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CHAPTER IX

CONCLUSION

Owing to the low linear resclution capability (70-100 meters),
the non-stereoscopic vision, and the small scale {1:1,000,000) the MSS i
imagery may only give a general geoiogic feature. Idaﬁtification of
stratigraphic units, which is the basis of a geological map seems difficult;
grouping several similar looking stratigraphic units "remote sensing" as
single units is possible. These "remote sensing” units have some practical
utility in outlining tectonic provinces and showing the large structural

relationships present in a region.
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PREFACE

This final report deseribes the significant contribution
obiained bv the Lrazilian Institute for Space Research (Instituto de Pes
quisas Cspaciais - iﬁPE) in the areas of Sea Resources, Mineral Resources,
So0il Resources and Geoaraphy, performed with the MSS/ERTS-1 Satellite

images.

It is divided into five Chapters as %o?]ows:

Chapter 1 - Introduction - It is & brief description of the Brazilian

Remote Sensing main activities.

Chapter II - Sea Resources - It describes the usage of the [SS/ERTS-1 images

for bathymetric studies; coastal sedimentation
(distribution, transport and deposits):carthographic
correction and control of the coastal lines to
nautical charts atualization:; infeormation of the
coastal circulation processes based on sedimeﬁts
distribution; identification of polluter centers.

Chapter III - Mineral Resources - It indicates the vaiue of ERTS imageries

for the several geological purposes as mineral
prospection, hydrogeology and geological
engineering.

Chapter IV ~ Soil Resources ~ It shows how the MSS/ERTS-1 images could be

used for soil resources purposes specially vegetal
‘coverage aspects and soil propertics under the

pedologic point of view.
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chanter Y = Geocreshy - It presents how tha VI5S/ERTS-1 images could be

useful for seversl gesoraphic purposes specialiy
geomerphelogical and hydragraphic mappings and

studies of cemonréphic inference.

This veport has 2 velumes (I and II). Chepters

1, Il and 1I7 beleng to the First and IV.Y o the Second Volume,
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GENERAL CONSIDERATIGNS

I.7 - THE BRAZILIAN SPACE ACTIVITIES

The first definitions of a Brazilian space program Started
in 1961, By that time the Brazilian Government nemed a special commission
to study and suggest the space research program of the country, proposing
steps t¢ its implementation. This is the begining of the Organization Group
for the National Commission for Space Activities, known as CNAE. The new
entity, closely related to the Natiecnal Research Council, (ilPg, had as its
nrincipal chjoctive to study the space activities, not only through the

scientific viewpoint but to furnish important contributions to the national-

technology.

The presidential decree numbered 68,532 - April 22, 1971 -
transformed the group into a permanent institution: INSTITUTO DE PESQUISAS
ESPACIAIS - INPE (Institute for Space Reseaich). According to that document
INPE ic the principal civilian agency for space fucluding fundamental and

applied rasearches.

Today INPF has about 1000 persons working full time at the
installations of Sio Jose dos Campos. It has also installations at Cachoeira
Paulista, Natal, Fortzlera as well the ERTS trecking and recording station

at Cuiabd in western Drazil.




Frem these 1000 people W“FL ng at INPE more than & third
is college graduates, MS and PhD holders. One of the main efforts at the
Institute is in the field of remote scnsing surveys and studies (SERE
Praject) in arcas of hydrology, geology, mineralegy, agriculture,forestry,

oceanagraphy, geegraphy, geodesy, urbanism;'pubTic health, etc.

1.1.1 - The SERE Project

Practically speaking Brazil must rely on rempte sensing
techniques to obtain the necessary information in a useful time frame.
Conventional methods have proven too lengthy.costly and insufficient. Tne
lesse tdeveiop:d 2 country is the more it needs to use efficient technoiogies,

rrd Poaedt e PRPEPR N
and oidciay 15 hie CAGCLGon.

About six years ago we started to form an interdisciplinary

~

voun 2t INPE and wor!

. . a X .
Un on the applicction of remote sensors in the differe

v

disciplines related to natural resources survey: The SERE Project is based
upon an organizational structure similar to the general structure o7 IRPL.
The SERE Project is formed by nearly o tundred qualified specialists in
naturai and cultural earth resources working in close relationship with

internal groups (instrumentation, flighi cperations, data processing data

=)

hank, the ERTS system groups) and outside agencies (govermment end private

sectors}.

The main cbjective of ihe SERE Project is to develop surveys

and siudies of the Brazilian territory, aiming at the research and controi



of our natural resources using the most modern remote sensing techniques.
Besides the use of ERTS and SKYLAB imagery we use an aircraft modified to
CETTY réssﬁve s:nsor"edﬁipmen%s. Sinece 1971 this aircraft is used for
flight missions over chosen Brazilian test sites. “or the ocesnographic
recearch two vessels are used to support INPE: They are:the oceanggraphic
vessels NOc Prof. Besnard from the Oceanographic Institute of the Sao
Paulo University and the NOc Almirante Saldanha from the Brazilian MNavy.
ie aiso use the data obtained by the Ministry of Mines and Energy Trom

Project RADAM (SLAR).

Through a matrix organfzation chart, at the end of this
Chapter (Fig. I.1), we show the different disciplines which form our SERE

Proieci under the management of a Coordinator who reports directiy to the

General Direcior of INPE,

Since its creation, our agency has maintained a close

coogeraticn with NASA. This cooperation has proved to be highly beneficizal.

Among the many ccoperational programs between NASA and INPE,
the one releted io remote sensing activities, was initieted in 1968 througn
a Memorandum of Understanding, which was extended in 1871 to cover the
period up to Liccember 31,1972, An additional extension was performed in
1973 to enable a new agreement conccrning the inclusion of the ERTS

Satellites Experiment.

This mutual ccoperation involves mainly personel trainings,




transference of soft technologies and the use of sateliites. From this
support receivad from HASA we are nrepared to continue To pursue the o

objectives stated at the begining of the ccliazboration as well as te

m

enlarge 1t€.

1.1.2 ~ The ERTS System

The last Memorandum of Understanding permitted INPL to
astablish a tracking and acguisition data station at Cujab?, in western
Brazil for the ERTS program as well zs the data processing facilities

jocated at Cachoeira Paulista in the Stete of sac Paulo.

Indeed, ¢ of the reazons given for the importance of
installing such 2 system was %o enable Brazil to receive real time data

diractly and uninterrupted even after =he five hundred hours of operation

forecasted for the wide-band or board tape recorder was ovei.

The ground station at CuiabZ (State of lato Grosso) has
been sparationsl since April 1273 The Data Processing Faciiities at
Cachoeira Paulisia becuie operational on Septembgr 1974, Previcusly the
tracking and receiving stations recerdad imagas enly for one orbit of
ERTS, since 15 July 1¢73, however 2 o 3 orbits are being recorded daiiy
over Brazil. Enproximately 43 scenes/orbit are recorded or €6 scenes/day.
Since all four channzls cf (1SS are being raceived, this means that

approximaieiy L4 Imcgis Ire recoraed each day. (Fig. 1.2}.



tEfforts are being made to increase the number of users {the
policy of placing the ERTS-1 data on a basis of being available to all who
desire to pay the small repreodiciion costs is in accord with J.S5. policy)
and to develop metheds to automatically interpret aircraft and ERTS images.
Reseairch in this line has been conducted at INPE seriously since January
1973. INFE has recently ordered a GE-Image 100 system. The process of
developing software tu program computers Tor autcmetic interpretation of
the ERTS dnmages, is long and difficult. There is a 1ot of research to be
done in this area before one reaches an operational status. Visual inter-
pretation is important but it is Telt that ultimately the answer for the
future can only lie in automatic interpretation, and Brazil is trying to

nrepare four this advanced stage.

As @n additional response to the potential problem of data
INPE hes installed 2 Quick-Look Monitor at Cuiaba. Canadian and Brazilian
experience have shown thait the Quick-Look process provides good spectral
resolution. Its lack ¢f geometrical precision is more than compensated by
the fact that end users can receive data when it is at the most a few, days

old.

The particular probiems and need of Brazil are quite adaptable
to solution through the use of romote sensing. Vest, vremote and sparsely
populated areas are now mapable. coffee and sugar cane inventories can be
conducted on a more timely and Tess expensive basis; new mineral deposits
can be lacated, ete. Drazil is not only meeting its responsibilities to its

fellow developing countries in South America, but is becoming a leader in




this field and sharing its experience with pther ceveloping countries.

In conclusion, Brazil has one of the most rapidly developing
economios in the worid today. Remote sensing is seen as a technology which

must be fully utilized in helping our developnant.

After this brief introduction, which was macde with the
purpose of showing the progress attained due to the ERTS program, we will

go into ihe repert proper.
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CHAPTER 11

11.1 - THE USE OF ERTS-1 SATELLITE IMAGERY IN OCEANOGRAPHY

When analyzing multizpectral images, it is necaessary to
consider the propagation of light in space and its physical properties

in each environment.

Propagation of light in a liquid is different from that

in the atmosphere.

Different water types such as coastal waters, oceanic
waters, river and lagoon walers, behave differently from the point of
view of transparency in relation to suspended mineral particles or

organic particles as detritus or 1iving organisms.

Fach basin retaining or flowing a special kind of water
type indirectly furnish different conditions to its transport capability
putting in evidence its morphology and water volume resulting in its

proper capability.

The quality and gquantity per cubic unit of sediments and
its transport are fundamental factors, that cause different conditions

for the penetration of sun Tight in the water (Fig. iI.1).
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Fig. I1.1 - Shows the attenuation of light by sea water, as a function of

the materials in suspension. (Polcyn and Rolin, 1969).




The multispectral system of ERTS-1 (HSS) with four spectral
bands, can register in its images, different kinds of sediments in water,

flowing the spectral responses of these.

In figure 11.2 the behavior of the glectromagnetic radiation
is shown, when it is absorbed by sea water in the case of oceanic ciean
and coastal water..The radiation reaching the greater depths is the blue,
reaching several tens of meters. In coastal waters, the greater depths

are reached by Tonger wavelengths {gresn - orange).

- In this way, the best possibilities for the bathymetry nf

the bottom in shallow waters, will be obtained in channels 4 and 5.

As all oceanographic information can be obtained from gray
scale differences in the water image, cautions are to be taken in the
interpretation, due mainly to atmospheric effects, which might greatly
influence the image. The atmospheric effects can be observed in the
images generated from channels 5 and 4 becauée the Mie scattering is

significative in the green region of the spectrum.

Channel 7 provides images in the near infrared resulting
from tne reflection of the sun radiation by the surface of the Earth. The
infrared is almost totally absorbed in the upper 1.0 cm surface of sea
water, and that is why the surface of the sea appears very dark, representing

black zones in the images of }SS-7. This channel is very good for the
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1. COASTAL REGION OF RIO GRANDE LO SUL.

2. LAGOA DOS PATOS.
3. SOUTHEAST COAST OF BRAZIL.
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SEBASTIZED ISLAND}.
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- GUANABARA BAY AND ADJACENHT WATERS.

5. SOUTH OFFSHORE OF BAHIA STATE,
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MIDOLE NORTHERI! REGION OF BRARZIL
- BARRA DO RIC PARKATBA.
EARRA DO RIO AMAZONAS.
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7.

Fig. Il.a - Test site areas of the Sea Resources Group.
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delineaticn of the coastal iine registering details of 60-100 m, which is

a3 somewhat better resolution than axpected from the MSS of ERTS.

Channel & provides intermediate information petween surfaces
and the lavers which exhibit greater penetrztion of the Tight, because it

penetrates more than channel 7 and less than channels 4 and 5.

The contrast differences contained in each image and preduced
by their spectral behavior give to the sediments, the role of natural
tracers of their possible movements or tendencies of distribution in the

interior of the river and. ocean basins.

If we know the behavior of light in relation to the depth
of the waters under study, there are possibilities of obtaining from the
images, relative values of depth and sediment conceritration, by means of

densitometric measurements on each image of the different channels.

The “"density slicing" technigue and the ratis technique
have been widely used to correlate the gray levels of the four channels.

For the latter techrigua it is necessary to use ERTS Computer Compatible

Tapes (CCT).

Sampling points from ground truth measuremenis, can be used
as elements to qualify the different contrasts contained in the image,

because they are taken simultaneously with the satellite passage and
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can be extrapolated for the rest of the image, by means of automatic

processing.

A description will be made of the énaiysis of the ERTS-]

images done over relevant areas'by the Sea Resources, Group of the SERE

Froject.

In the first part we will include the description of the
selected test sites presented in the Proposal submitted to NASA in 1971
{Research and Development Proposal -for Investigation using Data from

Earth Resources Satellite, ApriT 1971 - Report INPE-LAFE-150 -and Addenda

to Report INPE-LAFE-150, August, 1971).

The selected test sites were:

Test Site Area 827: Rio da Prata Estuary and South Coast of Brazil,

containad in the Rio Grande do Sul Project.

Test Site Arca 826: Rio de Janeiro and Espirito Santo States Coast and

Offshore contained in the Southeast Coast of Brazil Project.

Test Site Area 828: Amazon river delta and offshore, contained in the

Barra do Ric Amazonas Project.

At the first test site area, two regions were analyzed:
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the coastal region of Rio Grande do sul and the Lagona dos Patos Region,
with additional information obtained by MIMBUS IV, APOLLO 8 and SKYLAB

satellites images interpretations.

At the second test site aresa, it was included two important
regions situated on the prazilian Southeast: part of the Sao Paulo State
region and the Guanabara Bay region and its adjacent waters, one of the

most pelluted places along the Brazilian coast.

Thirdly a mosaic was analyzed. This mosaic included the

Barra Norte - Amazon River, formed by 10 ERTS images on channel 4.

Acterwards, this report also describes the analysis of
ERTS images made over two areas not included on the 1971 Proposal and

considered here as additional areas.

These are:

Ponta da Baleia - situated at an approximate latitude of 159 at the
Sauth coast of the bahia State

Barra do Rio Parnaiba - in the Brazilian hortheastern region (Maranhﬁo,

PiauT and Ceara States).

The first of them is included in the Abrolhos Project,now
in development by the Sea Resources Group which will be briefly described

in Chapter IT of this repert.
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11.2 - RIC GRANDE DO SUL PROJECT

Test Area 827 - Rio da Prata Estuary and South coast of Brazil

11.2.1 - Description of the Test Area

This area is in the Southeast coast of South America. The
theoretical limits of the phenomena to be studied are in the region
between 30° to 5005 and 040° to 060°W. Within these general 1limits, some
smaller areas are considered "key" areas where the occurrence of some
phenomena are characteristic. The coastal zone adjacent to the Rio de La
Plata Estuary [Estuario do Rio da Prata) and the coastal province of Rio

Grande do Sul constitute two important zones for this project.

The coastal province of Rio Grande do Sul is considered in
two steps: lagoon and coastal areas. The development of the research will

provide connecting elements to the understanding of the hydro/oceanographic

system of the area.

2

The Tagoon system with 168000 km~ includes materigls of

different lithological origin, and is separated from the coastal province
which is composed of materils of the guaternary period. This space tegether

with the coastal province will be studied as a sub-area on its hydrological

aspects.
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The continenta’ shelf adjacent to Rio Grande do Sul has

© features associated with ocean currents and materials provided by the Rio
de 1a Plata Estuary and by the lagcon complex of Lagoa dos Patos. The
coastal and oceanic process over ‘the shelf are greatly influenced by the
cucrents and local winds which determine the coastal and oceanic c{rcu1ation

in the region.

11.2.2 - Justification of>the Area Selecticn

The coast of Rioc Grande do Sul has important characteristics
for the development of studies on Remote Sensing in the fields of Hydrology

and Oceanography.

Lagoa dos Patos offers good elements for a study of the
surface circulation and the transport of suspended materials. The connecting
canal between the Patos basin and the sea presents differential conditions
in the distribution of saline wafer in the interior of the bay. This fact
is important to the understanding of the interaction phenoména and alsc to’
the primary production, which comes a2t the end to be important for the

fishing economy of the region and also for the deposition rates.

The coastal and oceanic zon: have the necessary elements
for experiments on remote sensing aimed at evaluating marine resources
where coastal currents and sediment transport could be detected on MSS

of ERTS.
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Other elements related with the physics of the waters over
the shel¥, can be measured with the use of images of MIMBUS satellites and

of the INPE aircraft.

The shelf and oceanic areas are on the boundary between
the Brazil and Falkland Currents where favorable conditicns for commercial
fisheries exist. It is possible, for instance, to chart seasonally the sub-

tropical convergence associated with the boundary.

‘The Brazil Currents moves towards the South reaching the
‘Rio de la Plata Esfuary at about 35°S, where the Falkland Current moves to
the North in form of a cold wédge on the shelf to meet the warm current
coming from the north. This boundary produces different water structures

in the different seasons of the year.

Reports of oceanographic cruises done in the area describe
fishing zones on the borders of the boundary between the Brazil and

Falkland Currents where two waters masses occur.

Thesa2 occurrences should be studied together with the drift
of the sub-tropical Convergence, where a mixing zonz exists which pfoduces
gradients adeguate for a favorable environment for different species of

fishes or marine animals to stay there.

The fluctuations of the boundary zone of the Convergence
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between the Brazil and Falkland Curvents have fundamental importaﬁce and
interest for the area, because the Continental shelf of Rio Grande do Sul
is subjected to those changes. In the Rio ce la Plate Estuary currents and
coastal features can be detected in the images of FRTS and NIMBUS

sateliites series.

This spacial information can be correlated with the existing
oceanographic data and which will be increased by means of a therwal sensor
on board of the aircraft in simultanecus surveys with oceanographic vessels

in perpendicular lines to the coast.

The svnoptic interpretation of the distribution of properties
of the sea surface waters, obtained in charts, show a seasonal behavior and
the use of images from satellites will greatly improve these charts,either
in geographic coverage or repetitivity of observation, not possible to be

obtained with conventional oceancgraphic techniques

11.2.3 - Objectives of the Project

The objectives of this project, in terms of ERTS images, are:

1. Define a seasonal behavior of the surface circulation in
the interior of Lagoa dos Patos.

5 Correlate the present processes of erosion transport and

deposition in Lagoa dos Patos with the circulation. The



purpose of this is to help the drainage works being
done, to keep the conditions for navigation adequate.
3. Correlate conventional oceanographic data with Remote

Sensing data, to lecate fishing areas, and exploit them -

on a rational basis.

Preliminary interpretations of ERTS-1 imagery (1973} have
shown that the region is interesting and adequate for application of remote

sensing in the evaluation of hydrologic and oceanographic resources.

