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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)

SUMMARY
« Main remote sensing data used in the CPRM geological projects
» Spectroscopy Laboratory - Spectral Library of Geological Survey of Brazil

« Airborne hyperspectral surveys
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)

Main remote sensing data used in the CPRM geological projects

Because of the work scale (mainly 1:100.000 and 1:250.000), nature of investigations
and availability of data, the most used optical sensors in CPRM geological projects are
the multispectral LANDSAT TM/ETM+/OLI and TERRA-ASTER, mainly their bands in
visible, near infrared and short wave infrared wavelengths of electromagnetic spectrum,
with spatial resolution varying from 15 m to 30m.

In terms of radar sensors, the data most used is SRTM, ALOS-Palsar and, SAR-SIPAM
(Amazon Protection System).
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)

Main optical sensors used in the CPRM
geological projects

LANDSAT

Imagery Collection

LANDSAT- 5/TM (Thematic Mapper)
LANDSAT-7/ETM+ (Enhanced Thematic Mapper)
LANDSAT-8/OLI (Operational Land Imager)

TERRA/ASTER

o2

TERRA/ASTER (Advanced Spaceborne Thermal

Emission and Reflection Radiometer)
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)
Sensors usage examples in the CPRM projects - LANDSAT-8 / OLI

Recognition of lithologic variation using enhancement based on:
Gaussian contrast stretch applied to a RGB color composite

followed by Color Saturation Stretch, Laplacian Filter and, Image
Sharpening by merging with the Panchromatic ban

-3

Seridd - Rio Grande do Norte State

NW Ceara State
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)

Sensors usage examples in the CPRM pro;ects LANDSAT-5/ TM and LANDSAT-7 /| ETM+

Recognition of lithologic variation A,
Gentlo do Ouro Bahla State

(i Research of marine

B mineral resources:

& cnhancement of

g9 arenous reefs by an
i HSV transform to

| merge a linearly

SN stretched true color
B composition with the

first principal

component of bands

1, 2 and 3 subjected

to directional filter

Gold
prospection

Alteratlon Mapplng usmg Iron Oxide

Selective Principal Hydroxyl
Component Analysis - Jron Oxide + ;@,‘. 5 Paraiba
Crosta Method Hydroxyl Kl State Coast
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SERVIGO GEOLOGICO DO BRASIL - CPRM

(GEOLOGICAL SURVEY OF BRAZIL)

Sensors usage examples in the CPRM projects - TERRA/ASTER

Serra da Borda — Mato
Grosso State
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)
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Sensors usage examples in the CPRM projects - TERRA/ASTER 2l

. . O
:_"::j:;’ ;‘ e ‘
Enhancement of lithological variation using Geobotany technique (vegetation
spectral enhancement based on variation of the vegetation characteristics in ’
response to the geologic variation). Comparison with airborne geophysical data.

g= Apui-Nova Aripuand — Amazonas State

GOVERNO FEDERAL
Secretaria de ~
C PRI Geologia, Mineragdoe  Ministério de -

Servico Geoldgico do Brasil  Transformacdo Mineral Minas e Energia .
PATRIA EDUCADORA



SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)

Main radar sensors used in the CPRM geological projects

SIPAM-SAR/R99B "

Amazon Protection System - Airborne SAR sensor
Polarimetric quad L band and Xhh band

Spatial resolution from 3 mto 18 m

ALOS-PALSAR FBD (Fine Bean Dual)
Polarimetric dual (Lhh and Lhv) band

Imagery Collection
Spatial resolution of 12.5 m

(base de dados organizada pelo IBGE) ALOS-PALSAR
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)
Sensors usage examples in the CPRM projects — ALOS PALSAR FBD

Recognition of structural patterns using enhancement based on gaussian contrast stretch applied to
negated original bands. Addition of the Lhh and Lhv bands was used to product a RGB color
composit.
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)
Sensors usage examples in the CPRM projects — SIPAM-SAR/R99B

