclﬁc band rano m:mges Band rauo 1mages ol T

K rege:dmg the eomponent of intel est (le.a geologlcal dmmnunwt), however 1fs-.“_-

' _;,vegetahon) ‘I‘he second ratlo contams mformatlon about tl:us spructrally_ o

' ___mterfermg component (l.e a vegetatzon mdex) | o

__As long as there are no addmve path radlanee effects, the ranos calcnlated trom R
the Taw d1g1tal number (DN) values w:ll b, conswtent thh each unage and
pmportional t trgeradlance 1atme As the DPCA uses sceue Statlstlcsl and re- f -

| _"whether raw DN or oorrected radzances are , used. Unless path radlauce effects
~ are very large, ﬂ:ey should :aot have a marked effect on ﬁns preeedure 'I’hxs is
. 'because it is the correla.uon structure that is m:uportant, not the absolute values
of the rauos. As the. oorrelanon is determmed "“*om the; data themsewes, the

ERY =




Photo 7.16 Directed Princlpal Component 2 False Colour Cbmposité

7.9



. p?qéedureisina'sehse self-calibrating. % o

'absorbmg from thosa that are non-ahsorhmg 111 the zzzpm ban,d The DPCA

s "method asmmes that the axis of major vanabﬂity (1.e DPCl) m the space
T - deﬁned by the two mput _band J_:atms is donnnated by muctures of vegetation and
| :unaltered substrate.' The high degree of correlatwn batween the 0.83/0 66 em |

a _ and the 1. 65/2.22 uni band ratms, present because of vegetatmn, results n the .

o The problem bemg addressed is one of sPectral nuxtures* ﬁiﬂctures of substrate E I
| and vegetaﬁon ﬂgm wh:ch we would like to sepamte substrates that are e

©

n vegetatmn and non-vegetatlon (Le. clay). compo::ents of the 1 65/2.22 o band R

'ratm bemg separated into DPCI and DPCE, respecuvely T s |

- transformatmn, after an Auto-z-l..mear stretch was applied. The ﬂooded plxels
in the. aveas covered by fbre*fs and other dense vegetatmn are strongly
> contrasnng with the darker pxxels in the rest of the 1mage. Photo 7. 15 represents

the vegetation "stmppied—off‘ from Photo 7 16, which 15 the component 2 as

) wewed through an Auto Gaussmn stretch

---x._“.

_'undemeath the_ plantat;ons. Durmg the research an attempt Was ma_._de- to |
 separate the plantations from the rest of the image through the use of various =

- masks. The results were very similar, except for two things:

1) a definite edge formed batween the area covared by plantauons and the
rest of the 1mage, and '

.....

. Photo 7.15 i the ﬁe‘w of éoinbihatibn 1 of the diroted princigal -'compoﬁéuts -

L,
(



S .

Photo 7 1’? 15 a normalized vegetanon mdex, wewed through 3 Auto Mean‘ .
.__'stretch ' EAA BRI
m . [’!M? ™5« 1271 . o EEEAE S S |

[my+ ] *_2 ELEEEITEEID SN

- Utilizing thas vegetation mdex a§ the cnmmrm denomxnator far the 1. to 1

_principal components “aﬂsfﬂmﬁﬂﬂ, produces a rather mfferent result

'Phota718 - S _
Companng thls to Photn 7 16 the dlfference 1s startling Thxs ls a typlcal resuIt R

"~ of overprocgssmg rather a mess, wnh very little mformatmn decemable. :

- Using“i’he squlﬁre oot am:l ﬁliﬂiipliéatiée iéchniQué stenilar to the one described o '_

3 earher (Photo 7.14) on the defoliated dataset, the resultant view (Photo 7.19) R
| _"-show a stight decrease of nformation v:sible OVer the forested araas. Singe the S
 mathematical function utilizes PC1 from & ‘normal 6 band prmcipal componems_ o
tl*ansfonnatmn as the oommon denommator

o DPC% -
. m o

the thicker vegetation is to be expecﬁed The resultant vnew, us seeu throngh au L

LoouE
T

i

BLUE
"RED .