ERTS-1 and SKYLAB images allowed us to evaluate synoptically
the dynamical behavior of the coastal and oceanic waters in the surface.
In order to justify the models and patterns is necessary to correlate the

satellite images, with series of data obtained simultaneously.

The definition of the seasonal behavior cf the surface

circulation, permits one te obtain a better understanding of the patterns

of the transports and distributions of sediments and the tendencies of

their deposits.

The interaction betwezn sea and lagoon waters has
characteristics associated with the winds, hydrological regime and local
tides, which is important to know from an economical point of view,

because of the primary production of the basin.
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The coastal and oceznic regions are being studied with
% satellites, aircraft and oceanographic vessels, in order to get a

synoptical view of the seasonal fluctuations of the ses water properties.

The synoptic study of the cistribution of the Brazil and
ralkland Currents is of fundamenial importancze for this area considered

the most productive fishing area of the country.

The information obtained by conventional onceanographic
methods will be used as a basis for the interpretation of the images to

be analyzed in the different levels with Remote Sensors.

With tie results of research in other areas, zones of the
greatest primary production, either on the surface or on the vertical,
will be done.. Also the knowledge of plancton on the surface and on the

vertical will correspondinaiy be done.

A special methodology for the ceterminaticn cf primary

production of this area, shall be created with the help of remote sensing.

With colaboration of specialized institutions (IOUSP -
Oceanographic Institute of S30 Paulo University; IPgH - MHarine Research
Institute; SUDEPE ~ Superintendency for Fishing Developmznt; DHN - Brazilian
Navy Hydrographic Office, and others) surveys, should be done {seasonal

basis) in the most important fishing areas, with emphasis on commercial



fisheries. With data from conventionzl oceanography and remote sensing, a
methodology shall be estabiished. to locate areas adequate for fishing

(seasonal and/or rzal time).

The next chapter shows the interpretations of images of the
coastal region of Rio Grande do Sul and of the Lagoa deos Patos, presented

as part of the development of this project.

11.2.4 - Coastal Region of Rio Grande do Sul and Rio da Prata Basin

11.2.4.7 - Introduction

The analysis of ERTS-1 images (E-1103-12.418) of the coastal
region of Rio Grande do Sul pointé out partial detaiis of the hydrologic
compiex that involves this area (Fig. I1I.3). However, the intention of a
dynamic interpretation analysis would be completed if a number of images
of consecutive orbits were available covering all the space considered as
participant of the eco-system (9 orbi%s, 9 positions in each of fhe four

channels).

The study of the coverage mosaic of this area wou]d'contain
approximately 70 images in each channel at scale 1:1,000,000, covering
hydrological elements of the whole Prata River basin and its influence
in the characterization of coastal water masses, taking into consideration

their distribution by the Faikland Currents, and some local coastal
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Fig. I11.3 - Image E-1103-12.415, 3 NOV. 1972, channel 1MS5-4, Scale

1:1,000,000.



processes, following the manifestation of seasonal climatic regimen.

The oceanographic conditicns of tﬁe Rio Grande do Sul
coast can be very precisely observed, from the point of view of distribution
considering its importance and factors which influence greater or lesser
regional fish productivity. The contribution of waters from the Prata
basin, from the lowland lagoons or from coastal sedimentary plain as
either sub-surface water contribution or normal contribution by means of
chaﬁne]s, can be observed in their evolution in space, and periodically
qualified. Thematic cartography of conditions presented in each period

can contribute to the better understanding of hydro/oceanographical behavior

which involves the region.

it is neceésary'to point out that establishing a larger or
snaller geographical or ecological space, depends on the dimension of the
factors involved in the ecosystem being studied. This can be well defined
in the elements considered as participants of the nature of the coastal

waters in Rio Grande do Sul, and its spatial and temporal distribution.

11.2.4.2 - Interprefation

The images E-1103-12.415 (NASA-ERTS) correspond to the

region represented in figure I1.4, which is a partial detail and a

reproduction of the nautical chart DHN n0 90, of scale 1:990,526 in the

latitude of 31°25'S.
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Office) n? 90, scale 1:990,526 (1965), lat. 031025°'S,
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The cloud coverage on that date was approximately 30% over
the area covered by the image, which anpreciably reduced the interpretation

of the NE coast of the Lagoa dos Pates (Fig. I1.3).

The coverage of the image is approximately 1/3 of the land

and 2/3 of water on a total of 100 x 100 nautical miles.

- Oceanography/Hydrography

The pair of channel 4 and 5 images present together the
coast, from Lagoa do Sumidouro to Légoa dos Patos, with discolorations
of coastal waters according to the different contrast densities‘represented.
This represents the existence of a large quantity of sediments moved by |
coastal currents with compiex dynamics principally due to the wind
distribution. As this phenomenon does not occur in channels 6 and 7, it
is concluded that this is connected with sub-superficial movement of great
intensity principally near the Banco da Berta where the turbulence in
waters is greater in view of the presence of the sand bank (Fig. II1.5).
In executing an overlay of C4 and C5 it was verified that the general
form of the distribution of suspended sediment coincides in the periphery
with the alignment of the isobath at 50 m over the two channels 4 and S.
The maximum plume width of this suspended sediment layer is approximately

20 miles {indications B, C and D in the overlay C4 and C5).

The discontinuation of contrast in the images is due to the
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different concentrations of the material maintained-in suspension, as
well as its depth or vertical distribution which is found in the coast.
The decreasing intensity of the patches denoting the mixing
processes near the bathymetric iines of 50 m, probably indicates that the

process of transport from this limit to deeper zones is reduced.

The horizontal morphology of this distribution establishes

‘elements that possibly indicate that the dynamics of the sub-superficial

waters, and probably superficial, are moving along the coast to the N,
detouring to the NE, continuing the cyclonic rotation until reaching'the
SE directicon in the bathymetric zone of 50 m, when occurred a change in

wind direction from SW to L.

The indications of B,C and D in the overlay are elements
of the same nature which result in the same type of spectral response
for the image of the coastal sediments in suspension in the coastal waters.
Indication A represents discoloration of the interior of the Lagoa dos
Patos near the ITha do Barba Negra and Ponta de Itapua; the nature of this
interior water is different from tha; of the coastal one considering
the sediment transported, which appears also in channel 6 as well as
channels 4 and 5. The first (A) is a sediment fluvio-lacustrine with a
high content of clay, while the second (B,C,D) is exclusively coastal

with 1ittle or no content of clay, therefore, free of coloidal suspension.

The channel & image registers better in the indication A, which is the



sediment originating from the Rio GuaTba basin: channel 7 gives practicaily
no definition in this respect, as the existing sediment in this location
reflects littie energy in this band of the spectrum (Fig. II.6). In

channel 4 there is no visible contrast in lagoon waters since the energy
reflected by the sediment is the same as that reflected by the lake waters,

through scattering.

It can be observed that zone B in channel 6 marked in the
overlay C4 and C5 remains in C6; comparing this with fhe_nautical chart
the fact becomes clear, since the bathymetry indicates a sand bank (Banco
da Berta) at the depth of 10 m where there is an intense sub-superficial

turbulence {C6-B).

A1l this leads one to believe that the transport of sediment
is more extensive because the sand bank constitutes matural barrier which
deviates a part of the water to the N, when the regional winds blows from

the south.

- Loastal Geomorphelogy

The quaternary coast to the extreme south of Brazil from
Cabo de Santa Marta Grande 1s comprised of vast formations of sand with a
lowt topography and rectilineal type, constituting an accunulated coastal

ptain.
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In the analysis of the section from Banco da Berta to the
Lagoa do Sumidouro, it is observed that the channel 4, 5 and 6 images
clearly separate the clder sand formations from the more recent ones (C5).
The coastal line is constituted of holocenic sands accumulated by local
marine processes (currents, waves, tides, etc.) and later moved by eolian

processes which transport these sediments to the interior (channel 5).

The further to the interior plain is of pleistocenic origin
and is constituted of compact sand and ccvered by gramineous vegetation
and shrub species. This part actually receives sediments by eo]ién
transport from the coastal zone, following NE orientation and without

creating dunes.

The coastal sediments probably come from the south, from
the contribution of the Bacia do Rio da Prata, where sedimentary debris
is taken in the direction N by the currents. All of the coastal sediments

are intermittently moved, going a long distance in their course.

The statistical distribution of the winds in the area
(according to studies made by the DHN) indicates that the predominant
wind is from the NE (Fig. II.7) which is responsible {Bigarella - 1572}
for the distribution of the sediments, as can be observed in the images

by means of merphological interpretation.

Before finishing this interpretation section it is important

to discuss a 1ittle move 2bout the regional hydro/oceancaraphic problens.



1
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Fig. 11.7 - Partial detail of aerial navigation chart USAF-ONEQ-28,
scale 1:1,000,000 and predominant directien of displaced

coastal dunes in the South of Brazil.
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The NIMBUS and APOLLO 8 images (Fig. II.8) offer elements
indicative to hydrological distribution of various water masses in lagoons,
rivers and coastal zones. The material examined from NIMBUS I1I presented
a series of facts related to temperature differences in fluvial and
ocaanic waters. As an example of thermai contrast we can add, by means of
observation of repetitive images of the same satellite, the evolution of
behavior of the hydric balance of the flooded plain of the Parana and
Paraguai Rivers (10 July, 29 July, 11 October, 26 October and 14 November
1969). The simple observation of this fact permitted the seasonal

avaluation of fluvial water volume increase in the Prata River basin from

June to November (Fig. II.9).

It is concluded that as this water of continental origin
is drained through the Prata River basin, there is an increase in fluvial
contribution of fluvial oceanic water. Since this is not clearly
perceptible in the ERTS~1 images, we conclude that the difference in
coloration between the two types of water couid be also perfect]y.detected
in the visible region of the ERTS-1 spectrum (channgl 5}. Naturally, the
ERTS potentiality in channels 6 and 7 provide sufficient elements for
identification of continental hydrological cycles in evolution due to the

capacity to clearly detect continental water reserves on the surface.

The NIMEUS 1V images (29 April, 9 July, 25 September, 14
October, 4 November, 19 December 1970, 5 January and 9 January 1971)

provide elemznts for interpretation of fluctuations of thermal coatrast
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Fig. 11.8 - Areas covered by ERTS, NIMBUS IV and APOLLO satellites,

corresponding to the coastal region of Rio €rande do Sul.
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of water at the Prata Outfall and coastal zone. The channels 4 and &
eventually could contribute in the knowledgement of this phenomena since
the waters are of different coloration, as the waters are of polar and
equatorial origin in contact with well characterized material in suspension.
The seasonal fluctuation of these phenaﬁena is fundgmenta1 in reference to

the distvibution study over the continental shelf (Fig. II.10).

The photographs collected by the APOLLO 8 Mission are very
rich in general information, principally in showing ample coverage of
elements. What can Se noted 15 of great importance in the conclusions
derived from the more ampie coverage of the mosaic from the ERTS images,
as well as the various elements represented in the colorations of coastal .

waters and of the Lagoa dos Patos in. the visible region of the spectrum

(Fig. I1.11).

The different confrasts and differént colors of sediment
and material in suspension in coastal, lagoon and fluvial waters are
sufficient for us to state that the ERTS iméges totally detect the
referred to phenomenon with extraordinary selective definition. The
datection of these contrasts in color and tone by repetitive ERTS-HSS
images gives the investigator the opportunity to observe the dynamics of
the water and sediment in suspension, using the concentrations like

natural tracers,
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Fig.11.10 - Systematic Analysis includine images of NIM3US IV THIR (11.5u}
showing appreximate 1imitz of Brazilian current according
Tseng Yun Chi (1572). '
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17.2.4.3 - Epnc1usions

Ll ]

. The geography of the coasial sediments, submerged and

emerged, can be followed by successive images (every
18 days). The seasonal modifications of the structures
which were identified could show an evolution and
importance of the phenomena in the area of ecology.
The repetitivity and consecutive orbital coverage,
principally in channelsoé and 5, are jindispensable in
regard to hydro/oceanographical dynamic observation.
Channels MSS 4, 5 and 6 are more applicable in the
observation of images regarding lagoon and ceastal

areas for oceanographic elaboration.

. The potentialities of dynamic analysis were observed

from meteorological satellite images (because of
repetitivity) putting the ERTS images in a well defined
situation in this respect.

Channels & and 7 are important iﬁ the definition of
contirental hydrological balance, and together with’
channel 5 provide basic data for quantification and
evolution of a hydrolegical system of & hydrographic
basin.

Cloud coverage over 30% is prejudicial to this type

of interpretation.

. Repetitive and thematic cartegraphy of hydrolegical
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and occeanographical factors %s fundamental in dynamic
-interpretétion of interaction of ecosystem components.

h. The images analyzed clearly show that it is possible
to accompany coasﬁél, lagoon and fluvial geo-dynamic
ayolution.

i, Elements identified in the Lagoa dos Patos show the
potentiality of images in the study of pollution in
cfitical areas {Guaiba River).

j: The field work for prospéction of key elements is of
fundamental 1ﬁportance for the establishment of
interpretation and analysis ¢riteria aimed at greater

depth of study.

11.2.5 -~ Lagoa dos Patos

171.2.5.1 - Introduction

The received ERTS~1 images for the area under study, were
the first ones acquired by the Brazilian Recording and Reception Station,
located at Cuiaba (Mato Grosso State), Brazil. From these images it was

selected three consecutive images in four multispectral channels.

As could be noted, they are images of excellent quality,

thus permitting a detailed study about the coastal plain of Rio Grande

do Suil.
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From the analysis to be presented in the following step,
a first visual notion will appear of the interaction processes betvieen
lagoon and coastal waters, through the narrow bar of Rio Grande . The
fepetitivity of the ERTS-1 Satellite will permit the continuation of this
kind of analysis, creating this way a new concept of the behavior of the

lagoon water surface.

The inside and coastal waters distribution, the seaiments
transport distribution and the trends in the present deposits evolution

will be associated to this observatien.

Tha slape drainage covering 168.000 km2 contributes to
+he identificaticn of a cifferential behavior in rivers regime and of
the proper lagoon adjacent to the sea, whose debit is always suffering
tre wind and tide different conditions, and rain precipitation whose

reflection are identifiable in the muitispectral images of ERTS-1.

11.2.5.2 - Interpretation

initially, a non-controlied photo-mosaic of threa consecutive
MSS-7 images was composed (Fig. 11.12). This mounting permits at & time tThe
observation of a large portion of Rio frende do Sul cnast. Due to the
definition of the contours (1155-7) and detailed rosolutien it is of great

utility for hydregraghic woris because of the large coverage in each unit.



1ced Photomosaic, channel }MSS-7 - Lagoa dos Patos,

- Redt

Fig. I1.12
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The morphology of the edge and the details of the sedimentary

structures of fluviai-lacustrine origin are well defined in this band of

the spectrum.

The correlation of the guaternary structures shown on
MSS-7 with the information obtained from the MSS-5 and 1SS-6 may establish
criteria for the behavior of the ascents of erosion and deposition in

function of the present processes.

Generally, the coastal sandy plain which separates the
Jagoon from the ocean is considered as a.large emersed sandy barrier
subject to the action of marine processes on the one side and lacustrine
ones on the other. In addition to that the winds contribute to the
rehandling of the sedimentary material deposited giving rise subsequently

to dunes through eolic processes, pre and post p]iocenic.

In order to understand the true environmental syste

conditions it is necessary to conclude that the landscape dominating the

coast of the State of Rio Grande do Syl resulted from the interaction of

marine, lacustrine and eolic agents during the recent geqﬁﬁg?céT}périods.

The Patos lagoon is connected with the ocean through Rio

Grande Canal, and its present geographical conformation is defined by an

estuarine system which receives more than the half of all the debt of the

whele hydrographic net of the State.
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_ The bathymetry of this lagoon presents depths which vary
up to a maxinum of 8 meters. The shallower portions are between 0.50 to

1.00 m and the deeper ones from 7.00 to 8.00 m; though near Rio Grande

Canal depths up to 15.00m are encountered (Fig. 11.13).

The basin circunscribed by the Patos lagoon covers about
11000 km?. Its major axis is distributed over an extension of 250 km,

from NNE to SSE,. presenting a maximum width of 60 km (Fig. 1I.14}.

The oceanic tides which influences the lagoon regime are

of the diurnal kind and reach values of up to 0.47m in near Rio Grandz

bar.

In addition-to the regimes of tides, the seasonal variation

of the regime of the fluvial basins which unload its water and which are

subjected to different pluviometric regime should be considered. The

debt of the rivers provokes the developing of streams in the interior of

the lagoon modifying the circulation caused'by the action of the winds on

the surface of the water.

The regional winds contribute quite a lot for the dynamic

manifestation of the waters in the interior of the lagoon in function of

its banks as well as of its bathymetry.

The frequency and intensity of the winds acting on the




Fig. 11.13 - Isobath

- Lagoa dos Patos.




Fig. II.14 - Detail of 45 and 46 sheets {Porto
- Alegre and Lagoa Mirim) extrapol-
.ated from International chart of
e the World to thie millionth (IBGE-
1972 edition)-scale 1:1,000,000.
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waters influence not only the propagation of the streams but provoke also
an unequilibrium of the normal surface levels from those waters in the

interior of the basin; they are truly "tides" of wind.

The very origin of sandbank in the iagoons is connected
with the regimen of the regional winds. Iis morphology is related with
the fact that the winds blow towards preferential directions originating
strong axial streams. These cetermine the major axis of the lagoons.The
weaker streams flow near the banks in the reversed sense of the first

ones {Fig. II.15).

Such ovents are imnoriant for the ohb and flow of the waters
in Rio Grande Canal. As to the distribution of sediments and erosion of
the basin banks the process extends itself to the maintaining of the
suspension of sediments. These sediments are provided by the rivers and
the very lagoon up to the contact region more to the South. UWhen the
salinity increases it provokes the floculation and geposition of the

suspended material (Fig. I1.16).

A greater participation of the wind in the process courses
waves of considerable periods capable of eroding the lagoon banks and
deoositing the material at the extremities of spurs which tend to section
the lagoon ascording to the evolution proposed in figure II.15. This
evolution defines tendencies of the processes and its action is conditioned

to agents which originates perpendicular deposits to the predominant
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Fig. II1.15 - Scheme of coastal lagoons morphologic evolution, associated

to the sandbanks formation, according Zenkovitch (1967).
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Fig. 11.16 - Surface currents distribution in Lagoa dos Patos.

Lfter Delonoy, 1665,
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orientation of the wind over the lagoon.