Work field planning, structural and textural analysis, land use-land cover, flood areas mapping

Reparti

mento— Para State

RiolMattadinho= RondonialState
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)

The Spectral Library of the Geological Survey of Brazil

The Geological Survey of Brazil, as an example of another geological surveys and research laboratories around the
world (like USGS, John Hopkins University and JPL-NASA), is developing its own spectral library. The initial goal of
this library was to analyse rocks occurring in Brazil and their mineral alterations under tropical climate, and, more
recently, to incorporate the mineral assemblages associated to Brazilian mineral deposits. The Spectral Library
project was developed in a partnership between CPRM and UNICAMP (Universidade Estadual de Campinas) and the
data will soon be available in GEOBANK (Geological database of the Geological Survey of Brazil).

The analyses are accomplished in the FieldSpec® 3
High-Resolution spectroradiometer developed by
¥ Analytical Spectral Devices (ASD). Its spectral
) '; coverage ranges from 350 to 2500 nm and the
— spectral resolution is 3 nm between 350 -1000 nm,
© 8.5 nm between 1000 - 1800 nm and 6.5 nm
between 1800 - 2500 nm).
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)
Preparing samples: Labeling of analysis

- NGEb ;
SM- 046 -A j -108-A
RELACAO
GRAU RELACAO
AMOSTRA FIELD _SPEC ROCHA FACE COR CRISTAIS_FRAG
INTEMPERISMO COM_SN
1 MATRIZ
2 |2140-SM-R-004A BAR_001 Calcario Cristalino Exposta Moderadamente intemperizada) ~ zge Perpendicular
3 2140-SM-R-004A BAR_002 Calcario Cristalino Serrada ;ﬂtemp_e?lﬁdﬁ_ ] nza Perpendicular
4 2140-SM-R-004A BAR_003 Calcario Cristalino Exposta Fge claro Paralela
5 2140-SM-R-005 BAR_004 Granito Quebra natural | Muito intemperizada branquicada
. N&o intemperizada
6 2140-SM-R-005 BAR_005 Granito Exposta Saprolitizada =
7 2140-SM-R-006 BAR_006 Filito Quebra natural Moderadamente intemperizada Cinza esverdeado Paralela
8 2140-SM-R-006A BAR_007 Granitoide Quebra natural N&o intemperizada Cinza rosado
9 2140-SM-R-007 BAR_008 Basica Quebra natural Pouco intemperizada Cinza esverdeado Obliqua
10 2140-SM-R-007A BAR_009 Granito Quebra natural N&o intemperizada Cinza rosado Matriz+Fenocristais
11 2140-SM-R-016 BAR_010 Filito Quebra natural Moderadamente intemperizada Bege Obliqua
12 2140-SM-R-016 BAR_011 Filito Quebra natural Moderadamente intemperizada Cinza esverdeado Obliqua
13 2140-SM-R-016 BAR_012 Filito Exposta Muito intemperizada Vermelho Obliqua
14 2140-SM-R-021B BAR_013 Gnaisse Quebra natural Pouco intemperizada Vermelho claro  Perpendicular
15 2140-SM-R-021B BAR_014 Gnaisse Exposta Intemperizada Bege Paralela
16 2140-SM-R-021B BAR_015 Gnaisse Exposta Intemperizada Bege escuro Perpendicular
17 2140-SM-R-032 BAR_016 Gnaisse Quebra natural Moderadamente intemperizada Bege Perpendicular
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)
Organization and making available on GEOBANK (Geological Information Database )

