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* Remote sensing iy defined ay obtaining mages
wsing  adrerafty  or  sotellifes,  processing,
wterpreting  and  relatuing them  through
electromagnetie spectrum (Sabun, 1997).
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Table 1

Remote sensing systems for mineral exploration

Characteristic

Landszat 4. 5
thematic mapper
(TM)

Landzat 7
enhanced
T

SPOT
multispectral
scanner (XS)

SPOT

panchromatic
{Pan)

AVIRIS
hyperspectral
scanner

Spectral region

"1z1ble and reflected IE

Panchromatic
Thermal IF.
Specival bands

Terrain coverage
East to west
North to south

Ground resolution cell
Visible and reflected IR

Panchromatic
Thermal IF.

0.45 to 2.35 um

10.5 to 12.5 pm

185 km
170 km

30 by 30 m

120 by 120 m

0.45 to 235 um
0.52 to 0.90 um

8

185 lan
170 }an

30by 30 m
15by15m
60 by 60 m

0.50 to 0.89 pm

3

60 km
60 Jem

0.51 t0 0.73 pm

1

60 km
60 km

10 by 10 m

0.40 to 2.50 pm

224

10.5 km cross-track

20 m
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| VV['V‘ WC/{‘LO‘W Advanced Spaceborne Thermal

Emussion and Reflection Radiometer
detor ASTER:

T2 3 4 5 T
H—H F Landsat-TM p— b ASTER Bands
FE 4 seoT-xs e 4 56789
" . 1 L} L) L] L) ] L] I L) T L]
—] SPOT-Pan Y l

AVIRIS Hyperspectral Scanner (224 bands)

Muscovite

Armospheric
Absorption Bands

Kao{xite

Alunite

Epidote —>

Reflectance, %

Reflectance (Offset For Clarity)

Calcite

Cl'llo rite

Zzs0 ([N

05 1.0 1.5 2.0 Bs
(Claxrk et al., 1993; modified from Mary
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Objectives & metirvodologies.

¢ Many publicationsy howe been reviewed are
coverung dufferent systewms of Remote Sensing.
Outcomes of these systemsy were processeol using
Mfferent techwuguesy (mentloned wv  the
previouns sections). AW system and techunigues
were evaluated un ferm of statistics (number of
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» Toxgets: potterns  mapping  of

o Hydwrothermal  altfered Rowan  and WW

ZOoNes recogritLon AN IRy |

. Geological and fracture — 0Bt mosae - un
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L vferature revtenws

Locality Reference Comments
Western MNorth and Spatz and Wilson (1994) Summarizes published remote sensing studies of
South Amenca 12 major mining districts from Brtish Columbia to Chile.

Altiplano, Bolivia
Canada

Chile, Pem,

and Bolivia
Jordan

Jordan

Sonora, Mexico
Mevada

Spain

Sudan

Anrona

Montana

Idaho and Mentana

Utah
Zaire, Zambia, Angola

Enepper and Simpson (1993)

Singhroy (1991)
Eiswerth and Bowan (1993)

Kaufmann (1988)

Abdelhamid and Fabba (1904)
Benmett et al. (1993)

Watson et al. (1990)

Goosens and Kroonenberg (1994)

Griffiths et al. (1987)

Abrams et al. {1983)
Fowan et al. (1991)
Segal and Fowan (1989)

Murphy (1995)
Unmg (1988)

TM color ratio composite images used to recognize
bydrothermally altered rocks.

10 papers on mineral exploration nsing Landsat and radar.
TM coler ratio compoesite images used to recognize
bydrothermally altered rocks. Field studies evaluated results.
Mapped hydrothermal alteration nsing digitally
processed TA images.

A vaniety of digitally processed TM images identified

a historic Cu /Mn deposit and located prospects.

TM data were integrated with field and laboratory data

to discover several prospects.

TIMS data were processed to recogmize silicified

rocks associated with gold deposits.

TM ratio images were used to identify altered rocks
overlain by residual seil.

Landsat M5S images and field work showed gold
ocomTences are concentrated along regional shear zones
in mafic metavolcanics.

Mapped hydrothermal alteration nsing digitally processed
aircraft multispectral mages.