The definition of the present morphology of the coast is
due to the fact that the waves performing a very important role between
fhe erosion and deposition are ruled by the local wirds. These winds

originate coastal streams which move generally towards HNE.

The above 1is confirmed by observing the images MSS-5 and

MSS-6.

The nautical chart of the Diretoria de Hidrografia e Nave-
gacio (Brazilian Naval Hydrographical Office - DHN) number 2140 (Fig.1I1.17)
gampriseé all the lagoon with bathymetric details in a scale of 1:271.600.
From this base it was done a hypsometric chart which divides into nine '

hypsometrical classes with the following zones:

meter
meters :

(=« TR B = RN & 1 N = T A

0
1
3
" 4 u
5
6
7

above 8 meters.

A spatial distribution chart from these intervals is shown in figure II.13.
Besides this it was organized a series of vertical profiles about the same

chart obtaining in this way a new document of great utility to the inter-
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Fig. I1.17 - Bathy-hipsometric map of Lagoa dos Patos, indicating the
vertical profile orientation (DHN NOQ 2140).
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pretation of circulation trends proposed in function of images observation.

The different gray tone levels of the contrast registered
by the ERTS images over the lagoon surface waters, permit us to schematically

interpret the surface circulation distribution in several lagoon points

(Fig. 11.18).

Alsoe it should be said that, besides the wind and tidgs,

the basin form is specially responsible for the spatial distribution of

that surface circulation.

Thus the ellaborated longitudinal profiles {AA, BB) (Fig.
11.17) permit us to say that the five sedimentary spurs, immersed on the
ocidental lagoon margin, and just one on into open cells, where the

dynamics of the waters are maintained according to the deep basin

morphollogical trend (Fig. 11.19).

‘ Four vertical profiles (CC, DD, EE, FF), figure 11.17,
show that some of these nucleous are linked by narrow subterranean
passage, as onserved in the GE profile. Another fact that should be
observed is that the spatial distribution of the deeper zones is more
frequent on the oriental margin where the waters flow from one cell to
the other. The spatial distribution of the shallower zones is more
frequent on the ocidental margin, where the resultant circulation

maintain a clock-wise vortex direction.
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Fig. 11.19 - Schematic outline of the internal circulation cells in

Lagoa dos Patos Basin.




The continental dedritus furnished by the river of the
ocidental margin possibly are also responsible for dedritus increase,

wnich are deposited there, giving to it a smooth aspect.

The entering of the Rio Grande bar canal attains depths
of 15 m. In the lagoon interior (Ponta Rasa), it is cbserved shallower
zones, where clay sediments deposition should appear due to the occurrence
of floculation process in the contact zone between salt and fresh water,
perfectly visible on image obtained in 26 June 1973. This phenomenon can
be extended further to the interior of the basin depending on penetration

of the marine waters as a function of tides height winds and the lagoon

fresh watsr content.

As could be observed in figures II.27 and 11.23 there is a
transport tendency of these sediments, in clock-wise rovolution, from the
oriental to ocidental margin, where the bathymetry is constituted of

shallow zones, and where the flux suffer reduction on its velocity.
11.2.5.3 - Conclusions

The conclusions schematically presented by figures II.Z21
e I1.23, initially have a certain incoherence related to currents
distribution in the interior of the lagoon. See the image for June 26/73.
It is necessary to consider thati there ara two distinct interpratations

and the one of channel € is related to the surface. Channel 5 furnishes
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Fig. 11.20 - Image E-1338-12.475 - channel INSS-5, 26 June 1973, received
by Brazilian Recording and Reception Station located in
Cujabd (ato Grosse), scale 1:1,000,000.



Fig. 11.21 - Surface waters distribution and circulation in Lagoa dos

Patos, proposed by interpretation of F-1338-12.475 image,

channel MSS-5, in 26 June 1973.
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. 11.23 - Surface waters distribution and circulation in Lagoa dos

Patos, proposed by interpretation of E-1338-12.475 jmage

channel M55-6, in 26 June 1973.







- 5] 4

other details according to water transparencies in each point. To precisely
determine the distribution Tevel, according to forms or tendencies presented
in the images, it would be necessary the simultaneous acquisition of
groundtruth, collecting transparency data, light penetration and solid

content.

Comparing Figures I1.21 and 11.23 with figure I1.13 it is
possible to observe that the mentioned currents distribution mapping
could not be generalized. It must be referred to ‘each moment with the
maximum available environmental information. This will permit, from the
interpretétion of a large number of data, the ellaboration of seasonal

maps of general tendencies, or anomalous specific conditions.

Yith the margin gray tones analysis it is perfectly
possible to say that the mixing zones couid happen at the surface, as well
as in depth. This permit the marine water subsidence, denser in the lagoon
gate, to emerge again later on, due to considered célls of ciclonal

circulation moviment. The tendency is to silt up the basin .
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11.3 - SOUTHEAST COAST OF BRAZIL PROJECT

Test Site Area 826 - Rio de Janeiro and Espirito Santo States

and Offshore

11.3.1 - Description of the Test Area

From Cabo Fric up to the Guanabara Bay, covering an gxtension
of about 63 miles, the coast goes in the Fast-West direction. The currents,
with a SE wind, flow towards the coast. However when the NE winds are
predominant, there is a westerly current along the coast. Immediately at the
South of Cabo Frio a counter-current is formed reaching the coast and which
is perceived up to 10 miles Vest of Cabo Frio. The great number of maritime
accidents occurred in this place, attributable to the counter-current,
seems to indicate that it becomes stronger in September and December,

principally in the latter monih.

The Guanabara Bay is cne of the most proteqted Bays in the
world. It expards to the North about 16 miles. In the bar it has about one
mile and the width goes increasing to the bottom where 15 miles is found
in the USW-ENE direciion. “his bay is covered all over by several islands
and small islands and wailed by high mountains which go down in smooth
declivity to the sea. Its margins are outlined by several beaches separated
one from the other by less prominent points covered by vegetation. Many
rivers drain in this Bay interior. In its tlest margin appears the Rio de

Janeiro city and to the East the Niteroi city.



- 6534

11.3.2 - Area Selection Justification

The Guanabara Bay is presently one of the most polluted places
of the Brazilien coost. This pollution is originated from many sources as:
industrial, organic, sewage and that resuiting from dock activities.Related
to its importance this Bay requires a detailed study utilizing orbital

images and radiometric measurements done in this place.

In fhe East coast the predominant wind is the Northeast,
virtually parallel to the coast, the dominion is almost total (from Northeasf
to Fast) in Cabo Frio region, Th{s way, the water éontiguous to the coast
are thrown to the ocean center in an equal thickness‘(in meters) of 4,3 times
the wind velocity (in knots). (For example, for a 15 knots wind, 65 meters).
The waters distant of the ocean center are substituted by profound waters
which emerge to the platform by the slope, phenomencn éal?ed upwelling. The
study of this phenomeion in Cabo Frio will permit to extrapolate it for

other areas of the Brazilian coast where it occurs.

11.3.3 - Objectives of the Project

1. Obtain meteorological data in order to correct the
radiometric measurenients.

2. Study ef the surface oceanographic conditions by means
of thermal contrasts. The surface temperature structure
will provide oceanographic information to the fisheries
biclogist, giving him time variation of the marine
environment and also the areas where fishes can be

detected.
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3. Localization of the Brazil Current limits. This knowledge
of the current with a seasonal basis of its strength, will
provide to the cormercial vessels, the most economical
ways for their activities.

4. Reconnaissance of areas of upwelling discernible by color
changes of offshore water.

5. Studies of coastal sedimentary environments including two

major deltas (Rio Paraiba and Rie Doce).

11.3.4 - Northeast Region of Sao Paulo State

11.3.4.1 ~ General Considerations

This part contains the analysis of four HMSS images of
the Northeast Region of S30 Paulo State, of 8 September 1972, 1227 hrs

GMT, and received from NASA/GSFC by INPE.

From a preliminary analysis of the four images, the

following details discussed bellow could be identified.

Comparing the image of channel 5 (Fig. 11.25) with the
nautical chart 1600 prepared by the Brazilian Navy Hydrographic Office
(DHH) (Fig.11.24) it was observed that the beaches and their sedimentary
deposits are visibie in the foreground together with some bathymetric

serency is adequate.

features, when the water trans
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Fig. 11.25 - Irage E-1047-12274, channel MSS5-5, obtained by
8 Sept., 1972. ’




The 10 m isobath to the NE of the S3ao Sebastiao Channel
{Fig. 11.25) is well characterized in front of the port, near Arpoar point.
Further to the North, this iscbath 1oases its distinctiveness with the

suspended sediments coming from the bay of Caraguatatuba.

The images of channels 4 and 5 in the bay of Caraguatatuba
have discolouration near the beach, which could induce to wrong interpret

ation with respect to bottom configuration. Channels § and 7 also have

these discolourations.

It is possible to conclude that the variations in the gray
shades of the images are associated with the distribution of suspended

sediments because channel 7 gives information contained in the 1.0 cm

surface layer only.

One should note here with this-example, one of the
advantages of MSS images, with one channel completing the information of

the others.

With the nautical chart 1600, the existence of various
rivers transporting water to the bay is demonstrated. Among these, the
" greatest is the Juguiariquere river, bringing sedments (sand, silt and
clay) which stay in suspension in the coastal water. The transport of
these relatively small rivers are not enough to change normal cpnditons.

But, in 1967 a regional outbalance of hydrological equilibrium-was
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produced with entraining and slippery of the surface formations of the
water sources of Serra do Mar, producing a great guantity of sediments
and detritus taken to the bay. This phencmenon was probably of clay which

appears in the images analyzed.

Similar focts are observed in smaller proportions in other
bays such as that of Parati, in Ilha Grande Bay. The presence of a "slick"
(see the arrow in Fig.IL.Z5) to the East of ITha Sao Sebastian, was also

observed,

The "slick" mentioned above was found where the average
depth is 40 m, which eliminztes the pecsibility of a bottom irvegularity or
sediments. The image was registered with different intensities in the four
channels and could be confused with a cloud or oil in the surface of the
sea. The possihility of oil in the surface should be abandoned, because
this has less specific gravity and therefore would stay in the surface

and correspondingly it could not be detected in channels 4 and 5.

The pnssibility that the “slick" could be a cloud should
not be taken into account, because of the geometric form and the experimental
proof with the VIEWER IZS, which is an image combiner giving the chromatic

recompositicn.

The false color image of the “slick” was also observed,

which showed a pronounced red shade, corresponding to the green in its
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natural color. Besides, recent research done by the Oceanographic Institute
of the University of Sao Paulo in agreement with INPE, demonstrated that
the area under discussion is cne of the most used by sardines for their

"spawning” in the southern coast of Brazil.

The reproduction of this species (sardine} occurs in the
period from September to April and when the temperature of water is 18°
to 24°C and the salinity is 35.1%.to 35.9%. . The reproduction is
accomplished betﬁeen the surface and the tﬁermocline and the dimensions of
a sardine school in the period before repfoduction is compatible with a

school of adult sardines (approximately 3.5 km).

But with all the evidences it can not be said that the
"slick® is a school of sardines (or other fish), although everything
appears to show that . lore repetitive images would be required to see
the displacements of the siick in combination with groundtruth and also

the spectral features of a fish school.

The possibility that the school was a "red tide" should
also be kept in mind, but ground truth measurements would be necessary

to prove this.

The discolouration appearing on the ocean to the NE of
I1ha de Sao Sebastiao are related to phenomena of atmospheric origin
(fog in dissipation). Such an occurrence could entangle or make false,

possible correlations with the productivity of the waters and their
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color, especially in a preliminary visual interpretation.

The continuation of the studies will provide better

“interpretations, especially when ground truth measurements are

correspondingly done.
11.3.4.2 - Conclusions

With the analysis of the jmages in the NE of the Sao Paulo
State (Brazil) it is possible to conclude that bathymetric charts can be
improved with help of ERTS images in clear shallow waters, which wili

H —agn L ey - o A - -,
helo very much in hydrographic measurcments in coastzl areas.

The sadiments distribution obtained with ERTS is also
visualized. It shows the evolution of the coastal line, with zones of
sedimentation, erosion, coastal currents transport of sediments and
also some ideas of sub-surface circulation can be obtained which could

be used to detect and evaiuate poliutien.

Channel 7 shows that Cartography could be done, which
would greatly help the coastal hydrography. Besides the Cartography could
be associated also with Geodesy in such a way as to obtain detailed
cartographic products, in points of difficult access to hydrographic
measurements, as the coastal areas. Charts on a scalte of 1:250,000 shouid

be produced, which would show the advantages of this method over the
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conventional one in the handling of the data. Even a simple visual
comparison of the images and the hydrographic charts, show the potentiality
of the method of ERTS image interpretation. The repetitive coverage of

ERTS updates the charts information and help us to coniro] regions where
constant and costly hydrographic surveys are to be performed. Besides a

short range evaluation of the morphological evolution. of the litoral zones

¢can be obtained.

The coast of Rio de Janeiro State to Santa Catarina is the
main fishing zone for sardine in Brazil, producing 61,000 tons yearly,
which is almost the total production of sardines of the country. The ERTS
images showed that it might be possible to determine school localization,
with repetitive coverage, which could give information of the school

migrations, following the biological conditioning factars and the variables

of the environment.

11.3.5 - Use of ERTS-1 Images in Coastal Studies in Guanabara Bay

- and Adjacent laters

11.3.5.1 - Introduction

Guanabara Bay, with an approximate area of 400 kmz,

containing about 2.109 m3 of water, is presently one of the most polluted
places of the Brazilian coast (Fig. 11.26). The main sources of pollution

are: industrial, organic, sewage and that resulting from dock activities.
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The industrial pollution is being discharged into the bay mainly in the
West and Horthwest of it, from industries located in urban areas. 01l
and oil producis from the refinaries of Manguinhos and'Dudue de Caxias

are outstanding examples of industrial poliution.

The organic pollution is derived mainly from suspended
matter from the river effluents such as Guapi and Guaxindiba in the
Mortheast, Sarapui and Estrela in the Northwest and the Miriti river in
the West of the bay. Concering the pollution due to sewage this comes
from the Pagueta and Governador Islands -as well as along the port side,

Pao de Agucar, Jurujuba inlet and Vidigal outlet which is outside the bay.

Studies aboui solutions to the sewage dispcsal problem in
Guanabara Bay. The figure 11.27 shows the Guanabara Bay and the sources

of pollution described above.

Classification of coastal waters from ERTS are based on
the varfation or returned spectral radiances. The major parameter '
affecting this variations of the returned energy process is related
to the concentrations of suspendad particles. Techniques for coastal
waters classification have been carried out by Clark et al. (1964).
Greater detail in suspended matter is revealed by MSS band 4 and 5,

although scme images of band 4 are affected by light scattering.
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11.3.5.2 - Techniques used in the Analysis

Imagery from six ERTS-1 passes over Guanabara Bay have
been studied to determine the feasibility of water mass classification
for pollution evaluation. The passes took place on February 16, July 27,
August 14, September 19, 1973, January 5 and 6, 1974, with cloud cover
ranging from zero to twenfy percent. Visual interpretation and density
slicing analysis of the images was performed..Meteoro?ogica] parameters
were taken fron records of the Drazilian iavy meteorological station at

Fiscal Island inside the bay and Pasa Island outside of it, as well as

records of four tide gauges inside the bay.

In order to know something of the spectral characteristics
of the returned irradiances of the surface waters in the bay, some meas-
urements of spectral distributions of irradiance were performed with an
1SCO Spectroradiometer Model SR, which vorks betwéen 380 nm and 750 nm for
both the incoming or incident spectral radiation Eg and the returned
spectral radiation Fr from the sea surface. These measurements were
performed with the help of an Hydrographic vessel of the Brazilian Navy
ﬁydrographic Office. The ISCO was calibrated against a calibrated lamp.

The location of the sampling stations can be seen in Fig. 11.26.

The image were enlarged for comparison with the nautical
chart of the reqion with a scale of approximately of 1:300,000 and the

boundaries were drawn over the transparencies. The pass over Guanabara
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Bay on February 16, 1973, was used for color enhencement in a Datacolor
System Model 704, which analyzes the gray scaie of photographic transparencies
and displys the density values by means of color television in 8 color

levels.

11.3.5.3 - Results and Discussion

The river discharges can be seen very well and their
boundaries into the bay were determined in the images of MSS 4 and 5. The
best plumes can be mapped in band 5. The organic poilution can be mapped

also in the same way. (Fig. II.Z27a).

Another interesting feature which can be seen better in
band 4 is the plune cuc to the sevage disposal of Vidigal outlet as wall
as the water with the sar= cheractoristics, inside the bay. A good

contrast was found in both areas.

Figure 11.28 shows a curve of spectral reflectance of the
sea vater at station B (see also Fig. I1.26), obtained from field measu-
rements using the spectroradiometer. The soiar radiation waé at the moment
perpendicular to the surface of the sea (at the highest point of the shy -
between 11:00 and 14:00 hrs.). A maximum of the reflectance was obtained
at about 500 nm, corresponding to the green yellow band of the electro-
magnetic spactrum and which also corresponds to FSS-4 of ERTS-1. The
same curve of Fig. I11.28 aisolshows a mininun at about 420 nm, which corre

sponds to the blue band. The mininum is due to tha presence of industrial
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and sewage pollution which had a predominant green-yellow color producing
a reflectance of 85% at 560 nm. The minimum was due aiso to the mixture of
the poliuted waters which produce a reflectance of only 50% at the wave-
length of 430 nm. There was also a secondary maximum towards the violet
with a reflectance of 60% indicating the different proportions of the

pollutants.

Current measurerants outside the bay show that the currents
foilow the wind and that no tidal effect is discernible to the South of
the entrance to the bay. See Moreira da Siiva (1964). Inside the bay, the

regime of currents is determined mainly by the tides.

Some anzlysis are presently being carried out, taking into
account the tidal cicle, bottom topcoqraphy and wind inside and outside
the bay in an attempt to derive a surface circulation. A preliminary
analysis of the displacements of the plumes of sediments inside the bay,
shown by the six images corresponding to the six passes of ERTS over
Guanabara, gave an idea of a probable surface circulation pattern shown

in Figure 11.29. See Anderson et al, (1973) and Klemas et al. (1973).