» it 4
Servico Geologico do Brasi %* m{" ¥ ‘i !#“
Fale Conosco | Ajuda E& SE Quinta-Feira, 17 de Setembro de 2015
Menu Principal ) CPRM - GEOBANK - Biblioteca espectral
GEEBANK. GIS
Data de cadastro do registro* Responsivel pelo preenchimento
- . 15/08/2015 Monica Mazzini Perrotta 2
Riscos Gealdgicos GIS Amostra coletada (Geobank)* Cédige da amestra* Amostra aniloga
HL-128 (Matadacits) 1405-HL-R-0128
oD a= Rocha analisada® Minaral analisado |
Metadacito v v |

Apresentacio

Incluir e editar dados

Consultas a base de dados
Medicdes da amostra

Arquive de anilise. Reponssvel pela anilise Grau de intemparismo Relagso matriz/clasto Relagio com Sn |

Downloads

Créditos

E® 2 reom 2 Mazzini Perrotia adamente intemparizada Quebra natural Cinza Parpandicular
Eetoimaches Bapurtanies) 2 ca Mazzini Parrotta oderadamente intamparizada Cinea claro Paralela
ErErms o= 2 Mazzini Perratta Intemparizada Cinea claro Obliqua
MopascmBDE Intemparizada Lrara Paralela

®NEW Identificagio mineral
_ d neral (2)

Fengita

Difragso de raios X - Semi-Quantitativa

pr = Mineral presente na amostra nio quantificade |
tr = Minaral com quantidade inferior 3 106

Tita

Caolinita

No de campo: KL Tipo do afloramento: Corte d o Gedlogo: Herman Santos Chatal Loureiro

Projeto: Ibitiara-Rio

Localizagio da amostra
Datum: SADES Latitude: -12.82195820 Longitude: -42.135:

Nome da folha: Thitiars Cédigo Internacional: 5D.23-X-E-V]

Nome da unidades PE4rr alfa ni - Litof

Classe: Metamérfica Subclasse: Metamorfisme resienal

Rochas Mst:

e = ettt et T e B e e

Ansliza(s): HL Tipo da amostra: Rocha Geomatria: Granulagio:

Tipa do metamorfismo: Hidrotermal Facies do metamorfismo:

Tipe do metamorfismo: Regionz| (Dinsmotermal) Facies do metamorfismo:

Descrigio da textura: Porfiritica
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SERVIGO GEOLOGICO DO BRASIL - CPRM

(GEOLOGICAL SURVEY OF BRAZIL)

Organization and making available on GEOBANK (Geological Information Database )

Ministério de Minas e Energia
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Arquivo de analise

@ * rcooer

® F AE000293 FOD3S50.IPG

Assinatura espectral
i ASDIPANalytical Fi

de analise: Espx
Amostra: 1405-HL-R-0128 (Metadacito)
Cadigo da analise: IRC.281

3 Hi-Res (350-2500 nm)

Af

Ocrrm

pm..-v.b'

1405-HL-R-128

Andlise espectral

Reflectdncia relativa

BB EfECNEYEEREFE SRR ER B L ER PRS2 EREEEE

Codigo: IRC.281 Data:

Rocha analisada: Metadacito

Responsavel: Monica Mazzini Perrotta

Mineral analisado:

|dentificagdo mineral
Método | Mineral (1) | Mineral (2) | Mineral (3) | Mineral (4)
Automatico | Caolinita | Fengita | Goetita |
Analise por difragao de raio X - Semi-quantitativa
Método Mineral Valor
Frago argila llita B0-65
Fragso argila Caolinita 35-40

Dados do afloramento da amostra

N° de campo: HL-128 (Metadacito)

Projeto: |bitiara-Rio de Contas

Tipo: Corte de estrada Gedlogo: Herman Santos Chatala Loureiro

Localizacéo do afloramento da amostra

Secretaria de
Geologia, Mineragdo e
Transformacgao Mineral

) crrm

Servico Geologico do Brasil

Base cartografica: SD.23-X-B-VI - Ibitiara

Latitude: -12.82195820 Longitude: -42 13585230 Datum: SADE9
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)

Organization and making available on GEOBANK (Geological Information Database )