Auto Gaussmn stretch is computaﬁdnaﬂy rxov; Jnstiﬁable‘ R
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5 only a fow bands 1s what data compressmn is all a,bout “The. aun was to-,' -

i\

" Pioto 7,19 Multipiteative technique applied to Detoliated view.

744 Further Processing

_. Processmg does. not. have to stop after pnncnpal component transfonnatlon
-Where. the transformation is used as a data compressxon technique, it 1s
:.consmered to bo part of the pre-prooossing stage and therefore most of the
prooesslng for- content is still to fo]low It thls case pnnmpal components

- transformaﬁon was ot used for data compressmn, although-enhancing and |

<cotnbining the vanous components of features prosent m the varlous bands mios'

redi;;tnﬁute informatios th:oughout the. six bands in scha way :t.hat false eolo‘ut‘ i: -

oombmatlons may roveai features "hus far lndden (See Phgto 7. 10)

., . . . : . g . N T Py

_Usmg Photo 76 (Sectlon ‘7,3,2) a5 mput datasat. (a step 1), a three baod

pnnc:.pal components transformauon re.sulted in Photo 7.20. As thh tho'

] 7 - .99



Phote 7.21 Step 3: Inverseé PCT with DN12S grey as PC1 with Anto Linear streteh




S

pnncxpal components cembinahons PC-234 (Photo 710) and PC-534=’
(Photo 7. 11), e n'on bea.rmg umts can be uaoed even 011 thus scale. It zs qulte |

| | ..: ___posmble that an enlargement of thls wew to, sa,y, 1 l{)O 000 wﬂl show mere -

- .mfermauen than exther af the two PC eombmatzons on the same scale Agam, S

. --'the shght smeethmg of mfonnatmn over the ferested areas is to be expected For_ BT
o sep2 (Photo 721) the fnverse transformation was ffgcted mth PClbeing
'replaced by a 128 IDN grey unage, Usmg ﬂ:us as mput fer a HLS coInur__?'-.:.'-.::.' -
transfonnaucm agam reSulted in a celour ﬂooded wew as can be seen enz._' R

© Photo 7.22. As 0 stretch was used for this view, an Auto-2-Linear stretch was Lo o
apphed to see if eontrast stretchmg could seften the hmh colours somewhat. __

’I‘he rather surpt;xsmg result, Photo 7.23 dmplays qmte a blt of deta.tl over the' S
_ fcorested areas, 3 \ one ceusxder that ne1ther of these steps have been subrmtted_ B
- R to the defohanon routme used prevmusly (Sectmn 743). ’Itansfermmg the Auto-._ |
_ Linear stretched HZLS colour space back mto RGB colour spa.oc lessened the -
s informauon over the forested areas but greatly enhanced the amount of
) _. geelegmal mformatmn vxs1bIe, as can be seen on Pheto 1, 24 Note that no stretch o

S w!is appliedforthmwew S

Fon
Wk

Changmg tﬁe' Of&er" of preceSSiné }mlﬁnes utiliied' also '.va.r.ies' the Oiitput' L
E ma.rkediy Starhng with the same Phote 7. 6 a su:njla:r prmmpal components- .
S ’ coiour transfarmation set of rouunes resuited m ‘Photo 7. 25 a shghﬂy Iess bnght
n . but posmbly more. psable view, 'I‘he set and seqizence of routmes apphed to the _

X - . . . . W

ﬂstﬁrtersetconswtedof A e

o 1) Prmmpa.l components transfermaunn ef the three mput bands, dlsplayed _

\adthoutanycbntmst stretch e BT (

2) RGB 1o II-IS colour space transfermanon, agam wnhout a stretch, e

. _i\\"'

oo

i L

5 Y eyt P e —

i Ao, e £ 1 e
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HLS tiansqumaﬂon viewed without stretch

Photo 7.22 Step 4

r stretch

vievied throught e Auto-2

HLS transformation

4

Phétn_‘?.n Step

7-102






component replaeed W1th a 128 DN grey n:nage and nb stretch and

: RGB cnlout space as mput - o

;F. "‘-._3

ferrugmous fo:-manons 1s dxsplayed as da.tk bands

3) An mverse i:olour transforma.tlon, I[-IS to RGB but ﬂ tl;e mtens;lty :__ .