The image of M3S 5 on February 16, 1973 (not reproduced)
using the density slicing techniques, showed that outside of the Guansbara
Pay the contrasts of the sewage sTicks were seen more clearly then tnose
in the interior of the bay, which was very useful for the interpretation

of the image.
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11.3.5.4 - Conclusions - -

The usefulness of ERTS~1 images in information on coastal
circulation processes is clearly evident. The distribution of sediments
and pollution piusas are visible on MSS bands 4 and 5. The images have
shown the possibility to monitor pellution processes inside and outside -
the bay. Two consecutive passes (January 5 and 6, 1974) gave the possibility
of studying ocean processes in time pericds of about 24 hours. Presently
studies leading to the calculation of the coefficient of eddy diffusivity

are under development for Guanabara Bay.

i7.4 - BARRA DO RIO AUAZONAS PROJECT

Test Site Area 828 - Amazon River delta and offshore

11.4.1 - Introcuction

Interest in distribution of Atlantic-equatorial water
masses has led various countries to subsidize scientific expeditions —
with the specific objective of enriching oceanegraphic knowiledge for
economical purposes. For this reason various national and foreign
oceanporaphic ships have prospected along the Brazilian north coast
since 1975, In 1963, oceancqgraphic activities vere intensitied throuah
ICITA whore various countries workad in collaboration to conplete -

Project EQUALANT.



T

Some data and interpretation results from work already
published elaborate a series of problems. They suggest the existence of
coastal currents which are in contrast with currents of the Guianas.These
currents have different pﬁysical and biological characteristics condition.
The Amazonas and Para Rivers provide large quantities of material in
suspension which contribute to the increase of productivity in the coastal
waters. This productivity declines toward the open sea in the NE direction

where the equatorial oceanic waters predominate.

Mainly in waters with low salinity and contained within a
depth of 0 to 10 m from the surface the preseﬁce of continenté1 waters
with a more dense distribution of phytoplancton are observed (Teixeira and
Tundisi, 1967). The océanographic survey performed by the oceanographic
ship "Toko Maru" along the érazi]ian coast in 1958 classifies the Brazilian
coast in three large fishing areas. The Scuthern, Northeasten and Northern

coasts constitute these areas of economic importance for fishing.

The Amazonas river waters affect a large part of the Northern
coast, this influence being the most pronounced in surface waters over the
continental shelf. Using the isohaline of 35%. syrface salinity as an indication

of the continental slope, the South boundary is supposed to be at OIGS,

The planctonic distribution accompanies the coastal water

distribution in a belt parallel to the coast and with a 100 niles width.
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The Horthern Timit is not known. The coastal waters of low transparency
are abundant in plancten in the surface zones to the NE the transparency
increases and the productivity diminishes due to the equatorial ocean

waters.

The currents, predeminantly to NU direction, contribute
to the formation of the clay bottom, orange color, extending almost 200
miles with a width of approximately 100 miles where the shelf morphology

changes direction from to SE to the NW.

This accumulated material is abundant in organic material
changing from yellow to black by the reduction process and liberating
HoS when collected . A1l of this material in suspension originates from

the Para and Amazonas basins.

In a report recently published by the Oceanographic
Institute of the University of Sao Paule, it was established that the
change in direction of the Horth coast from Y to NQ, changes the axis
of the Guianas current, compressing fluvial waters which flow from the
{wo rivers. The recognition of these facts create favorable conditions

for fishing on the continental shelf in front of- the Amazonas mouth.

In conirast to the low fertility of the Guianas current,
the coastal waters directly characterized by rivers present a super-

saturation of oxygen dissolved in the surface up to 10 m. The nutrients
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absorbed by material in suspension in those waters are partially liberated

when the fluvial water is mixed with the ocean. Also the low penetration

of 1ight into the coastal waters limits production of oxygen for some

meters from the surface (Magliocca, 197Z).

11.4.2 - Interpretation

A non-controlled mosaic of the Barra Norte - Rio Amazonas

was elaborated with 10 images of channel MSS-4 from a selection of

repetitive material existing on this area. This mosaic was reduced for

publication (Fig. 11.30 and I1.31). This material is very representative in

view of what is above evidenced in generalizations. The discolorations

obserﬁed from the Amazonas River basin and later distributed over the

continental shelf cause an impact 1n the comparison of the images (Fig.11.
32). Evidentiy the dffferent properties of the water masses in convergence
are well defined by the information from only one MSS channel, namely the
green-orange. Previous oceanographic reseérch has shown that the ERTS-1

images of the considered regicn when mounted ‘and compared repetitively will

provide important material for control of future work. Observation in this

way rust together the necessary aelements for perfect water regional

dynamic recognition.

The processes involved in this eco-system involve seasonal

problerms which characterize the behavior of the whole extension of the

basin, in reference to pluvicretric r gire (Fig, 11.33). Tha ar gal run off




- 24 -

BARRA NORTE
Rio Amazonas

NOSAIED ELABORADD COM IMAGENS B0 ERTSY

850 190 ju km

a
[ TR T T Y |

eseals  grifiea

Fig., 11.30 - Photographic reduction of the mosaic of the Amazonas
Qutfall regicn made up to 1SS - channel 4 images.

“l



\
l

1073 - 13061

\

\ 4 0CT 72

- 85 -

e R R

1143 - 12552

13 DEC 72

e e

\
\
RE N -

- _.q,.,,.__.ww‘-'::;w«- ?\‘
RN
\ N

N

1108 - 13013

1143 - 125655

1073 - 13063
J 1 i
9 8 1OV 72 13 DEC 72 /(
_ /.f? o
4 0T 72 7] — e
T pmparimns : . A . - .
e T o T a0ts | Y143 - 1286 1124 - 12503 ;
1073 - 13070 ,ﬂk, ////‘g f
/ i3
K@l Q:i:::} ‘ o 24 NOV 72 !
(\1 \:":--—-——-‘"v—’ At~ -.__{_1 > i
4 0CT 72 RSy / e
,«i// ( ///jutkﬁﬁ TR
— 7y ' = -
b ey ( 8wov 72 _ L/ J
‘L—a'lzﬂ;- M ( = P e =
BT . e iy
SRS e ™S \ o e
E\"‘",’ E 1Y) N f
HI I LS 2 A e &
I X \
,’a;:;f} : !
& 4 ¥
i N 7 \
~7 1073 - 13072 i
4 0OCT 72 )
R RS
= Fig. I1.31 - Guide diagram for identification of the mosaic of ficure I[1.30




y k
-

e i k.1 A e, AT T
y
— x A ]
)

\\r\ i,

-~
w S .
LT s s
' > r..].m I&v\.\lt!.llf.

_ e A , )
\\ e u..,fv Ij
g \ \.. / &
ey . 1// ) Lom
\ - B /w o) .
e, e L ~z O
= L / ==

[P

11.32 - Interpretation of the rosaic included in figure 11.30.

Fig.




S

.
v e
———————— R L PTRITE s i |

Fig. I1.33 - Percentage distribution of fluvial surface waters and isohalines

of the surface in April, according Magglicca.




- 88 -

varies in accordance with this, in a spatial order, where the extensive
tributary of the Amazonas River, Cross different annual pluviometric

distribution areas.

The currents, winds and tides are responsible for the process

of mixing and transcvorting of waters and matérials in sugpersion, InFig. 11.32"A"
represents the Amazon river discharce transporting great quantity of suspended
material close to the cbast by the influence of the Guianas Currertt erebling the
transport of this material over the Continental Shelf sewral miles frun.the great
river's outfall. The isolated nucleous cf fluyial water within the davain of the
_ocean possibly is connected to the flux and reflux of tides where precipitation
is quite intense (B). The tendency of pilling up the coastal waters on the
platform and their distribution toward M by the Guianas Current (C) has

ke ronrected with the tides. The

seasonal characteristics and must 2lso

contribution of the Para River run off can also be determined (D) in this manner.

A11 of the elements which make up this complex can be
accompanied and perhaps quantified in appropriate proportions to their
participation, contributing for the knowlecge of one phencrenon responsible

for the fisheries productivity of the most importanf Brazilian region.

11.4.3 - Conclusions

Although only one multispectral channel was analyzed, some
importent cenclusions were drawn which justify future hydro-oceanographic
studies of system formed by the Amazonas and Pard Rivers in constant with

tropical ocean waters on the Continental Shelf. It was verified that
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channel MSS-4 together with MSS-5 offer high resolution images for coastal

oceanographic studies.

a. The ERTS-1 images can be applied to nautical cartography
principally in coastai zones of difficult access where
field work is difficult (Amapa);

b. The geodynamics of the processes while characterize the
Barra Horte of the Amazonas River can be accompanied in
evolution by the formation of deposits and their
relocation; ‘

c. The seasonal changes implicated in the run off of the
river and the distribution of their waters on the shelf
taking into account the currents and tides, can be
accompanied by repetitive work;

d. Interest in the delimitation of coastal water
distribution offers important elements of economical

interest to fishing activities on the Northern coast.
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11.5 - ABROLHOS PROJECT

Test Site Area 808 - Abrolhos Reef

11.5.1 - Description of the Test Area

The Abrolhos area is in the Southern coast of the Bahia
State. The average latitude is 13%5. 1t is a dangerous area for navigation,
with many banks and an irregular bottom cenfiguration. With suchlcharactez

itics this area presents problems for navigation and for hydrographic surveys.

The wataw in Abrolhac are auite clesr and some photogrammetric
and Remote Sensing flights have shown that it is possibie to sense the bottom

of the sea.

The climate is characterized by two seasons: a rainy and a
dry season. The maximum precipitation occurs in the middle of the year

with a cloud cover of about 80% during the season.

11.5.2 - Justification of the Area Seleclicn

The main reasons to have selected this area are the bottom
topography and the water transpirency. It is also known that the area is

rich in fine fishes and this is another rcason for the study.
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11.5.3 - Summary of the Project

The project consists mainly on the analysis of the ERTS-1
jmages of the test area, with respect to its hydrographic characteristics.
These characteristics‘w?}] be checked with aircraft imagery and also with

data obtained with oceanographic vessels.

The data will be correlated with the purpose establishing

a methodology towards obtaining nautical navigational information.

I1.5.4 - Objectives of the Project

In terms of the utilization of the ERTS-1 images, the main

objective is to establish systematic studies of the hydrographic character

istics of the area.

Unfortunately, all the images received so far, do not have
an ideal cloud coverage for a good interpretation of the whole area. Thus

no result can be given at present for this project which will continue in

1975.

Nevertheless, a region near Abrolhos corresponding to Ponta
da Baleia (uncompleted for lack of images to the East) at 16%S in the

Southern coast of Bahia State, will be analyzed.
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11.5.5 - South Offshore of Eahia State

11.5.5.1 - Introduction

The continental shelf adjacent %o the South coastland of the
State of Bahia has extremely different morphoicgical characteristics in
comparison with the rest of the Brazilian Coastland. A number of reefs are
located in this region on a widcning of the continental shelf reaching the
longitude 37°00'W with an extensien of 240 km from the coast. Average depths
of 100 m indicate the edge of the shelf and originate an inclination which

falls abruptly towards the center of Atlantic Ocean basin.

These characteristics represented on the submarine relief
reflect in the distribution of the coastal streams, as for example the
Brazilian stream in its flowing towards the South. The Abroihos Reef, the
paredes Reef and other reefs formed by corals constitute veal natural
barriers whicn influence directly the dynamic distribution of the waters

crossing this advanced portion of the Brazilian continental shelf.

Oceanographic expeditions up to tﬁe early 1920 to the South
Atlantic did not pay attention to this fact. Only in 192b the oceanographic
ship "Meteor® made some observaticns about the profile described above for
its major objective was to study the deeper streams to obtain an idesz about

the general circulation of the watar mass of the fitlarntic Ocean.
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In a recent paper (Emilson, 1961) published by the Oceano-l
graphic Institute of the University of S3o Paulo, some new data are
presented due to the surveys performed in February, March, June and
November of 1956. The author discusses the possibility of the deviation of
the Brazilian siream in its passage through the reefs of Abéo]hos in the
proximity of the latitude 18%S. This hindrance deviates an arm of the
stream to the east and causes a disturbance in the vertical stratification
which provokes some upwelling. The presence of these waters, rich in
nutrients, are no doubt responsibie for the deve]opment of sea-life

encountered in this region.

To the South of this area the data collected during the
International Geophysical Year by the Brazilian Navy indicate the existence
of eddies occurrence as a consequence of the topographic irregularities of

the bottom on the platform.

More to the South (latitude 22°S) the Brazilian Stream
remains more regular and the distribution of the temperatures and salinity
indicate that the main arm follows the continental shelf axis. The inner
edge of the color difference of the waters which are green (little

transparent) in one side and blue {transparent) in the other originate in

the North.
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11.5.5.2 - Interpretation

The images which were interprated (E-1224-12.095 - Fig. 1I1.34)
represent a narrow band of'sea and does not include the Abrolhos Reef. In
spite of its being incomplete due to the lack of images to the east, four
overiays and a photomonfage of channels 4,5,6 and 7 (MSS) were made to
allow 2 more complete comparison of the oceanographic and Rydrographic
occurrences adjacent to the Ponta da Baleia (Whale Point) (Figs. 1I.35 and

I1.36).

The 115S-7 image defines weil the contours of the coast and
part of The nydrouiepiic Gasinn, wvawanices some holosonic structures of
sedimentary Tow coastal regions and delimitates some regions of humid

sub-s0il or sub-superficial water ground.

The necessary definition on the contours of the reefs of
coral adjacent to the coast does not appear due to the permanent

saturation of the material by the sea water.

The 1S5-6 channel defines better this type of material and is
more adequate for hydrographic ctudies where this type of problem occurs

(Fig. 11.37).

The MSS~5 clearly provides the necessary cantrasts for the

coastal phytogeographic mapping and adds important alements in the inter-
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Fig. 11.34 - Cartographic detail of the sheet SE-24, Rio Doce (36} of the
International Chart of the World to the millionth (IBGE -

1972) about the coastland of the Bahia State.







Fig. I1.35 - Pariial delail of inage

s E-1224-12025 4in the multispactral
channels (MSS) 4,5,6 and 7.
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pretation of the structural tendencies of deposits from low coastal
regions. In this channel the coastal distribution of the material brought
by the rivers and in suspension adjacent to their mouths is well seen.

The different contrasts indicate some dynamic tendencies. This occurs with
lesser intensity in the }MSS-6 where the selectivity to the red possibly

indicates a distribution of argyllaceous suspension.

The MSS-4 is the channel which offers the image selection
from green to orange. Hence, the material in suspension in the coastal
waters with two origins, the organic (green) and the mineral (orange) ones,

appear clearly represented in this image.

Most of the deteails of distribution of elements in
suspension and color of water appear in channel MSS-4 where an attempt can
be made to detect a pnssible contrast between waters coming from the North

brought by the Brazilian Stream and the coastal waters with colors well

differentiated.

Some tendencies of the streams which have cbme from the
North are indicated in the overlays of channals 1M55-4 and MSS-5, where
the coastal waters are dragged to the South. The barriers constitute by .
the reefs on the continental shelf are clearly visible when the distribution

of material in suspension close to the Reef of Paredes.

In comparing figure I1.34 with the distribution of less

dense contrasts of the image, the identification, in a general way, of
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the isobathymetrics of 10 and 15m can be determined in channel MSS-4.

Another fact resulting from the overlapping of the image

MSS-5 and the cartographic detail is that the positioning of the reefs

of the image does not coincide with the cartographic representation,

mainly in the Reef of Paredes.

11.3.5.3 - Conclusions

aﬂ

From a hydrographic point of view, the image MSS-6 is

the most approps iate fov the mapping of the reefs of

coral.

The coastal geomorphology should be studied through the

gse of channels M3S-7 and MSS-B since the detailing

of sedimentary structures and others becomes more

defined with such association.

The distribution of the materiai in the coastal waters is

detected in the chanuels MSS-5 and MSS-4 depending on
the material in suspension, which results in a greater
or iesser transparency of the waters. The quality and
the quantity of this material in suspension owing to
its color and the penetration of light into the sea

water, results in different contrasts covering the
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visible spectrum in the bands from green to orange’
and from orange to fed, respectively.

d. To bettér define the hydrographic and oceanographic
problems of Abrolhos region it fs necessary to construct
a small mosaic taking into consideration the image for

oceanic coverages up to 37% approximately.

11.6 - MIDDLE NORTHERM REGION OF BRAZIL - MOUTH OF THE PARNATBA RIVER

(BARRA DO RID PARNAIBA)

11.6.1 - Introduction

The ERTS-1 images analyzed in this report cover an
extensive coastal area of approximately 100 nautical miles of the States
of Maranh3o, Piaui and Ceara, involving the middle Northern region of

Brazil (Fig. II1.38).

The interior of the region has a dominant vegetation of
_ savanna established on Tertiary sedimentary ground. On the coast, the
quaternary formations of sedimentary origin serve to support a varied

vegetation, specific of each of the coastal sub-ambients. In this way, it
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Fig. II.28 - ERTS-1048-17.273 image - channel 4 Northeast Offshore Area -

Barra do Rio Parnaiba.
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is possible to classify in a general manner various types of coastal
vegetation such as: the mangrove, dune vegetation, sand-bank vegetatidn,
and beach vegetation, each being associated with a sub-layer characterized

by tha dominant coastal process.

The Parnaiba River is a fairly large perennial river,

crossing a tertiary sedimentary plain to the ocean where it enters in

. contact with more recent sediment of quaternary origin. Other rivers which

drain the region have a more intermittent characteristic, being subject to

seasonal regime and to porosity of sedimentary formations.

I1.6.2 - Interpretation

Thé interpretation of images E-1048-12.273/4,5,6 and 7
is limited to the coastal zone principally near the Parnaiba River estuary,
where the coastal processes and the coastal and oceanic current distribution

will be studied.

- Oceanography/Hydrography

Channel MSS-6 indicates that the estuary complex of the
~arnaiba river works in a dynamic manner in relation to the tide flow. The
discolourations noted in the estuary interior are relative to distribution
of material in suspension in the interior waters, and conform to morphology

of the estuary which has its mouths towards the Ni.
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Channels MSS-5 and M35-4 show different levels of depth of
sediment distribution. The identification of distribution sources (Ref. 4
and 5 of Fiqure 1I1.39) indicates the direction or tendencies of preferential
propagation of the coastal waters under the strong influence of oceanic

waters from the Guianas current. In general, the water discolourations

tends to Ni.

The MSS-4 delimits the propagation of coastal waters containing
sediment to + 30 km from the coast, and the MSS-5 to + 18 km depending on

" penetration of each sensor.