Dados da rocha
Unidade estratigrafica: PP4rr_alfa_n1 - Litofacies Novo Harizonte, metadacito pérfiro
Classe: Metamorfica Subclasse: Metamorfismo regional

Rocha: Metadacito

Grau de intemperismo: Intemperizada Cor da rocha intemperizada: Cor da rocha sa: Cinza claro

indice da cor: Geometria: Granulagao:

Texturas

Tipo
Porfiritica

Metamorfismo

Tipo Facies

Hidrotermal
Regional (Dinamotermal)

Andlise petrografica
Litologia de campo: Metadacito

Identificagdo da ldmina: 1405-HL-R-0128 Localizagdo: SUREG-SA Responsavel: Raymundo José B. Froes

Rochas encontradas na lamina: Dacito

Descrigdo da lamina: Rocha vulcanica porfiritica, com fenocristais tabulares de plagioclasio, estirados e deformados, orientados, e outros, de quartzo azulado,
arredondados a estirados. dispersos em matriz afanitica, cinza clara, foliada.

Composigao mineralégica

Plagioclasio(32% Estimado)
Quartzo(30% Estimado)
Muscovita(25% Estimado)
Feldspato(16% Estimado)

Opaco (Microscopia)(5% Estimado)
Biotita(2% Estimado)
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SERVIGO GEOLOGICO DO BRASIL - CPRM

(GEOLOGICAL SURVEY OF BRAZIL)

Spectroscopy - Example of Application: Espinhago Oriental Basin Metavolcanic Rocks, Bahia State
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12°45'S

Mineralogical characterization of
hydrothermal alteration
and
Imaging Spectroscopy applied to
atmospheric corrected ASTER data

13°0'S+

13°15'S

Paleoproterozoic

77 ¢ |HEN 4 [T37] B2N T

Novo Horizonte Formation: 7- rhyolitic subvolcanic rocks, 6-acid
metavolcanic and pyroclastic rocks, 5-metaepliclastic rocks, 4-
metapyroclastic rocks, 3-metaquartz porphyry, 2-metarhyolite

13°30'S+
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Spectroscopy - Example of Mineral Identification

B3 SIMIS FeatureSearch = | E

TSA S Plot L

CandidateTSA‘;Esults 000214:IRC.214 FSFR.16334 Int=7.0 sec E@I%ﬂﬂl@ lﬁlé’é éc:g ? . S”V”S_ Featu re SearCh

*Hematite [3447]

_ Th e S pe Ct ra | G e 0 | O i St Loaded Feature Library = F:\irde_espectroscopiat]_libranusgs_wave_interpol wib
Goethite [6732] g 100.00
80%0DZincalume + 20%Hem...

67%Galvanisedlron + 33%He.

88%0DZincalume + 12%Goet...

HL248 IRC.214. scotst

o
Q
c __
8 KVQN % mristure:
[=3
@ -
% ¥ ing
I eatures in Spectrum
Feature Position To de-select double
and Depth click with the mouze
1413 2928 1.413 1.413
K 2209 2851 2.209 2209
/\ 1397 275 1.397 1.397
720 800 0 ! 2162 21.26 12 1322 12 1322
Wavelength innm 098 7.5 0ge  [odre
*Hematite [3447] 'Wavelength: 1100 nm (9090.91 cm™) Y:0.742 15914 7228 1914 1914
2322 5394 2322 2322
Mode View Aux TSA Pad I 8 < <= =x 2356 583 2.356 2.356
2382 5779 2.382 2382
Candidate TSA results 000214:IRC.214 FSFR.16334 Int=7.0 sec 000 I ! ! D546 2458 0545|0546
*Kaolinite-WX [84] 0.400 0.820 1.240 1.660 2.080 2500 12;153 51322 12;?5 12;153
‘wavelength Micrometies] 1238 07328 1.238 1.238
Dickite [704] p . \
91%Kaolinite-WX + 9%Phengi... Attached Minerals Yaluss for Search [can be user defined]
88%Kal e-WX + 12%Pheng...
97%Kaolinite-WX + 2%Tourm... ||| o Offset Depth  Fealwe  Minerals User Comments |1-38 ‘U |D
o o
c 3 11.75 088 hematitl.spc J
£ 3 W7 1397 kadinil.spe piaalioston
% Search Library
14