4) An mverse pnnclpal components transformatlon usmg the transformed. '_ ':' R

2 The results were vwwed thmugh an Auto Gaussmn stretch On thus wew the'_‘_-' o

B



_If;}.- . _:. ¥

| _ '.Mprnvcment in the wsual result, as can be seen from Photo 5 12 and Photo 5. 13

- ,'expectations, as can be seen m Photo 5 19

L ) hke. supervmed and unsupervised: clasmﬁcanon dOeb not always hve up m _-

B _techniques (Seotmn 5) may be uonstmed as bemg msultmg to the remote sensmg :

_ | - co:mnumty at la.t‘ge at shouId be pomted out; that ':he more pleasu]g the p1cture' | '
- 'presented, the more hkely the use thereof by laymen. Havmg said thag, the

'author must Immedmtely conreda that 1t is often not these pretty pmmres that -

B | fact, qmte, a bit of addmonal mfonnaﬁon gathered dunng the 00111'55 Of thzs .
B "study had very llttle to do with the beauty rarmg of the wews ‘

a 5x5 kerm:l produce good results mthout overpmcessmg the data (Photo 5. 1)

._'."mherent correlatxon betweeu the banus Applymg pnnmpal components o
: transformatior&, elther' a8 a data compresswu techmque, or as a prééessmg '

gews

o Scam:ing through the photographs oontamed m th:s report, one is struck by the_‘_ .
:‘. '.__.,. dlvermty of the v:ews (photographs) present 13 1s clear that even sm'.lple. S

aperatmns hke. coni‘rast stretchmg and edge enhancement cause a marked;_ e

i :a.s well as the accompa.nmng hlstograms (Photo 5, 14), among others Tﬁchmques- | L

e Ajthough the use of the word beauufy in the same breath as 1mage processing | E _

&

o "supply the good sohd mformanun whzch further sclentxﬁc knowledge In aqma;r_;_;___ ..

| -Enhanclngfor structuralfeatures prOVed relatlvely eaSy Edge enhancementusmg o

_ ._V1e\anng dlffe:rent band ¢ombmauons a]so enha.uced mture;ﬂfferenﬂx But o
_ .‘_‘-there is only $0 much informatzon that can be extracted mthout remomg the_'”__' o



-techmque in lt’s own nght the results are stﬂl quahtatwe and. worth very little |
| ; unless mterpreted by SOmeone Companng the C-stretched i nnage, combmanon'_"__ o
_ .145 as viewed through an Auto-2 -Linear stretch (Photo s 1) to Photo S 13 itis |
glear that each of these views has SOmetthg to contributs to the blgge.r plcture,

o Photo 5.13 shows less lineament information than Photo 8. 1 but it doea show the S

'_fermgnous hthologles assoclated w1th the Barbrook fault and Joes Luck_ .

| Formatlon.

' .Smoe plantauons eovered areas crmcal for ;dentlﬁcanm of hthologlca,l:'-'._"'
'boundanes, a conoerted eonrt was made to ﬁnd, “educt or develop techmques .

whlch would enable one to at least mlmnuz.. the contnbutmn of the vegetation

component to the plxels bemg mvasngated Utthzmg -vanous techmques, -rangmg’ R

from masking operatmns followed by dlfferentlal oontrast enhancement to. the

_.'dlrected pnnmpal components approach, a.nd leadmg to some qmte drastlcally :

Photo 8.1 C-stretch Comblration 145 viewed through an Auto-2-Linear strelch:

8- 106



dlfferent results, it was p0551ble to enhance and lsolate areas oovercd by den.se

| vegetauon, mcludmg both pla.ntatlcm aud nverme fozests (refg:r Photo 57

Photo 7 1 and Photo 7 15)

As was "'tu-'Be"- é:‘qie‘cted- the prodﬁcﬁon of one single 'Vievéri-whic}i would enable '
near complete vistal mterpretatzon tumed out to be. pretty much mposs:blc, ’I’he B
best smg].e dew result came fmm the addmon of two of the dxrected prmclpal "