Comparing the MSS-7 image with some existing charts in the
same scale, it can be noted that the estuary as per the image does not
coincide with the cartographic representation. It is evident that the
image leaves no room for doubt, although the cartography cannot totally be
discredited since the dates of each survey are different. What actually
happened was an evelution of coastal forms due to the geodynamic process
or coastal process. The possibility arises here tc‘study the morphology of
this estuary using other aerophotogrametric surveys or future ERTS images
to interpret the reasons and tendencies of an evolution of this type in

the coastal area.

Channel 'SS-7 permits clear definition of lakes, perennial
rivers and the coastal line, defining precisely their contours. Some
rivers are identified with less prccision due to their intermittent

character, originating from very porous sedimentary ground and dryer
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climatic periods, forming a chain of small lakes in the.riverbeds.

- Coastal Processes

Quaternary soil is predominant aleng the ocean, and is
formed by marine and fluviomarine sediment. The constant influence of

oceanic currents due to the rivers and winds, modify the morphology of these

coastal formations.

The sand deposited on the beaches is moved by the wind

which is predominantly NE, creating a field of dunes which are shifted to

the interior and even more mangroves. On the Cast margin of the Parnaiba

River the penetration of the dunes can be measured to be 14 km from the
beach to the interior in the NE-SH direction. This eolic shifting follcus

and covers nct only sedimentary formations but mangroves in some sections.

The dune fields indicated in the transparency of figure II.39
as per interpretation of the MSS-5 image, plainly establish a preferential

direction of propagation from the NE following the predominance of winds

2long tne coast.

Imace MSS-5 demonstrates clearly the estuary problem near
the Parnaiba River. Fine sandy s0il in the presence of high tides creates

tion (zones of more intense density in the image)
2

a specific mangrove vegeta

with three principal species covering &n area of 150 km of forest.
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11.6.3 - Conclusions

a. The observation of coastal sediment distribution and

b.

the tendencies of coastal current propagation can be
observed in the MSS-5 images.

The coastal processes and their geodynamic evolution
can be followed by the ERTS images.

The estuary complexes of the NE coast, of which the
Parnaiba is the most important, constitute areas of
well developed primary productivity, being areas with
environmental conditions propitious to species of
economical interest.

Ecological study executed within a pregram of regional
research could establish directives for possible
utilization and conservation of natural resources,

principally in reference to fishing for shrimp and

Crustacae in general.
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CHAPTER II1

MINERAL RESOURCES

111.1 - INTRODUCTION

The main activities of INPE's Geology and Mineral Resources

Group from October 1972 through November 1974 are described in this chapter.

A proposal for partjpipation in the ERTS-1 research program

was submitted to NASA in April 1971 outlining an area of approximately 15

million sq. km Jocated in central-eastern Brazil - the Sac Francisco River

Basin (Figure I1I1.1). Other areas in Brazil were studied also as described

by the Addenda to the first proposal however, the priority for geological

study remained with the area mentioned above.

The intial work in 2 small area of the Sap Francisco River

Basin was carried out by Messrs. C.C. Liu, C€.C. Carraro, and S$.K. Yamagata

and the last paper available at the time of the preparation of this repert

is shown here as Appendix III.1. This work has been expanded to cover an

¢ and is entitled "A Geological Interpretation of the
This

area of 800.000 km

Upper and Middle $30 Francisco River Area based on ERTS Imagery".

work is being completed at the present time (June 1975) and is not

reproduced here.
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ERTS-1 imagery provided basic datz to the Principal
Investigator to develop a scheme of the Precambrian development of the
Amazon Region in Brazil. Additional data which were gtilized in this study

were provided by SLAR imagery, geochronological analyses, and field work.

presently, INPE‘s geological team is headed by Dr. Aderbal
. Correé who is coordinating the efforts to do the structural mapping of
Brazil at the 1:1,000,000 scale using remote sensing data. Professors of
the University of Sdo Paulo, including the author of this report, are

cooperating with this work in the laboratory and field.

111.2 - MATERIALS AND METHODS

Most of the interpretation was carried out on bulk, black

and white, 1:1,000,000 scale paper prints. Color composites, obtained in an

additive color viewer or in diazo prints, were used in some cases. Mosaics

at a 1:1,000,000 scale were used to enable the photointerpreter to have a

synoptic view of large areas. A pheto-index at a 1:3,690,000 scale was used

as a reference for images available in Brazil. Enlargements at 1:500,000,

1:250,000 and 1:100,000”sca1es were used-for comparison with already

existing data. Except for special problems, such as sediment suspension in

water bodies, and for producing color composites, only KSS bands 5 and 7

imagery were used. These proved to be the most suitable for geological

interpretation, both yielding 1ithological as well as structural data. A

Jist of ERTS-1 frames which were analyzed at INPE for the papers included
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with this report is given in Amex III.1.

The interpretation of a given area based on ERTS-1 imagery
was folloved by a careful checking against previous published work in the
area. In general, important differences viere observed between the already
existing maps and the geolegical interpretation obtained in ERTS-1 imagery.
The main differences concern the structural framework of these areas. In
some occasions, specially within sedimentary basins where a monotonous
rock association occurs, lithologic boundaries in ERTS-1 imagery were

delineated more precisely than in conventional phote-interpretation.

Due to a2 serics of abstacles, field work was severely
restricted. The Principal Investigator carried out two months of field
control at the Serra dos Carajas-Tocantins River area and at the northern
Poraima Territory. Mr. Sergic K. Yamacata conducted a two field work at
the Rio Verde region, within the Sao Francisco River area. The problem
of field control for other test areas was partially solved by personal

contacts with geologists wio hove worked in these areas.

Ektachrome, aerochrome infrared and panchromatic aerial
photographs were available only for small areas within the Sao Francisco

and Amazon regions, but were not used due to difficuities in correlating

them to ERTS imagery.

Computer analysis of the LRTS computer compatible tapes
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are in an embrionary stage. The main reasons for that were the initial
difficulties in reading the tapes; the long time required for the develop~
meﬁt and implementation of software; and the capabilities of our computer
system. llost of our actual efforts are being directed towards the development
of an autcmatic interpretation-system for ERTS data. INPE has acquired a

G.E. Image-100 system which will be operational in August 1975.

In summary, only visual interpretation aided by literature
analysis and some field data wa§ used for geological examination of ERTS
jmagery up to now. It was verified during the program development that
drainage analysis, performed in the same way as in conventional photo-
geology, is perhaps the most important method for visual extraction of
geological information from ERTS imagery. Because of that, a complete
drainage pattern was de)ineated on most of the frames in order to obtain
lithological as well as structural information; The second important aspect
was the geomorphological analysis af the images, aiming also the extraction
of structural and 1ithological data. Finally, tonal analysis was used mainly

for delimitation of different geologic units.

In many cases it was not possible to decide upon the nature
of the linear features observed on the images (faults, fractures,schistosity,
bedding, fold axis, etc..). In such cases the resulting maps indicate only
the position of the lineament. The identification of intrusive bodies and

contacts between sedimentary basins and their basements are generally
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Under favorable conditions ore bearing geolegic units can

be discernible in ERTS imagery. The main examples are:

As

somewhet difficult

Urinium-phosphate-niobium-alumitiun bearing alkaline
intrusions in Minas Gerais and Goias States;
Hickel-chromium-cobalt-asbestes bearing ultrabasic
intrusions in the Goias State;

7inc-lead-silver-copper bearing Timestones in the Minas
Gerais and Goias States.

and manganacs hoardina metamorphic rocks dn the
ings Gerais States.

Tin-wolframium bearing granites in the Para State;
Molibdenium-copper bearing sub-volcanic granites at the

Roraima Territory.

no scene corrected (precision) imegery vere used, 1t was

+o it the interpretation results within the guadrangles

of the International Chart of the iiarld en the Millionih Scale whicr uses

the Lambert conformal conical projection. This problem was partially solved

by transferring the data for cach 30° x 30' quadrangle on a standard base

grid map. For some

regions this was almost jmpossible due to the Tow

confidance of the millionth base choiyts an’ the differences between the

coordinates annotation system of ERTS imagery relative to them. Duc to the
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size of the region {about 5 million sq.km) the data for the Amazon region

vere transferred to a 1:5,000,000 scale base map, which presented no major

problems.

I11.3 - DISCUSSION OF THE RESULTS

Most of the comments and conclusions of the group on mineral
resources, geological structure and landform surveys of the II ERTS-]
Symposium (March, 1973), can be applied to the results now presented. However,
in the case of Brazil a significant amount of new géologica] information was
added as a result of the program conducted by INPE. This is an important point
to be considered when a country is geologically poor1& known. In such cases
ERTS imagery interpretation can be considered an operational program instead
of an experimental one. A similar line of thinking lead the Brazilian govern
ment to develop the RADAM Project, which has surveyed about 4.8 million sq.
km of the nation's territory (approximately 55% of the total area). About

Us$ 25 million were spent for acquisition of radar imagery alone.

Comparative studies between SLAR and ERTS-1 imagery,
performed by INPE's staff, indieate that the second can yield about the
same amount of information at a cost many times less than the firet.
Considering the ERTS applications to natural resources by developing
countrics these conclusions stresses the importence of orbital remote

sensing. for such eountries.
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After these introductory remarks we will turn. to the

discussion of the results obtained in each of the programs conducted by

INPE's geology group.

111.3.1 - SAo Francisco River Basin

p,{"‘-f"_l}’. III-.I iS U 3 ]Est av 1"!ab]e r,‘_. . L E :

imagery interpretation results for tiat region. The justificatiorsior
the selection of that area were presented 1in the proposal to NASA, and

can be summarized as follows:

a. It encloses great part of the country's known mineral

resources;
b. It presents no problems regarding cloud coverage;

c. A largs number of publications regarding its geology

ig easily available.

Thz program is still in development, extending the inter-
pretation to neighboring areas of Goizs, Bahia, Piauy, Minas Gerais and
S30 Paulo States. Tie main conclusicns ave:

a. ERTS-1 lSS imagery are an excellent tool for regionel

geologic mapping in savanna-type areas;

b. Bands 5 and 7 are the best ones for that purpose;
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c. Comparison with already existing maps indicate an
excellent correlation with ERTS interpretations. The
correlation was directly proportional to the intensity
of the field work from which the map derived;

d. Uncertainties still ekist for those areas lacking field
control, due to difficulties in 1ithological interpret-
ation;

e. The imagery proved to be excellent for the delineation
of different geotectonic units;

f. Almost without egception the already existing maps were
corrected with respeét to morphology., 1ccatipn of reference
points, dimension of geographic features, etc.;

g. Due to the Tow geometric resolution of the ERTS-1 M35

. system it was not possible to locate precisely the known

ore deposits.

111.3.2 - Amazon Region

Appendix I1I1.2 reports the main findings on ERTS-1

applications to geology and mineral resources in the Brazilian Amazon

Region, and its comparison with SLAR imagery performance.

The geologic map from Appendix III.3 synthetizes the main

results obtained by the combination of remote sensing (ERTS and SLAR),

geochronology, literature and field data directed towards the establishment
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of a model for the geologic development of the region during the Precambrian,
Such a map at a 1:5,000,000 scale was obtained mainly by remote sensing

data interpretation and was made in three months. As a by-product of this
work it was possible to e!ago}éfe an attempt of metallogenic regionalization

and to study the relationship of Precambrian structures with the Phanerozoic

development of the regior.

The main conclusions regarding the ERTS-1 MSS imagery
performance for such purposes are included wit-in Appendix 1I1.2. Never-

theless, some additional cormments should be made:

Band T imacec prnved to he the best ones for geological

¢

mapping in heavily rorested areas, as opposed to
savanha type areas where the band 5 images present
better results;

b. Differences in forest density are well marked in band 7
imagery and can be used for geological units delineation

' o drainzge pattern analysis: ’ .

c. Darker tones in bead 7 images can he interpreted as
soil exposures or lower reflectance of the vecetation
over soils containing anomalous amounts of economically
important elements. Examples for both cases are the
Tateritic crusts associated with iron deposits of the
Serra dos Carajis, and the vegetation over the bauxite

deposits of the Trombetas River Valley;
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d. If a multi-disciplinary program is under consideration,
o y ERTS imagery will show an even better performance when

compared with SLAR imagery.

111.3.3 - Structure Project

The main objective of the Structure Project is the structural
mapping of the whole country at a 1:1,000,000 scale using ERTS-1 MSS imagery.
This project intends to be the INPE's collaboration to the geo]ogicaT'mapbing
of Brazil at that scale which is being conducted by the Departamento Nacional
da Producao Mineral. This program is ﬁsing the 4° by 6% guadrangles of the

E International Chart of the World on the Millionth Scale.

This program began in March 1974 and reports are not available

yet. Four quadrangles are being interpreted at the present moment:

sD-22 - Goias (120-16%5; 48°-54°u6)
$C-23 - Sdo Francisco (8°-12%5; 42°-48°KG)
| sD-23 - Brasilia (120-16°S; 42%48°%G)
SE~23 - Belo Horizonte (16°-200s; 42%-48%5)

From these, only the Goias quadrangle is ready for discussion.
The other three quadrangles present some superposition with the Sao Francisco
River Basin Project and the main conclusions were discussed earlier. Additicn

al cooients for the Goias Quadrangle are:
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a. ERTS-1 NSS imagery proved to be very suitable for the
proposed objectives. However once again it is stressed
the necessity of field work for improving the quality
of the results, particularly with respect to the
diagnosis of lineaments; .

b. As in geologic mapping, structural interpretation is
better performed in band 5 and band 7 images;

¢. The synoptic view characteristic of ERTS images made it =
pessible to identify large structures previously unknown;

d. Intrusions, domes, faults, folds, lineaments, sediment-
basement contacts, were-the main structures jdentified,

As a consequence it was possible to delineate the
contours of the main geotectonic units present in the

area.
I11.3.4 - Other Areas

During the period covered by this réport, imagery of other

regions of the country were interpreted for geological purposes.

One of the most important works thus performed was the first
ERTS-1 SLAR comparison in the Teresina region (Piaui State) and the coastal
area of Maranhio-Piau¥ States. Interpretation of ERTS-1 and SLAR imagery
was conducted separately by two geologists using all the available ficid

and literature data. £s a consequence the superiority of ERTS over SLAR data



for geological mapping in savanna-type regions was demonstrated for the

first time.

At the same time a group of the System Analysis Division
of INPE performed a cost analysis of both systems considering the
investmeﬁts for acquisition and maintenance of our ERTS receiving and
processing facilities. These studies have demonstrated that one sq. km of
ERTS data {not inciuding the space segment) costs about US$ 0.15 while the
SLAR imagery acquisition have cost about USSS,OO per sq. km. It was also
demonstrated that the amount and quality of the geological information was
superior on the ERTS imagery, when compared with the SLAR data. As a result
of this study we concluded that the use of ERTS imagery for geological
mapping in such regions could be done with a cost/effectiveness ratio

several orders of magnitude smaller when compared with the SLAR ratio.

Another impertant area was the central Rio Grande do Sul
State and its bordering region with Uruguay. At this area occurs an important
scquence of sedimentary, yolcanic and plutonic rocks of Precambrian age. A
NE trending fault system encloses important copper deposits. Geological
maps at a 1:250,000 scale are available for most of the area, permitting

a good comparison with the ERTS images.
The most important conclusions of this work vere:

a. Rand & images are the best for Tithological mapping,




allowing the distinction botween basalt, granodiorite,

granite, rhyolite, metasediments, sandstones, etc.;

b. Pand 7 irages were the best for structural interpretation

and its use resulted in the definition of several new
Vinecapeats and faulcs, spacially those i trending which

are important for mineralization;

c. Color composites are generally less suitable for geological

the Maranhao Sedi

interpretation as compared to the individual black and
vihite paper prints;

d. Enlargements tc 1:500,000 scale yielded a better definition
for 1itholagy, geolooical units boundaries and structural

features.

Finaily, several ERTS-1 frames from the southern portion of

mentary Pasin were interpreted to test their applicability

to geological mapping of monotonous sedimentary sequences. The main

conclusions were:

a. Rock unit delineation was best perforred in band 5 image
due 1o the zs.ociation between different lithologies
and vegetation units;

b. In some areas band 6 image yieldad betier lithological
identification;

¢. Band 7 was the best one for structural interpretation;

d. The resulting geological map was move detailed than
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the previously available map.

The additional frames from the central part of Amazonas
State were the first ERTS-1 images interpreted at INPE. At that occasion
the potentialities of LUTS dracery was demonstrated for carfographig as
well as for geclogical purposes. The conclusions of this work are very

similar to those from iten 111.3.2 zbove.

The studies carried out at the northern part of the Goias
State are very recent {November 1974) and were directed towards the
comparison between ERTS-1 and SLAR imagery and pre-existing maps. The main
efforts were directed towards the structural interpretation from renote

sensing data. The conclusions of this work were:

a. It was possible to construct a structural map at a
1:1,000,000 scale with much more detail than present
in previously existing maps; ‘

b. ERTS-1 imagery yielded more structural data when
compared with SLAR data. The same was true when
corpared with conventional photo-interpretation of
1:60,000 aerial photographs;

¢c. Previously mapped structural features could be extended
and better Tocated;

d. It was possible to delineate different geotectonic

uynits based on ihe structural features extracizd from the

imagery.
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I11.4 - CONCLUSIONS

1 - The results previously discussed are sel7-expianatory
with regard to the iarge amount of new geological
information which resuited from ERTS-1 imagery inter-

pretation;

na
!

The programs, in most part, were carried out in a
semi-operational basis resuiting in several new
geological maps vhich are being ysed by the country’s
geological community; :

3 - These programs demonstrated that ERTS-1 imagery caﬁ be
used at a lower cost/eifectiveness ratio when cornared
to SLAR imagery and conventional aerial photographs.
Related to this is the cenerally shorter time involved
in the 4nterpretaticn of ERTS-1 dataé

4 - Conventional photu-interpretation techniques were used
almost exclusively. Bands & and 7 preved to be the
mast effective for geological problems. Pands 4 and
6 yielded very Tow sdditional data when compared with
the other two. Field control was made only in very
restricted areas;

5 - As by-puiucts of the programs it was possible to

introduce importent corrections on the alraady

existing cartoararhic raps, Ehus aermitticg a better
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location of the geological features. It was also
pessible to delineate areas with higher probability

to enclose mineral deposits.
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RESUMO

Esta 6 a primeiro tentativa de utilizagao de tmagens pro
duzidas pelo'Multis;-ctral Seamityg System’WMSS) do primeiro Satélite
pecnologico para Hecursos da Terra {EETS-1), como wma ferrarenta de ma=
peamento geologien. O reconiecimento geologico estendeu—se da regiao
do Alto Sao Francisco aié & berda Noroeste da Bacia do Pavard, ruma @~

2
pea de aproximadamerte 300.000 k",

As imagens MSS do ERTS foram analisadas sisualmente peld

téomica convencional G@ intevpretageo de fotos goreas. O intérprete re”

comhace unidades g30ﬁ5.j¢cas pe e Lnalise ¢ tnderpretizal Az  elementos
tais como padrao de drenagem, formas de relevo, tons de cinga,ugggta;ag e
fbiggss ecaracteristicas. pele estudo dos clementos, continwidade de fei

- -~

¢oes geom5rficas ou Litologicas 2 1ineagces topograficas, podem ST at—

ferenciodas midedes de wapeancnto € identificadas feigoes teatonicas.
As imagens MSS do FRTS provaran ser whid ferromenta de sensoricnento

pemoto cfetwva pard roaonfigc THENTe geologico vegionol ¥:0 Bracils

et pm

P
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Abstract
This is the first attempt to use the imagery produced by
the lultispectral Scarner Subsystem (MHES) of the first Earth Resources
Technology Satellite (ERTS-1) as a geological reconraissance tool in
mapping a broad region from the upper drainage area of the Sao Francisco’

basin te the northeast rim of the Parand basin.