18 1800 2000 Unmix - Save ToFile |
Wavelength in nm 4
*Kaolinite-WX [84] Wavelength: 2460 nm (4065.04 cm™) ¥: 0.285 h 86 kaalinil.spc | o
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Spectroscopy - Example of Mineral Identification

Metarriolito Pérfiro HL-248

T T T T T T T T T

. -[Hematite

Mistura

USGSPRISM

“|HL248_1RC.215

Feature comparison of reference and observed spectra

E Reference = Rec 15671 of IRDC_SPECPR_PRISM_2013_04 SFECPRE Title = Kaoclinite SM3 WiR4Noo_ CONY
= Qbserved = Record 63685 of IRDC_SPECPRPRISM 201204  SPECPR title = IRC.214_HL248 . AOASREF
T‘: datted ling = referance; aolid thin line = scaled referance ; golid thick line = chesrved
¢ e I e e e B R S e e o B e e L B o e
e 1.0 Features scaled with least—squares fit 7
g = 3
3 : :
g 7 | 7 E E
2 L | 089 =
> E .
w E 3
o - .
= — -
=} — -
o E ]
o 0.8 —
ey E 3
1] E 3
= E 3
o E I
o c 3
: 2 07F =
U E =
=4 . L L | L . L 1 L . . 1 \ . —— E E
[ 1.0 15 20 25 E 3
Wavelength 0.6 —
E r = 0.9898 E
= Fit (r) = 0.9797 -
P I SN | I B S T P S ST ST S R S h

ENVl!S Spectral Analyst 212 214 26 WDVE'E%(;E‘I (,UFH) 2.20 222 224

Depth Ref. quad fit ofter sealing = 04252

Caleulated Center of Referance = 2.2077 pum Dapth Ref. {from quad. fit) = Q.2724
Colculated Center of Chssrved = 2.20BE wm Cepth Obs. {from quad. fit) = 04424
Center Channel of Reference = 1859 (2.2080 wm)} Depth Ref, (fram center channel) = Q.2722
Center Channel of Observed = 1BE0 (22090 wm) Cepth Chs. (fram center channel) = 0.4422
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SERVIGO GEOLOGICO DO BRASIL - CPRM

Reflectincia relativa (continuo removido, curvas deslocadas)

(GEOLOGICAL SURVEY OF BRAZIL)

Imaging Spectroscopy - Spectral mapping using SAM (Spectral Angle Mapper) method

Spectral resample to ASTER (VNIR-SWIR)
spectral resolution

Montmorilonita

AN

Sericita + Hematital

)

1 [ Metarriolito
i |

Reflectance (Offset for clarity)

|

Metaquartzo-Pérfiro
Lo I 1

0.5 1.0 1.5 0.5 1.0 1.5

Maontmarilonita E
MW :
T
Sericita Mﬂ_“\/__\/\f‘ K
Sericita k]
W t 1 3
S
r ta q u
5
he]
2
]
Metadacito Metandesito
Cu 1 1 1 | [l L L 1 |
0.5 1.0 1.5 2.0 25 05 1.0 1.5 2.0 2.5

Comprimento de Onda (pm)
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Assinaturas Espectrais de Referéncia

Muscovite

HL102_TRC.356_Ser+Goe

RVOO1i_IRC.661_Il+Hem

Kaolinite

1P021_IRC.260_Mont+Hem

1.5 2.0
Wavelength

JPOSY_IRC.276
HL246_IRC.186
HL249_IRC.224

1.0 1.5
Wavelength
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)
Airborne Hyperspectral Imaging — ProSpecTIR-VS Sensor (357 bands distributed between 350 and 2450 nm)