- component sec(md combma.tlon bands (Photo 8 2) Agam, thIS is only a bettcr -

base for visual mterpretanon. |

’ As the p1xe1 size of LANDSAT TM is 30 m, enlarging these photographs to a o

gcale of 1:50 000 pmduoge /"7 vixelated‘image. Resampling the datasst

dmgo a15 f:zr 10 mpm.

| -mphes an accuracy WhJ.Ch ﬂlx S - ave o

Photo 8.2 Two Directed Prirciped Component second combination added together '

. 3 107

¢vi¢ e dramatically, but it also




o -' '-_Demdmg which of the prcoedures tested durmg this study resulted mu . K
- enhancements which could be Justxfxed mth regards to eumputaﬁenai expense. -
B the foremost enhancement ame. from the directed pnnmpai components{:,' :
'-_'_-transfnrmauon (Photo 1. 16).. Mulnplying the square roots of PC’s predueed'.'

: : . acceptable regults, but thm was also partly attamable thmugh band selectmn of- :
o _pnnmpal componen;t cembmanons Sumlarly D-stretch (Pheto 7. 12) and _' _

C stretch (Photo 7. 13, Photo 8. 1) algonthms resulted in usable mews

'Relatmg the views to the geology show a defimte merease n mfonnation when C .
o eqmpared o the. exlsting published maps (Photo- 3.1 I.ineaments with a
= northwest-seutheast strike deminate the processed views, with quite ) number -

o of northeast—southWest treﬁding ]ineaments elso visible, -

- After cempafiﬁg thése views with the geoiogical map, it is clear that some. of the
| linear features are net represeuted {0 theu fullest extent on tl:e map, Most of

 these features seem to be somewhat larger than indicated, Some of the shorter

- '_nerthwestssoutheaet _trendmg_dykee seen 10 be just parts of the same dyke, for
example the dykes to the southeast of the town, 'stretching over a 'greater |
: 'dJStance than indicated, that is, from the Mountam Land nght through into the
) Kaap Valley Pluton (Photo 5 3, Section §. 2212 and Pheto 7 20, Section 7.4.4),

- Some of the ﬁorthwest'eﬂy tr'endiﬁg'valleys to the southeast of the Saddlebeck

| fault show distmct evidence of structural control (Photo ’7.16 Secnon 7 4.3),
however, none are indicated on the geological map,

| Smce a Ia:ge part of the Saddleback syucline aud the assoclated faults are'
~ govered by commercial forests. these features turned o gy to be less easy to trace o

L g8
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o

PO

through T this case the ﬂlummatxon anglea also played 2 ptﬁrt, as Jxe northwest . f :

trondmg features are quite vzsible, roga.rdloss of the:r sme

g

o

The outlines of both the Euz'oka and SaddIeback synclmes cant l’!e 1‘-1‘300‘1 on B

Some. lithologicél delineations can be made, but any mterpretatinn of lhis nmre : _
| rnust be veriﬁod with ﬁeldwork o

: Q‘.. P I

. h;l -

. ‘more than one view (Photo 7 6, Soctlon 7 3.2. and Photo 3 12 Seetion 5.3 2 1),-_ :
but the more complex Makonjwa and Bmlembe synchmonums are not vmible B

Enhanomg for 1ron content utihzing thwatm 'IMS,/ 1 produced disappomung -

Tesults, howover, forrugmous shale and uonstone formatzons were hxghlighted

* through the use of PCT. Viewiﬁg the PCT-534 combmauon (Photo 7.11), the
ye!lowmh tinge hlghhghung,the Joe's. Luck Forma.tion, as well as the Barbrook
fault (associated banded ironstone) is quite clear. The same c-olour shadmg in

other areas is probahly also due tociron content, but thls has to bo vetified with =

ﬂoiﬂwork e e T i T e

. .

'Iakmg all thwosulm, e*:cluding the computationally uﬁjuaﬁfi&blo results, into |

account, is the ozﬂy way that most of the information contained in the datasets

- canbe extracted, Utilizmg i blg enongh subset of these procedurcs will ensure |
informed decision malcmg witlun é reasouable umeﬁ‘ame, and often at a fraction B
~of the cost of & regular exploration budget ' '
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