The ERTS' M55 imagery was studied and evaluated by visual
means. Conventional techniques of ph@tainterpretatéén have been used
since the MSS imagery can be studied as a photo—like image. The
interpreter recogniies terrains from it by analysing and interpreting
the photo~like elements drainage patterns, landforms, tonality

characteristic features, vegetaiion, and 60 On.

From the study and analysis of such elements, the
continuity of the geomorphy or lithology, and the topographic lineaments,
a series_of satellite mapping units can be differentéated, and various

tectonic features can be identified.

|
ERTS! MSS imagery is proving to be an effective remote

sensing tool for regtional geologie reconmnaissance in Brazil.




111.1

CHAPTER

CHAPTER

CHAPTER

CHAPTER

- qv -
COUTENTS

- THTRODUCTIGH sasaeere

11 - KEIOTE SENSTNG, ERTS.

ecaw e R

2.1 - Renote Censing ceercee i aesaseanmererenes :
7aZ - Electranzgnetic padiavion and,Eiectromdgnetﬁc
GpECErLil e-sessreretr T ceasanens beasrns s
2.3 - ERTS +vovenes e e v esaname oy ey o
2.4 - ERTS-1 orbital Data «....-- e ¢ varanse . aige
2.6 = HSS saeeveeees e R ieeseaseneees
9.6 - SCAnner .caeece 0w R e RS
2.7 = MSS Operations eeeerece sxbrfiner N Sl 1ete »led e
2.8 - HSS Inagery Managen Nt saeeveeenrs PRI

Paae

117 - LAASET

A LITERPRETAY 1Gin METHODS «eer

£jements Analysis

3,2 - Continuily Analysis and outlining the Remoc ie
Sensing apping UMTLS eoeosnovesroosrentens?s
3.3 - Structure Analysis eeverenereemrrt s PR
3.4 - Study PracedUre secaesersrers R
v - ConPARISG foaonG Thi EOUR BANDS seecocaeses c
4.1 - Dand & +..-- Bon, LSRN o e kR e i
4.2 - Band & coveemeraninreeeeret R PR L
4.3 - Band 6 ceoconasonerrttt saeesarasen Cieesoroes
4.4 - band 7 ceenrce PR P  eaancoereres

m ¢l ot B =~

— o @

i2

el

13
14
16

W7
17
18
18



111.]

CHAPTER V - GEOLCGICAL INTERPRETATICH OF THE UPPER SAO

FRANCISCO BASIN cuvvernaresaseososreonennecnnenes 20
5.1 - Remote Sensing Units covvvncanea e dnsaeaasesiees 20
5.2 - The Arca of Tres Marias: A SUb-Basin .eeaeaesns 22
5.3 - Faults and Fractures R S eRola e e el e oe % 22

CHAPTER VI - COMPARATIVL AMALYSIS BETHMEER IMAGERY
IHTERPRETATION AHD GEOLOGIC FIELD WORKS IN THE

UPPER SAO FRANCISCO BASIN ....... tesiascevesasun 23
6.1 - Oliveira, M.AM. (1967) coecveervaannnesnnnnacs 23
6.2 - Hasui, Yo (1968) cecvvcaciaanenaaccnns 1060 0 DO . 26
6.3 - Ladeira, E.A. & Brito, 0.E.A. de (1968) ....... 26
6.4 - Pflug, R. & Renger, F. (1973) U DG GOaT00aan D 27
6.5 - D.N.P.HM. (1967) ceuvnnns e o oisine Ay e aine oo nce a0 27
6.6 - Braun, O0.P. (1968) Weeevssvseseabsantararsasioe 28
6.7 - Branco, J.J.R. ed. (1861} ..ovieicoaianan S 23
6.8 - Barbosa, 0. & Uppenheim, V. {1937} cavenennns F 29

CHAPTER VII - GEOLOGICAL INTERPRETATIGH OF THE REGION CF

FURJAS DA?I 4% 0 ¢t e S 0 assaD RS g0 B s B8 e ..I.....Glll 31
7.1 - Remote Sensing Units .oiovemrvrvnnocreneecaes .6 31
7.2 - Tectonic Provinces ..... R T R ERETERE 33
7.3 - Fault and Unknown Circular Features ...eesovena 33

CHAPTER VIII - COMPARATIVE ANALYSIS BETWEEN IDAGERY
INTERPRETATION AND GEOLOGIC WORKS IR THE

FURMAS DAM REGION s.vecvereccoracsnaccocanoncs 34

8.1 - Barbosa, 0. et. al. (1970) ...oconennenn 3o oo 00 34

8.2 -~ I.G.G. (719063} vovecacace veaessisesassones Googa o 34

8.3 - Oliveira, H.AF. de (1972) coconerrnanenancnces 36
CHAPTER IV - COMCLUSION .i.vevenvaeaen B S O 000000 G 46

LIST OF REFERENCES eviceconsasascncsarancocrrccaransecens aan 47




It

L2
8

hi)

-

FIGURE

USRI

Portions of the olectromagnetic specirum uysed in remote:

' Y /

SQnS?ﬂg -n-o---o---;oo-a-cuo-qa--n-ce-co¢a---o--c-oo‘o.-ac
y

Schemetic ERTS-1 coNFiguration «.ooeesenseevaaansansoess

1SS Scanning arrangement ...esccceaeeoyereeranenrenests

Ground scan pattern for a single MSS detector ..oveavnee

Typical ERTS Daily ground trace (daylight passes only) .

Geologic works in the upper Sig Francisce Dasin Ared ...

Geologic vorks in the Furnas DAM ATEB ssssassvsenoccrncss

TABLES

Conparison awong the four s L R

correlation of the renote sensing units to the

mapping units in the upper 530 Francisce Basin

- Corretaticn of the remote censing units to the

geologic

a5 o B =B &S

geologic

*

meuping uniis in the region of furnas AN secescanrsonnens

FLATES

CRTS-1SS Imagery n@ 148-12305-5 with geologic

jnterpretation overiay R R R

Ay

ERTS-11SS Imagury 09 043-12312-5 with geologic

interpretation QVErlay ceeecsscaseevenaecnnees

o 42 6 C %A S

Page

10
24

35

P



Iiigd

- yii ~

3 - ERTS-1SS Imagery n? 048-12314-5 with g2olegic
interpretation overiay .......eeo Cessasesatrrstascesne .

& - ERTS-HSS Impgery n@ 648-12321-5 with geologic
interpretation overlay «.coevesecscascaere oale e e 500G 000

& - [NTS-HSS Imagery n0 038-12323-5 with geologic

jnterpretation overlay vcocureecsrerenocarrones 500600 a0

6 - ERTS-MSS Imagery n@ 048-12330-5 with geologic

jnterpretation overlay ...... teasesensasasensasecasoss .

MAPS

1 - Geological map os the area of the upper Sao Francisco

«- 0w

Basin based on MSS Imagery of ERTS-1 interpretation .....

2 - Geological map of the area of the Furnas Dam based on

1SS Imagery of ERTS-1 Interpratation c.oceeecervarcasens

40

41

42

43

44

45







1111

CHAPTER 1

INTRODUCTIGH

In the space age, a new technology has been and is being
developed fast. This new technology is remote sensing,‘which is used

to increase knowledge about the earth without actually touching it.

Yarious forms of remote sensing, including conventional
and unconventional photography and imagery, cover a wide Tield of
scientific and practical applications, geolegy being cne of the most

important.

Geologic maps are essential to prospect for mineral
resources and important aids in agromomy, civil engineering, etc.
Geologic mapping with the new techniques is fast, economic and can be
carricd out independently of local conditions such as climatic and
geographic. It is most adaptable in the case of remote areas not
geologically mapped and even completely uncharted.

i .

Brazil has participated in cooperative aircraft renote
sensing programas with the U.S., in the earth resourﬁes field, since
1968. In order to participate in remcte sensing from satellites a
complete earth receiving station has been installed at Cuiabd, in

lato Grosso, and the processing system is at Cachoeira Paulista, in
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S3o Paulo, where the tapes from Cuiaba are processed into computer

compatible tapes for sutomatic data interpretation and images.

The Farth Rescurces Technoiogy 5atellite (ERTS) has been
designed as a research and developement tool for the Earth's resources on
a global basis. The four channels iultispectral Scanner Subsystem (11SS)
is one of the sensors carriec py the ERTS. The 1SS collects data by
continually scanning thne ground directly beneatn the spacécraft. The
width of the strip is 185 km. During ground processing, framed images
in the format of 70 nm (scale 1:3369.000) or 23 cm (scale 1:1000.000) are
constructed from the continuous strip. INPE gets copies of the 155 film
From the Ground Data Handiing Sysiems (GDHS) aththe HASA Geddard Space
Flight Lenter in Greenbelt, Hd, USA. INPL'S Latoratory produces black
and white copies of the M35 £ilws from each spectral band for use in

research work.

The areas of this study, the uppsev drzinage of SZo
Francisco River and the Furnas Dam are parts of the research schewe that
was scheduled by the RECHI group of the SERC - IWPE. The first area is
covered hy two neighboring orbits with seven sets of images and the
second, by one orbit' with two sets of imagery. Fach set of images has
four imeges in different spectral bands. Ezch image covers approximately

1685 x 185 ka.

v S R AT T T R AL Ty T

]
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The geological interpretation of the ERTS imagery was
conducted by visual examination. The conventional technique of
interpretation of aerial photos is used to interpret ERTS-MSS imagery.
During the visual examination of the imagery the fol]owing_techniques
were tried: 1) each individual spectral band print was studied by close
visual inspection with or without magnifier; 2) comparing thess four
spectral band prints; 3) interpretation of these prints on an overlay
and comparing with geological map, if any; 4) interpreting = the
regional geology on an overlay of the mosaic covering the whole area

of study.

Geo]ogié maps were prepared assigning symbols to each
remete sensing unit representing different rock type and varicus
geologic structural features were obtained also. There is an indication,
from this work, that reconaissance geclogic maps can be made by visual

interpretation using ERTS'MSS imagery.
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CHAPTER 1I

REMOTE SENSING, ERTS, AND HSS IMAGERY

2.1 - RENMQOTE SENSING

Remote Sensing may be defined as the detection, recognition

or evaluation of objects by means of distant sensing or recording devices.

An early and sti11 the wost useful form of remote sensing
is photography. Conventional photo techniques record scenes on fiim
sensitive to visible electromagnetic energy. With the development of
space age, & numbar of devices, sensitive TO various nortions c¢f
electromagnetic spectrum, have been and are being developed. These
devices can produce magnetic tapes, photographs, or other types of images

and may be carricd either on aircrafi or on cateliites.

2.2 - FLECTROHAGHETIC RADIATION AHD ELECTROMAGNETIC SPECTRUM

Fle iromagretic radiction is energy tronsferred both as
9 1 . .
waves travelling at a1 constant speed through free space and as distinct

uanta of energy; it is characterized chiefly by wavelength and frequency.
q

The concept of electromagnetic spectrum is that of a

continuum censisting of the ordered arrangement of radiation according

¢ canewy
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to wavelength or freguency. At present the electromagnetic energy used

in remote sensing is in the portion of electromagnetic spectrum shown

in Figure 1.

2.3 - ERTS

ERTS in an abbreviation of Eartih Resources Technology

satellite. The ERTS program is one of the American space programs
scheduled by NASA (National Peronautics and Space Administration}.

The first one, ERTS-1, was Yaunched on July 23, 1972 and

has been operative since then (Figure 2).

2.4 ~ ERTS-1 ORBITAL DATA

1. Shape of orbit: circular

2. Altitude: 920 i,

3. Peried: The catellite circles the Earth in 103.3

minutes
4. Ground speed of sub-satellite point: 6,47 km/sec.
ynchronous, i.e.., the local

t is 09:30 a.m.

1
5. The ERTS orbit is sun-s

£ime along the orbit is a constant. 1

on the day time side

6. Inclination of orbit: 990
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FRTS cayries three kinds of sensors to survey the Earth's
curface, one of them is the 1S5, an abbreviation of "Hultispectral

scanner Systen (Figure 3).

The 1SS for ERTS-1 is a A-band scanner operating in the
colar-reflected spectral band region from 0.5 micrometers to 1.1

micrometers.
2.6 - §§BNNER

A sCatmer ¥5 U Sunlw hichk ercsns a scene 1ine by line.
yrlike conventional photographic cameras, scanners convert tne
electromagnetic energy into electrical enevgy. This energy ray ihen
cither activet® a Tignt scurce such ¢s & cathode vay tube (similar to
a TV piciure tube) to rroduce an imsge, or may be recordsd directly on

magnetic tepe (similer to @ tape recorder}. (Figure 3).

2.7 - H5S UPERATION

ks the scan mirroyw oscillates plus and minus 2.683 degreos
about its nominal prsition, an 11.65 degrees Cross rack field of view is
ccanned at a right engie to the direction of the satellite notion. Six
detectors ars assigred to pach spoctral bend, soO that six scen lings é&re

recorded sinuitancously (Figure 4.
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ERTS' MSS scans crosstrack swaths of the ground coverage

of 185 kilometers width in continuous fashion along the direction of the

track. As the satellite circles the Earth every @ hundred and three

minutes, it completes 14 orbits per day. Therefore, the westward

8% from one orbit to the next. The gaps

on each 19th

cubsatellite trace progresses 25.

are filled in successively during an 18-day period and s0,

day the sateilite duplicates the pass made at the beginning of the

period. As a result, the sensor views the entire Earth every 18 days

(Figure 5), and may produce Z0 complete coverages per year at the

Equator end low Jatitudes.

2.8 - 145 IMAGERY MAHAGEMENT

At present, data acquired over the Farth are transmitted

in real-time to Earth, on command , when the spacecraft is within sight

of one of the ground receiving stations. The MSS produces continuous
strip imagery. puring image data reduction, the continuous strip imagery
is transformed into framed imagery with a 10% tengthwise overlap and a

area coverage of approximately 185 » 185 kilometers. sidelap of adjacent

orbits is 144 at the Equator, increasing toward the poles.

The lincar resolution capability of MS5 imagery is of the

order of 70-100 metiers.
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CHAPTER 111

T1'AGERY TNTEI PRETATICH NETHODS

3 . 1 - ELH ]'?‘:{;_T;Sw,“.,.',,,‘ ILV_% :‘[‘C‘-
The interpretaticn of the MSS imagery was conducted by
yisual examination. With the output array of 1SS imagery, hasic

techniques developed for photegeologic interpretation are guite applicable.

The interpreter identifTies features by observing and analysing aloments
such as:
a) drainaga pattirns - arrangemznis of vanitied channcls

b) landforms - surface features of the farth.

¢) torzlity - coler values of terrain cbjects on the
jragery transiated into Gifferent tonzs ranging from
pure vhite to black and Tl gray shades in-between.

d) characteristic Fentures, such as erosional ascarpients,
sink hojes, evc.

e} veqetation - often representing texture, moisture end
éopographic nature.

£) iand use - ofien assoriated with soil 1ypes. related

£o undertyiny rother rechs.

e e mvan 1 . S e e L Ty R =
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3.2 - CONTINUITY AMALYSIS AND QUTLINING THE REMOTE SENSING MAPPING UNITS

Construction of a geologic map is based upon the distribution
and attitude of the remote sensing udits which have to be identified and
outlined on the imagery. The analysis and interpretation of above mentioned

elements are aids for tracing units and outlining their boundaries,

The sharpness of a boundary depends mainly on the different
resistance to erosion between twoe units. Delineation of a boundary is limited
to the visible features, and the ability to follow it depends on the

continuity expression of the imagery.

1t is quite possible to outline boundaries on the imagery
when a distinctive difference in drainage patterﬁ exists. A tonality contrast
is frequently a good guide in the outlining process. The role of different
density of vegetation coverage is often of help in outlining units because
vegetational zones may indicate different types of soil, each associated
to specific kind of rocks. The contact between depositional and erosional
areas, or, in other words, between hilly terrain and fleodplain of river

deposits, is usually easy to follow on the imagery.

In geological mapping it is important to observe the
continuity of geomorphic or lithologic units which is fundamental in the

structural and geologic evaluation of an area.
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Identification of rock types from the MSS imagery is, for

the most part, impossible, because of

A, the Jow Tinear resslution capabitity of i35
(76-100 neters)

the absence of stereoscopic vision

raati
s
[

the small scale {1:1,000,000}.

wle
ade
-l
73

cuch scale also fails to present the minor or detailed

topographic features and the characteristic surface textures.

Based on the drainage pattern enalysis, tonal contrast and
vegetation deusity, ve can only give a roughly petrologic evaluation of the

remote sensing units even those units are mainly 1ithologic.

3.3 - STRUCTURE ANALYSIS

15§ imagery, becsuse of its extensive coverage, enables
the interpreicr to discover subtle topoaraphic differences over long
distarces. th's previding @ distinci advaniege for detincoting linear
features which are usually indicative of faulting. Fault interpretaticn

from M3S iwagiry is based on the foilowing main recognition cetecories:
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a) scarps, which are the most conspicuous and conmon fault -

indications.
b) topographic 1ineaments
¢) different 1ithologic units contacted with rather straight
or smoothly curved scarps
ather

d} different 1itholegic units contacted with & r

straight or smoothly curved linear feature

e) truncation of units along a 1inear feature.
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3.4 - STUDY PRGCEDURE

TMAGERY 1S AVAILAGLE IN THE i
FOUR ERTS DAHD |
g = $—vm -

B TR

e

| GEOLOSICAL MNALYSIS
USING THE FOUR BANDS
[ OF THE IMAGERY

R - —

STUDY LITERATUNL
COHCERIED

AN N T T
ray
! W TR Y

R B e S, Sl TR St g i) B T iR R

W RTINS

T W T T S S T LW SR L e LT T 4 T o lrd. B, 5

STUDY KOSAIC OF BAND 5

s gt A v

o e

P ———.