“ V= Area covered in Brazil: 2500 km? Mosalc of 21 flight lipeee
£ s about 640 rpq\ o 0y

Spatial resolution: 2 m

Example of application in
Bahia state

13708
OAlrbome
y

Hyperspectral

Imaging

Study
area

* Rutile quartz
® Tin

* Gold

- Barite

GOVERNO FEDERAL

Secretaria de 5
C PRI Geologia, Mineracdo e Ministério de )
Servigo Geoldgico do Brasil  Transformacdo Mineral Minas e Energia .

PATRIA EDUCADORA



SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)
Validation of Hyperspectral data in the field and laboratory

Made by comparing the spectral
signatures of pixels of hyperspectral
imagery with spectral curves obtained in
the field and laboratory for reasonably
homogeneous materials (mainly soil)

¥ arranged evenly in sufficiently large areas
| Eommcas s _ S e ’“ containing more than 100 pixels of the
. BT o image.
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Validation of Hyperspectral data in the field and laboratory: Comparing spectra

Espectros de cam

7,0’.’.".“1'

: Laboratory
' Spectra
3 3 W S o)

Z Sty it kP

, R —a

Imagery
Spectra

L Field
" ek Spectra
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Spectral Mapplng Finding the Endmembers (Reference Spectra) in imagery

.} Spatial Coherence Threshold l"' ‘] O MNF Eigervalues =B s -.]
File

The spectral
mapping is done

Edit Options Plot_Function Help

. About 70% of the
through the A information is used in
ENVI's Spectra| 3 classification
Hourglass ,,? |
5. Wizard for each N |
) or e 3N |
" flight line 3 | " "
: Separately' “ : Threshold Level 0.20 "“: e B
o ?} : MNumber of bands above threshold: 21 :
;g‘;(ff\\-‘ : OK || Cancel |
:ﬁ The Pixel Purity Index (PPI) is used to find the most
me spectrally pure, or extreme, pixels in hyperspectral
I data, callled Endmembers.
“ata Endmembers are pure spectrally unique materials
) ':‘ { Ahg q 2 q o0
Applied to oA ™ that occur in a scene. Using a linear unmixing
74 SWIR band Lo : model, you can reconstruct every spectrum in the
ands P » image as some combination of image endmember
(1991 a 2448 nm) §“ Spectra.
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SERVIGO GEOLOGICO DO BRASIL - CPRM

Performing Classification: The SAM (Spectral Angle Mapper) result

Spectral Analysis of Endmembers - Identification of
minerals, vegetation, etc.

L Spectral Analyst =8 S [ spectral Analyst = B8 %
File Options File Options
Upknown: n-D Class Hean #9 - e
Library Spectrum Scors SFF Illite Phengitic-Par [0.836]: {0.836} _
E Illite I_Phase 1_W4f [0.836]: {0.836} E
£ Illite Phengitic-Far [0.836]: {0.836}
Halloysite—dehydrats [0 6807: {0 680} Tllite-Smectite V40 [0.827]  {0.827%
Halloysite V.1 [0 RS5]: {0 655} Smectite-Tllite V4f0 [0.802]: £{0.802%
Dickite ¥.1 [0.599]: {0.599} Illite-Smectits V4£0 [0.8017: {0.801}
Hacrite V.1 [0.553]: {0.553} Smectite-Illite V4£0 [0.780]: {0.780}
Illite V.1 [0.516]: {0.516} Muscovite V4£01=01  [0.778]. {0.778}
glisp?ri_vvll Eg igg%: %g-igg{ Smectite V4£01s11 [0.770]: {0.770%
atrolite V. o {0 Silica(fluidInclusio [0.758 0.758
T1lite-paragonite V. [0.377]: {0.3771 fecalthadinclosio L 4 !
Hhdillite V.1 [0.340]: {0.340} Smectite—Illite V4£0 [0.758]: {0.758}
Alunite V.1 [0 274]: {0 274} % Illite Phengitic—Par [0.758]: {0.7G58} -
[ Aoply || Cancel || Help | | Appty || Cancel || Help |
= < : 4
(3} Identify: Known vs. Unknown = | 3 Identify: Known vs, Unknown = B =