Compared the association of linear features with ore
depesits in Butte region

Mapped hydrothermal alteration in the Dillon region.
Used hyperspectral data to map jasperoid

Major lead—zinc vein deposits occur at intersections of
Landsat ineaments with folds and thmist faults.
Unexplored intersections are potential targets.




L vferature reatews

 Crostn et al, (2003) applied Principal Component Analysis on
ASTER SWIR\WNIR bands for targeting epithermal gold deposits
related mineralsy un Loy Menwcos, Patagonia, Argentina. Thewr resudts
showed that PCA techniques can detniled mineralogicol spectral

o Velosky et al. (2003) wsed ASTER band ratio- image of (4\2,4\5,5\6)
to- distinguisiv massive sulfide mineralization in host rocks of gossan.
Thisy was done i Wadi Budev shveor zone sowthv western Saudi
Arabio.

e Xw ef ali (2004) recognized wmany hydrothermally altered zownes
around epithermol gold deposity Hhwough wtizing PCA\ band rotio

10
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A)TM 1-2-3
W
unages

B) TM color
roflo- umage
5\7 R,3\14,
and 3\5 B.

C) TM rofio-
umage S\7.

D) TM ratio

unage3\1.
E) ™
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Integrating geologic and satellite
imagery doto for high-resolution
mapping and gold exploration torgets
wv-Hme/ Sowt Eastern DW:‘* Egym‘-

d

RED SEA

4,
Y Heiani

R suture

-~
study area E\

[%.22" u. Proterozolc

< \ Strike slip faults x Gold mine

N Transpressed thrust \ Alteration zone
plunging fold . Shear zone/qtz veins

B& F2 overturned fold ">~ Fault/fracture zone

X Foliation sirike, dip <. F1 plunging fold

Wadi alluvium \

B syenogranite

| Gabbro (gabbronorite)

" Granodiorite (non-deformed)

« Basic/intermediate dyke

Mylonite (gabbroid-dioritic protolith?)
" +" Quartz diorite, variably deformed
Gabbro-diorite, locally foliated

| Meta-andesite and agglomerates

Island arc
volcanic/plutonic
assoc.

Sheared metabasalt/chlorite schist
[ psammopelitic-pelitic schist (back arc sed.?)
Il Amphibolite, gneissic in places
I intercalated carbonaceous schist and marble
Foliated metasiltstone and greywacke }
Tale-carbonate schist
| Undiff. high tectonized ophiolites, listvenite
Il Metbasalt, locally pillowed
Il Metagabbro, strongly foliated
Bl seoentinite, variably carbonatized

Mélange matrix

Ophiolites
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¢ Systemy

> ASTER.

> Landsot (TM).

s Technigues

> Pruneipal
Component analysis

> Band rotfio- uimage:

» Color composite.
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D usevssLon\concluvsion

1- AW systems of remote sensing hore been wsed storting from

3- The wse of ASTER system un mineral exploration w the most

Lcww(«ywl', SPOT, hyperspectral, and ASTER.

- It B noticed tHriat witiv fime ASTER system became tHre more
common  wsed system and  nowandays the number of
publicotions wivicihh use ASTER exceeds tHhat use other systems:

common becaunse of the following reasony:

The possibility of applying many processing tecihnigues sucih

oy Principal Component Analysis , boand rotio, and composite
color.

Spectral properties of ASTER becaunse ASTER hasy a greaf

Broad terrain coverage 60%60 wm wihich b beneficiol for
regronal mapping.
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D usewssion\concluvsion

4- Processing technmigues are thought to- be wseful for enrancing
row- umages ond to- suppress oreoa that o fovorable to- host
minerol depositsy suwehh as hydrothhermally altfered zones,
intfensively fractwred arveas, and rock types that hosts mineral
OCMr rences)

¢ Rotio image method s valuable for hydrothermally altered
zone Ulentification Le zMWW‘[‘D'WWWWM
deposuty, and foo lmited extent; they con  recognaze
mineralizotion reloted fractures\lineaments.

* Movre tHhan one band rofio umage can be collected un only one
composife rotio- image, so- more tHhan one rock type can be seen

¢ Pruncipal Component Anolysis gwes more defails Han Hre
previows types abowt rock types coverung the areo.

* AW algorithms are complementing and intfegrating eaciv other
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