INFERENCE
WITH GEOLOGICAL PRINCIPLES

AT R ]

?- ALY T R A T s K W S < T i ®T = a -t o o —
| i
E PRELIVIIARY GEOLGGIC [1AP i
5 CONSTRUCTION |
- - : oo
= ORI s
¢ IDENTIFICATION ;
: FIELD CHECK b
t i
X ?

N TIR safan i BT AR B A B T B DR A S TR 10 TR W

H

A T L . I — AT TN mpl AT P——" Tt T

FIAAL INTEPPRETATION

™
prcisicd

o

[T
< irriam

Rl o A

¥
1 \‘
E ]
£ 4
- R L SRR

L

E—-‘—" L= - -..—c-n'—.c Aol T . Sl e A

.E

=T ] f_r} i !

K FIVFL QEPGRT t

L]
’ '

Ty . e B




I11.1 e

CHAPTER 1V

COMPARISON AMONG THE FOUR BANDS

-

4.1 - BAND 4
1 - Tonal contrast is not as.clear as in band 5
2 - Water bodies show uniferm dark gray or light gray
tones. Their boundaries are not clear and sometimes

cannot be distinguished from the vegetation

3 - Drainage patterns are shown but not ciearly
4 - Rémote Sensing unit boundaries are not as clear as
in band 5
5 - Topographic lineaments are not clear
6 - Highways and cities can be identified partly.

4.2 - BAND &

Tnis band is more valuable than the cther in terms of

geologic mapping.

i

1 -~ Tonal contrast is good
2 - The boundary of water bodies is very sharp and can
be outlined easily

3 - Drainage patterns show very well
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4.3 - BID 6

4.4 - BAND 7

- 18 -

4 - Remote sensing units can be distinguished, and their

houndaries can be traced
5 - Torographic jineanents show clearly

6 - Cities and highuays can be identified.:

1 - Tonal contrast is poor
2 - Hater bodies appear clearly

3 - Dyainage pattern is obscured

4 - it cannot be used for mapping lithologic units

5 - Topographic lineaments can be examined

5 - Cities and highways ave nbscured.

Tonal contrast is poor

-—
!

2 - Main river COUr:ses show clearly
3 - Drainage patterns rather obscured
4 - Remote sensing units can be distinguished

!
fopographic lineaments Can be examined

(2]
1

6 - Cities and highways are nnt shown cleariy

S

B

e 4 e SR s S i S

a e wm
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Table 1 - Comparison among the four bands

r\ )#
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CHAPTER ¥V

GEOLOGICAL INTERPRETATION OF THE UPPER

SKO FRANCISCO BASIN  ({1AP 1)

5.1 - REHOTE SENSIUG UNITS

UNIT A and UNIT B belong to the basement complex. Their
differentiation is chiefly based on difverent

tonal appearance.
The boundary of UNIT € is not clear.

linit o cisniays dars veay Ling, pioeinent touogranhic
features and i% contacts with other units by

erosional scarps.

UNIT E 4s differentiated from UNIT D by different

topographic features displayed.

UNIT F shows medium gray tone, even surface lexture and
wide-spaced dendritic drainage pattern.

BNITS ts].d Gy Gys G, and Cg are differentiated by such
different elements as: tonality, drainzge pattern,

surface texture, and so on (Plate 1).

UNIT G shows a spotied tonal pattern and wide-spaced

drainages. It connects with UilT 62 and URIT G4 as
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their cohtinuat{on. Therefore, UNIT G has the facies

change into 61,'82, G3, G, and Gs. {Plate 2).

UHIT H is discordantly overlaid on UNITS Gy . It shows

_Iight gray tone and dendritic drainage patterns.(Plate I)Q

UNIT J shows smoofh surface texture, light to medium gray

tonal pattern and well. spaced drendritic dreinage{HMates 1:253)

UNIT K is covered by dense vegetation (bare fields show
Tight tone) and is bordered by sharp erosional
escarpments: It is discordantly overlaid on the

units above mentioned (Plate 1}.

UNIT L denotes older floodplains which are developed on
both sides of the Sao Francisco River and
differentiated from UNIT M by straight and sharp

erosional scarps (Plates 2, 3 and 4).

UNIT I is distributed along both sides of Sao Francisco
River. This unit represepts younger floodplains,
on which, abandoned channels, sand bars, oxbow
lakes, and scars of former stream course are well

£
seen {Plates 2, 3 and 4)}.
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5.2 - THE AREA OF TRES MARIAS: A SUB-BASIN

The area of Tres Marias is surrourded by mountain ranges
and rolling hills. Numerous drainages, origineted from the surrounding
mountain ranges are all running down into Tres Harias dam. This minor

tectonic province can be identified on the MSS mosaic.

5.3 - FAULTS AND FRACTURES

Based on the recognition categories of faulting features
mentioned previously, numercus big faults zre shown on the geclogic map

by longer dashed lines. When identification is uncertain, these Tault or’

infnte arn chrim by rhamdaw dacbod 12
! - i) - o - ——_ L N el 1 11t ®
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CHAPTER VI

COMPARATIVE AMALYSIS BETWEEN INAGERY INTERPRETATION

- AND GEOLOGIC FIELD HORKS IN THE UPPER SAO FRANCISCO BASIN

6.1 - Oliveira, H.AM - contribuigﬁo a geologia da parte Sul da Bacia do
Rio Sio Francisco, e areas adjacentes (1967) Profiles BB',  CC',

DD', EE* and FF (Figure 6).

The main object of this geologic work was to delineate the

calcareous rocks of the Bambul Group and to study the possibility of oil

occurrence in the Sao Francisco Basin.

The pre~Cambrian rocks of Minas Series, distributed in the
‘north of Belo Horizonte, are correlated to Units A and B; the sandstones
of the bottom of Lavras Series to Unit D and the glacial, fluvio-glacial

and glacio-lacustrine deposits of the Jequital Series to Unit E.

The Unit G, north of Tres Marias, is correlated to the

dolomitic limestones and lutites of the Bambui Series.

The Units J and K, distributed in the northern corner of
the area, are_corre]ated to the Urucuia Formation. 0liveira described
this 1ithologic unit as a sequence of subaqueous and eolian clastic

deposits such as shale, arenaceous nudstene and argillaceous sandstones:
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" 1. Hasui, Y. (1968)

. Barbosa, 0. et a! (13937)
Ladeira, E.A. Brito, OFEA (1968
.'Pf]ug9 r. & Renger, F. (1973)

. Dipis (1967)

;. Braun, D.P.G. (1968)

! 0liveira, M.A.H. (1967)

G Branco, J.J.R. (1961)

Figure 6 ~ Geologic woris in the upper Sao Francisco Basin Area.
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0liveira also described that the top of the Formation is
highly silicified and this formation is djscordantiy overlaid on the
Timestones of the Bambul Group. The surface of discordance dips gently to
the east, from altitude 750 m in the-Geral de Goias Hountain Range down to

500 m near the Saop Francisco River.

That the writer divided this formation into two aerogeologic
Units (J and K) is based upon the different landforms, the different tonality,
and the different drainage patterns shown in the ERTS' MSS imagery mentioned
in the.previous chapter. Different landforms and different drainage patierns
reveal different erosional processes. Therefore, taking these characteristic;

into account it is possible to identify this formation in two mapping units.

Unit L is interpreted in this work as older alluvial

sediments overlaying on the Bambu7 Group.

Unit G, distributed near Pirapora, and Unit G4, along the
Indaii River, are correlated to the Tres Marias Formation. Oliveira described
the Trés Marias Formation as consisting of arkosic, sndstones, arkoses, some-

times fine grained greenish gray graywackes which are asseciated with

siltstones and slates.
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Unit F, distributed in the Hest of Carmo do Paranaiba,
corresponds at the profile to Santa Helena Formation,are mainly slates

(Plate 4).

Unit G, is correlated to Lagea do Jacare Formation, a
sequence of metamorphosed muddy siltstone, silty slates and dark gray

0b1itic Vimestones. g
6.2 - BASUI, Y - A formacao Uberaba (1988) Area 1 (Figure 6).

The part of Unit K, distributed in the southwestern

corner of the area, is correlated to the Uberaba Formation. According

oy f o L e s FRe—— o ). .
10 Hesul s RSO TLLTO Ll Sl VAT ST VIO ::‘.2.'2:‘.1_‘; cf voleanic

sandstone with calcite cement or green argillaceous matrix, siitstone,
mudstone, conglomeratic sendstone and conglomerate. 0tiveira {196%)

tates that ail the plateaus or mesas ¢istributed in the southern part

W
U

of the ares of study from Carmo do Paranaiba to Pirapora are of this
formation. This lithologic unit is unconformably cverlying on- the

candsione layers of the Areacds Group vihich is correlated to tUnit M

6.3 - LADEIRA, E.A. & BRITG, O.E.A d¢ ~ Contribuicao a geologia do
Planalto da Hata da Corda, Area 2 (Figure o] fececording to Ladeira
et al., the Areado Group consists of toree ntions: Phéeté =
eolian seandstone, Quirico - shale and mudsicre, and Tres Barras -

sandstone. Unit H is correlatec to the Tros Barras Formation.
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Ladeira et al. designated the tuffe and lavas which ecre overlying

on the Tres Rarras Formation as Mata da Corda Group.

“gem $E do Craton

F - A evolugac geologica da ma
4

6.4 - PFLUG, R & RENGER,

<30 Francisco (1973) Area 4 {Figure 6).

An advanced copy at the geologic map of the Serra do

Espinhago wWas used to compare with the photo~1nterpretation. Due to the

complexity of the geology in t
. the sane detail as the map. Other

did not shov
band 5 imagery to discriminate phyllite (1ight gray tone

his area, the resultant photo interpretation

wise, it was possible with

y from quartzite

(dark gray tone) of tﬁe Minas Series (Unit D), distributed along the

wostorn scarp of the Serra do Espinhacc.

In general, Units A, B and C are correlated to pre-iinas

basement rocks, mainiy gneisses and granites; Unit E is correlated to
Mocaliba Group, and Units &, and G, are correlated to Bambui Group.

-

6.5 - DIPH - Folha de pirapora MG. Area 5 (Figure 6).

1
The Unit G, distrib

sas of the pambul Group. The Unit L

qted in ‘the east of Pirapora, s

rorrelated to the slates and arko

according to the geologic map of the area, corresponds to older
alluvial sedimenis overlying on the pambul Group; the Unit K is

correlated Lo the Hacaubas Group 2

and phyllites of the Minas Series, as mentioned before.

and the Unit D corresponds to be quartzi

B L R TE
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6.6 - BRAUN, 0.P. - Contribuicdo a estratiérafia do Grupo pambui {1968).

Area & (Figure 6)

There is the following correlative relationship between the
imagery and the geologic map prepared by Draur. The Unit G, distributed
near the Paracatu River, is correlated to the Tres Harias Formation,
which was described by'Braun as a sequence of arkose, micaceous siltstone,
ciltic grawacke and arkosic sandstene. Tae Unit L and G, distributed
southwardly, are correlated to the Paraopeba Formation, both carbonatic
and clastic rocks. The Unit F, distributed in the avea west of Carvio do

Pavenaiba, is correlated to Paraopzba Formation, but the contact hetween

this Formation and the granite and gneisses wasn't observed in the imagery.

6.7 - BRANCO, J.J.R. ed. - Roteiro para a Excursao Belo Horizonte -

Brasilia (1961) Profile ca' (Figure €).

The profile, mace by Branco along the BR-040 highway and
presented at the Congress of Heology neld in Belo Horizonte, was used by
the euinors te e;tabWish a corpelation. The lower boundary of the Sambui
uroup, in contact with granitic rocks in she north of Belo Horizoente znd
the upper boundary‘in contact with cretacecus candstonzs, at west of
pbaste River, tz:eldu]ineated thoroughly by Lhe interpretation of the

imagery.




1171 o

Otherwise, 1t was not possible to correlate the remote

sensing Units Gl’ GZ’ 63, Gq, I and L to the lithologic units mapped by

Branco.

6.8 - BARBOSA, O. & OPPERHEIli, y. - Scbre a geclogia da Bacia do Sao

Francisco no norie de ilinas Gerais (1927) Area 2 (Figure 6).

An extensive preliminary geological survey was held by

Barbosa in the .Sao Francisco Bagin, {rom Belo Horizonte to Rio Carinhanha.

The limestone of the Bambul Group is correlated to Unit G and the

continental sandstone of the Baury “Series” is correlated to Units J and

K.
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CHAPTER VII

GEOLOGICAL INTERPRETATICH OF THE REGION OF FURNAS DAN (MAP 2)

7.1 - REMOTE SENSIiG UNITS

UNIT A and B arc basement compliex separated mainly by

tonality, the former shows darker and the latter

brighter (Plate 5).

UNIT C shows gray tone and dendritic drainage pattern (Plate 6).

UNIT D is unconformable overlaying on UNIT C, foided and

faulied independantiy. It shiows even surface textur

N
o

and prominent uplands and flat ridge landforms (Plate 6).

UNIT Eqs Ess Es and E, are separated by their different
gray tonz, drainage pattern, and the vegetation

distributed. Thes2 units are 1 unconformable contact

with Unit ¢ (Plate 6).°

Uit Fi is easily separated from UNIT B because of the

followirg elements (Plate 5).
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L UNIT_B.

it

lighter gray tone darker gray tone

wide-spaced drainzge pattern  no drainage

smonth surface textuve rough surface texture
cuilivated tess cuitivated

UNIT F2 shows darker gray tone, wide spaced drainage pattern

and less culiivatien (Plate 5).

UHIT B appears topograpaiveliy higher thar the surrounding
terrain and car be cutlined by the erogsional scarps.
1t also shows davker gray tone end rough surface

teyture fFlates 5 wnd €},

UNIT o shows a circu]af Foature. It is covered by thick

soil (Plate B},

UHIT G can be separatec from the surrounding terrain by the
drainage pattern. On URIT G, quiliss are much chorter

{(Plets 6).
UHIT H shous linht oray tone and dendritic drainage patiern

{Place G).
URIT 1 shows dark gray tene, smooth surface texiure and

tablc-land itopograyhic feature fringed with erosional

cCarys (P1ate 53.

UHIT O shows groy *one end even surface texture. 1t is
unconformably overlying on the units

(Flates 5 and €).

mentioned abov

e
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7.2 - TECTONIC PROVINCES

The area north of the Furnas Dam belengs to S3o Francisco
Basin. This sedimentary basin gnnnecis with basement complex by & big

transverse fault zone as shown in the Geologic Map.

The margin of the Parana Basin extends to the West of

Pocos de Caldas.

7.3 - FAULTS AND UNKNOWN_CIRCULAR FEATURES

Based on the recognition categories of faulting features
mentioned previously, numerous big faults are shown on the geologic map

by longer dashed lines, and fractures are shown by shorter dashed lines.

There are many previously unknown circular features in the

area of the Basement Complex.
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CHAPTER VITI

COMPARATIVE ANALYSIS DETHEER IMAGERY INTERPRETATION

AHD GEOLOGIC VORKS IM ThE FURNAS DAM REGION

£.1 - BARBOSA, 0. et al - Geologia da regide do Trianguln Mineiro (1970)

Area 1 (Figure 7).

The geologic map of the Araxa Quadrangle was used by the

authors to correlate to the imagery interpretation.

The Units C and D are correlated to the Canasira

frexd and Ibi? Group. The Uaits E3 anc 54 are corr2izted to the Paracpede

Formation which was described by Barbosa as slate, siltstone and

caleareous argiliite. The lower boundary of the Areado Formation {(Unit 1},

in contact vith the Pambuil Group, was located along the erosional scarp.

8.2 - Institutn Geografico e Geologice - Mapa geoldgico do Estado de Sao

Paulo {1963) Area 2, (Figure 7)

The boundary between the Parana Basin rocks (Unit F]) and
thie rocks of the basement comnles (Units A and 3) is evident in the
imagery and coincides thuoughly with the geologic map. Unit F1 is

corretated with Tubarao Group and Unif B, to intrusive basic recks .
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Figure 7 ~ Geologic works in the Furnas Dam Area
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8.

metamorfic rocks, mainly gneisses, wnich

-~

-

- OLIVEIRA, M.A.F. de ~ Ge

- 35 -

logia e petrologia da Regiia de Sao Jose

do Pic Pardo, Estado d2 S3o Paulo {1972} Area 3 {Figure 7).

This woerk represents a deiatled petrographic survey of

~re correlated to the Unit B.

e e et 2
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Table 3 - Correlation of the Remote sensing Units to the Geologic Mapping
Units in the Region of Furnas Dem
BARBOSA, 0. et. 1GG OLIVEIRA
atii. (1970) {1963) M.A.F. de (1972}
; :
I Areado‘F.
H
G
o Alkaline Iﬁtrusive
Rocks
8 Diabase
Fs 1  Pparacpeba F. Tubarao G. e
Fy (Bambul G.)
| B
£3
E2 .
E
D ibia G.
Canastra G.
¢ Araxa G.
B Pre~Cambrian Gneisses
A i Pre-Canbrian
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- REMOTE SENSING APPLICATIONS FCR GEOLNGY AND MINERAL RESOURCES

IN THE BRAZILIAN AMAZON REGICN

GILBERTO AMARAL

Instituto de Pesquisas Espaciais (INPE)
* Sao Jose dos Campos - S.P.

Instituto de Geociencias -
Universidade de Sao Pauio - S.P.

Sac Paulo - Brasil

ABSTRACT

The utilization of ERTS-1 and SLAR imagery for geological
mapping and prospection of mineral resources in the Brazilian Amazon
region is discussed. The repetitive capaﬁility of the ERTS system
has proved successful for obtaining an almost compiete cloud-free co-
verage for the 5 million sq.km. of that region. Extensive comparison
between both systems has shown that the multi-spectral data of the
ERTS-1 program has higher capabilities for those objectives, since it
gives similar amount of structural information, but gives a larger
amount of lithological information. Some large mineral deposits and
highly prospective geologic units, such as the 17 billion tons iron
deposits of the Serra dos Carajas District and the tin bearing cir-
cunscrite granites of the Xingu River Valley are clearly discernible
in the ERTS-1 imagery. With aid of the remote sensing data, and us-
1n§ literature analysis as ground truth, it was possible to made a
geological map of the region, at a 1: 5 000 000 scale, in about three

months.
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INTRODUCT 10N

The objective of this paper is to demonstrate the applica-
bility of remote sensing techniques to geological and mineral forecast
mapping in the Brazilian Amazon regfon. A §jscussion on the perform-
ance of side looking airborne radér - SLAR (Radam Project) and multi -
spectral scanner (ERTS-1) imagery for such purposes will be prQSGnted.