File Edit Options Plot Function Help File Edit Options Plot_Function Help

1.0 1.5 2.0
wavelength [pem]
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Result of the
SAM
classification
using selected
hdmembers as
s reference
spectra, and




Spectral AnaIyS|s of Endmembers Recognlzmg the spectral aff|n|t|es

= Between 25 and 37 endmembers were generated for each flight line.

= The more than 600 signatures generated were divided into 36 groups with
spectral affinities.

= The SAM classification map of each line were reclassified as these groups.
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)
Result: Mineral Distribution Map

Areas in blue and purple
mapped the rutilated
quartz known deposits

X i

Poor crystalline Kaolinite
Moderate crystalline Kaolinite
. High crystalline Kaolinite
Kaolinite + Goethite
.White Mica + Kaolinite
White Mica + Kaolinite +/- Chlorite
¥ White Mica + Kaolinite + Chlorite
: oy A~ A ' White Mica +/- Kaolinite +/- Chlorit
Fusion with 5 s S Sl % et e /- Kaolinite +/- Chlorite
TR e 3 ‘ ; o,
band 230 S RSP ‘: : { Hematite +/- Kaolinite
(1661 nm) B! ¥ : Vegetation _ .
LS e o Dry Vegetation + Soil
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SERVIGO GEOLOGICO DO BRASIL - CPRM (GEOLOGICAL SURVEY OF BRAZIL)
Monitoring of mass movements with SAR interferometry - Nova Friburgo (Rio de Janeiro State)

Interferometric analysis of SAR scenes dated between 1995 and
2011: sensors ERS1, ERS2 and ENVISAT ASAR (53 images
Standard mode IMS (25m) and 11 images Widescan Mode (~75m))

Interferometric analysis of SAR Cosmo Skymed imagery (3m)
dated from December 2012 to October 2013 (20 scenes of
ascending orbit and 20 scenes of descending orbit considering
acquisition after 30-50 mm rainfall)
s : g e Shifts of between 5¢cm and 25¢cm were

observed from the interferometric 112 points were verified in the field, focusing on populated areas.

analysis of Envisat images in the summer |y 4| checking points subsidence signals were found.
of 2007. The polygons in red represent

| the boundaries of risk areas mapped in . Products generated from the SAR images of COSMO SkyMed series

field work between 2011 and 2013. sensors and its derivatives represent a new source of information that

: ' : allows the absolute quantification of altitude differences in the sub-
centimeter range, speed and direction of registered movements, but also
in generation of Digital Elevation Models with vertical accuracy of
approximately 5m.

. In the case of detection of accumulations by depositing the

CosmoSkymed presented accuracy up to 0.5 cm and ENVISAT of 3 to 4
centimeters.

Moving mass in the order of up to
22 mm in 10 months in the vicinity
of densely populated areas.
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Companhia de Pesquisa de Recursos Minerais

Sede: SGAN-Quadra 603 - Conjunto J - Parte A- 1° andar
Brasilia - Distrito Federal - CEP.: 70830-030
Tel.: 61 3223-1166 - Fax: 61 3223-6600

Laboratdrio de Sensoriamento Remoto Geoldgico e
Espectroscopia Optica

Rua Costa, 55 - Consolagéo

Sé&o Paulo - SP - Cep: 01304-010

Tel.: (55 11) 3775 5109

E-mail: monica.perrotta@cprm.gov.br
www.cprm.gov.br
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