In the selection of examples, emphasis was given to their
geolcgical interest, instead of the technical gquality of thé data. For
tnat motive the Serra dos Carajas. Rio Fresco and Roraima regions were
selected.

The technical aspects of the SLAR system used by the Radam
Project were discussed by CRAIB (1972), GOCDYEAR AEROGSPACE CORPGRATION
(1971), GRAHAM (1971) and PETERSON (1971). fFor the ERTS system, the
readeré are referred to the ERTS Data Users Handbook (GENERAL ELECTRIC
1971).

Briefly, the SLAR system was a modified version of Good-
year Aerospace sinthetic aperture radar model APQ - 102 T, working 1in

~ X-band (9.6 GHz). The aircraft's flight height was about 11,000 m, and
a 37 km wide terrain strip was imaged continuosly. The illumination
angles ranged between 450(near range) and 130{far range). The scale of
first generation products was 1: 400 C00, with an expected resclution
of 16 m. The ERTS-1 satellite is in a circiular orbit 920 km above the
surface and with an inclinatior of 95°. The corbit's plane is sun-syn-
chronous-which permits observation of the whole earth at approximately

the same local time. The main sensor system is a Tour channel milti-
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spectral scanner, operating in the following regions of the electro -

magnetic spectrum:

Channel 4 - 0.5 to 0.6 micrometers
Channel 5 - 0.5 to 0.7 g
Channel 6 - 0.7 to 0.8 “
Ghanel 7 = 0.8 t0 1.1

Each of the two remote sensing systems has its peculiar
characteristics. 'The ERTS channel 5 image enhances cultural features
and extent of vegetation cover. Channel 7 images are usually of alight
er tone due to the vegetation high reflectivity in the infrared re-
gion, enhancing the morphology and drainage péttern. SLAR images exhib
it very well the terrain morphology, as a result of the low 111umjna—
tion angle. .

Densitometric measurements indicate that radar images have
a small dynamic range when compared with those of ERTS,the former with
4 - 5 and the latter with 10 - 18 (for each channel) gray tones. This
Titho

is the main reason for the better performance cf ERTS imagery in

A

logy identification.

In the case of structural interpretation, three factors
mist be taken in account: morphology, drainage pattern and sharp con-
tacts between different 1ithoiogies. For the first one the superiori-
ty of SLAR images is out of question. However, careful examination of
ERTS channel 7 images can lead to similar results. Moreover, as the
shadowing is uniform in the case of ERTS images, the apparent morpno-
logy is closer to reality, reducing interpretation errors originated

by the variable shadowing typical of radar images.
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For drainage analysis the SLAR images present ‘some problems
due to the excess or lack of shadowing, respectively in high relief
and plane areas. With the exception of permaznent rivers, it is usual-
ly difficult to integrate the drainage lines in radar images. ERTS

‘channel 5 and 7 are exceilent for drainage analysis, even in  heavy
vegetated areas. Rivers and creeks show up very well in channel 7,
even when small and covered by jungle ("igarapes"). In this case, the
excess of water causes a decrease in the density of thé forest,result-
ing in a carker toned zone. When dry, the rivers are well marked 1in
channel 5 due to the lack of vegetation cover and exposition of  the
bottom.

The distinction of structural features by sharp contacts
between different lithologies is almost exclusive of ERTS imegery. it
should be mentioned here that multi-spectral and false color photo -
graphs taken by Redam Project present several similarities with ERTS
images. However, due to heavy cloud cover and lack of repetibility

near 60% of these photos could not be used.

DISCUSSION OF RESULTS

A - Serra dos Carajas Region

The ERTS channel 5 and 7,-and respective SLAR mosaic  are
shown respectively in figures 1, 2 and 3. Figure 4 presents the corre-
sponding geologic map, obtained by interpretation of ERTS imagery with
aid of field data. The main comments are:

1 - Channel 5 of ERTS is excellent for the delineation of features re-

sulting from human occupation (reads, farms, etc.), cloud coverage
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and main drainage lines;

The low vegetation areas (“clareiras™) deve?oped over the ircn de-
posits of the Serra dos Carajas District are perfectly shown in
both ERTS images, but not in the radar mosaics;

ERTS channel 7 is excellent for drainage pattern analysis, even
when the rivers are covered by jungie. In this image there is so-
me penetration through cloudiness;

The Tlarge unconformity existing between the Tocantins and Serra
dos Carajas Groups is clearly shown by ERTS channel 7 and SLAR mo-
saic. It is due to a thrust fault striking N-S and dipping 40°E;
The several geologic units shown in figure 4 were identified by

its spectral, morphologic and structural expression.

Roraima Region

Figures 5, 6, 7 and 8 show, respectively the ERTS channels

5 and 7, the SLAR mosaic, and the corresponding geological map (ob -

tained by interpretation of ERTS imagery with aid of field data), for

the northernmost portion of the Roraima Territory and adjoining por-

tions of Venezuela and Guyana. The main comments that can be made are:

1 - The duminat vegetation is of savanna type (“cerrado"), which re-

sults in a better definition of different features in channel 5
image, as opposed to the corresponding image of the previous exam-
ple. In such conditions this image allows excelient lithologic
and structural interpretation;

Amazonic type forest occurs only in the west part of the region ,

and appears black in channel 5 and nearly white in channel 7 of



111.3

ERTS images;

An intermediate type of vegetation is developed over soils derived

from granites aﬁd basic rocks. Vegetation on the alluvial plain
is almost non-existent;

A mottled texture and curved lineations_gharacterize areas of oc-
currence of volcanic rocks; -

A dike swarm of Mesozoic age is conspicuously shown by ERTS chan-
nel 5 image;

A fault of probabie Quaternary age is clearly discernible 1in the

southeast portion of .the region, affecting the .alluvial sediments,

in both ERTS images, but not in the SLAR images.

Rio Fresco Region

Fignres 9, 10, 11 and 12 show. resnectively, ERTS channel

5 and 7 images, the SLAR mosaic and the corresponding geologic map for

the

Rio Fresco region, in the southern portion of the Para State. The

main conments. cerived from the analysis of the remote sensing data,

are:

1 -

The Gorotire Formation (sandstones) is perfectly identified on both
ERTS images, due to-its spectral characteristics: In the SLAR mo-
saic it is delineated by its morphological expression, but not so
well as in the former case;

The iron deposits of the S3ac Felix District are distinguished in
the same way of those of the Serra dos Carajas region, and cannot
be identified in the SLAR mosaic;

Two different granite types can be individualized in ERTS images
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by their spectral characteristics and shape of the 1ntrﬁsion. One
exhibits a Tight tone in channel 7, a dark tone in éhanne1 5, and
irreqular boundaries. The other has opposife tonal charactgristiﬁ
and well delineated boundaries, which present a rounded shape. The
former are associated with the volcanic rocks of the Rio Fresco
Formation. The latter are younger and, in two cases, are mineral-
ized in tin;

4 - The volcanic rocks of the Rio Fresco Formation are characterized by
a mottled texture in ERTS channel 7 image. The sediméntary rocks
of this unit exhibit a light tone and uniform texture;

5 - A dike swarm cutting the Gorotire Formation is clearly discernible

on both ERTS images, but not in the SLAR mosaic.

CONCLUSIONS

The examples presented above are self-explanatory and do
not need detailed discussion. They demonstrate the applicability of
remote sensing techniques to small scale geological mapping and  min-
eral prosnecticn in the Amazon region.

If remote sensing data is used from' the initial stages Iof
systematic geological mapping programs, it will result in the optimi -
sation of field work, and therefore in a significant reduction of cests.

With the objective to elaborate a synthesis of the Pre-Cam
brian geology of the Amazon region, the author interhreﬁed about 120
SLAR mosaics and 80 pairs of ERTS images in about three months (AMARAL
1974). Ground truth data were provided by literature analysis and daa

collected in previous field work. During the work emphasis was given
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only to those features relevant to the problem and representable in a
1: 5 000 000 scale. It is the author's opinion that for such purposes
the ERTS images are much more effective than SLAR mosaics. In the case
of Brasil, one square kilometer of ERTS imagery costs about USS 0.15 ,

-which includes the costs of acquisition and maintenance of our ground
receiving aﬁd processing system. The costs of SLAR 1magery_acquisition

are approximately US$ 5.00 per sq.km.
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~...~Figure 3.-.Side looking airborne radar mosaic for the Serra dos Carajas,
Para State, Brazil.
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Figure 4 - Geologic Map of the Serra dos Carajas region obtained by interpretation
of ERTS-1 images and field data. Conventions: 1-Laterite crusts (canga)
associated with iron deposits; 2:Phanerozoic rocks; 3-Diabase dikes;
4-Gorotire Formation; 5-Tocantins Group; 7-Serra dos Carajas Group;
8-Cristalline complex; 9-Faults (in general); 10-Thrust faults;11-Contacts
12-Lineations; 13-Roads; 14-Rivers.
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Figure 5 - ERTS-1 band 5 image for the northern part of the Roraima
Territory, Brazil.
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Figure 6 - ERTS-1 band 7 image for the northern part of the Roraima
Territory, Brazil.
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Figure 7 - Side looking a
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Figure 8 - Geologic map of the northern part of the Roraima Territory, obtained by
interpretation of ERTS-1 images and field data. Conventions: 1-Alluvial
deposits; 2-Diabase dikes; 3-Basic dikes; 3-Basic intrusives; 4-Roraima
Formation; 5-Granites: 6-Volcanic rocks; 7-Contacts; 8-Lineations;
9-Faults; 10-Villages; 11-Roads; 12-Rivers; 13-International boundaries;
14-Limits of cloud coverage.
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Figure 12 - Geologic map for the Rio Fresco region, obtained by interpretation of
ERTS-1 images and field data. Conventions: 1-Alluvial deposits;
2-Lateritic crusts associated with iron deposits; 3-"Younger" granites;
4-Diabase dikes; 5-Gorotire Formation; 6-"0lder" granites; 7-Volcanic
rocks of the Rio Fresco Fm.; 8-Sedimentary rocks of the Rio Fresco Fm.;
9-Diorite intrusions; 10-Serra dos Carajas Gr.; 11-Cristalline complex;
12-Contacts; 13-Lineaments; 14-Faults; 15-Rivers; 16-Cloud coverage
Limits.
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Dear Dr. de !lendonca:

In -aécordance with the Provisicns.for Participation in the NASA LARDSAT
b

(ERTS) Project, a review uas made by the i
~asentad the completion of the

of the Type III Final Reports which represente
Institute for Srace Reszarch's (I1PE) multidisciplinary program for tne
study of LANDSAT imagery. The volune of the reports demonstrated that
an in-depth study of the utility of this imagery was mede. It was noted
that the large amount of inTormation produced by the tiree Principa
Investicators was screzned and combined into a single vepert. This is
an excellent mechanis for cataloging the relevent results of the INPE
program. It effactively devonstrztzd tha cutstanding contribution of

ti

0 o
]

tors to the LANIDSIT program.

[{= K
LU et

the Brazilian inve

Fo

In his review of the Volume
Gama de Almsida) investigati i

was a complete, well prapared and vell organized report with an appro-
priate format that adequataly addressed each of the objectives outlined

in the original proposal. The report gives 2 good introduction to the
investication and touches 1lightly on the interaction of LANDSAT, Nimbus,
Apollo-8, and Skylab video data products. Elaborate background informa--
tion is sunplied for each study area. Excellent use is made of trans-
parent overiays on the LANDSAT images. The major detriment in this
.chapter is the lack of an intreductory map of Brazil showing the locations
of the five test sites.

o f
e (D

1 SEA PESOURCES (CF Emmanu
on, the Scientific lonitor stated that it
d yd

3
42
Li

Unfortunately, there are 3 number of content deficiencies that should be
corrected before the Final Report is submitted. These are:

' oference is made several times to MSS channel
ly a channel 5 image-is included in the text.
is duplicated on pages 24 and 28. Is this in

- D
£

- a
4, 5, and 6
In fact, channe
errar?

ge 3
inzagery but on
o] 5 imagery

¢ Page 45, first paragraph: Last sentence, #1500 m" should read
15,00 m". . .




Broderick to Dr. de llendonca

2 L}
¢ Page aaranh:  Auther refers to oceanic tides of '
the “"daytine srohabiy means "diurnal - a tide having only
one high wal :ter zach tidal day (every 24.84 hours)". |
3 £2: Reference to Fig. 11,20 and 11.22 is made
by stacing s date of the image, 26 June 1973. Reference to
this iilustretion sho o by Fig. number. Hear bottom of page 56,
reverence 1o this Fig. is 26 July 1973. One of these must be incorrect.
¢ Pacz 52, Faragrach II.3.1: The first sentence in this paragraph
naeds claritication.

e Page 76, Paragraph 11.3.5.3: Reference is made to a blowup of
Guanabara Bay showing river cdischarges. HNo LARDSAT image is included to
show this impcrtant result.

e Page 81, third rarcqr**h, line 3: “the isolina of 350 surface
salinity" should be “ischaline of 35 0700 "since salinity is measured in
parts per thousand (0/00).

¢ Page 88, third paragraph: Reference is made to items B, C, and
D in Fig. I1.32 but not to item A.
In his review of the Volume I, Chapter ITI, MINERAL RESOURCES (Dr. Gilbarto
Amaral) Invabtigation, the 5C1 ntific lMonitor stated that it represented
a detailed and well illustrated report with an appropriate format that
addressed riost of the objectives outlined in the original proposal. An
objective not addressed was the proposed study of the "main geotectonic

L

units of cen 1 and southern Brazil and the1r relation to known mineral
deposits". Mo disc
these mineral deros
the "establishmer
for specific prob

ussion of the application of the structural data to
ts was made. In addition, no information regarding
f the best parameters for aircraft mission planning
s" vas presented.

In addition, there are some content deficiencies that should be corrected
before the Fwnai Repert is submitted. These are:

8 Page 114, line 12: The sentence "The main differences...” is not

a complete sentence.
o Page 114, line 22: ‘geologists who have"
e Page 115, 1ine 8: ‘"implementation of software...”

¢ Pags 117, line 19: "... has surveved..."
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€ P{—I-:]'.‘_' '1-", 1inz
jmagery alona.”
¢ Page 122, line
o Page 123, line
¢ Page 123, line
cost ahout..."
¢ Page 123, line
the SLER rztio.

with

9 Page 125, line

¢ Page 126,

APPEI'DIX III

¢ Page 13, line i

6 Page 25, line 1
next word, “they" should

¢ Page 25, 1ine 1

¢ Page 26, line 2

al Pege 26, Tine 1

¢ Page 27, line 1

¢ Page 28, line 7:
o Page 31, line

¢ Page 31, line 1

.
1
s were used."

2G: "... were spent for the acquisition

e 7y ... diagnosis..."

11, 12: ‘“costs about US $0.15 while the... have
16: "cost/effectivensss ratio... when compared
21: "Cambrian age"

3: "...the previously available man."
11: “...geological community."”
1

", ..cost/effectivenass...'

8: Should reaa: ”0n1§ conventional photo-

§: Mdifferent”

o

he the first word of the following sentence.
g: "fine grained”, "grayyackes"

: “are mainly dates"

1: Margillacepus", “sii}g&pne“

:. ”Ladéira et al”, "desianated"

"graywacke and arkosic sandstone. "

3: ",..separated mainly gx_tonaiityi,..“

2: ",..are in unconformable contact with..."

of the

A-period should follow "differentiation." Th

(=1
-
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¢ Pace 32, line 21: "It is unconformably overlying the units
mentioned above." : .o .

& Page 33, linz 1: "“The area porth of the Furncs Dam balongs to..."
(no conma needad). .

&- Page 2%, line 16: “Lharoughly®
vy peference js made to Plate 2 in the texi. Alsa, the plates are referrad
to in a rendon order (Flate 3, Palte 1, Piate 1, Plate 4, etc. ).
fdditionally, the plates shouid =1low dmmediately after the first refer-
enca to them, rather than being grouped together at the end.
Map 1 should follow after the first rcference to it on pebe 20, Likewise,
Man 2 should Tollow directly after on page 31.
In his review of Yolume II, Chapter IV, $0IL PESOURCES (Dr. Fernzndo
de “ondonca) the Scientific lonitor stated that this report completed the
analyses relsvant to the stated objectives of the 1nvest1aattoﬁ The
investigation went a long way in jdentifying promising and e concniical
applications of renctely scnsed sarth resources data in the field of
aoronony. Tecnuiaal details in the Torm of LANDSAT imaging illustrations,
everlays, and maps were amply broviced. In addition, the usefulnsss of
LALDSAT ima ery in other discinline areas of land use nd demographic

giie

g ) an
studies was e.p]ored. U110rLUWaLely, th; study is labeled as ﬂve11"1n iy

b

L

The content deficiencies that should be corre ected before the Final Report is
sutmitted are:

¢ Page 141, Paragraph 1V.2.4.3.6: This statement needs clarification.
¢ Page 145, Paragraph IV.2.5.3.4: This statemeént needs clarificaticn.

V.7 OnTy 4 area types are described in the
types are discussed in the accompanying text.

¢ Page 150, Fig. IV.&: Mo refeﬁﬁé&e is made to this Fig. in
the text. Su
e Page 151, Paragraph IV.2.6.3.2: This statement needs ciarification.

e Page 155, Paragraph IV.2.7.2.3: There is @ discussion of the
Parana River but 1t is not designated in Fig. IV.9. ;

e Page 161, Paragraph 1v.2.8.2.5: This statement needs clarificaticn.
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¢ Page 177, line 16: Rezfernece to Fig. 1V.20 should be
Fig, 1V.21.
s Page 179, S::t1C‘ W32 2 2.1 Legend: It is unfortunate that
the terms tearrado”, "cerradao etc. were not defined earlier in the
text.

se comments into your draft
1na1 Report to:

*T'If.n

Will you kindly consicer

incorporat
before sutmitting eight (3)

in
copies of th

Goddard Space Flight Center

Gree u“ﬁlt. taryland 20771

Attn: Scientific In westigation Support
Code 902.6
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hunes C. Broderick
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