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GRAVITY SURVEY OF THE PANTANAL WETLAND:
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A gravity survey was conducted between 1988 and 1993, mostly during the dry season (july to october)
in the Pantanal Wetland and surrounding highlands, aiming to obtain afirst regional gravity coverage.
The Pantanal Wetland is an important geomorphological unit extending from -54° to -59.°, east-west,
and from 14° to 23°, north-south, in SW Brazil. The topography ranges from 80 m to 200 m above sea
level within the plain. A total of 3,662 gravity stations were collected. Because of the difficulty in
accessing theflood plain, apart from conventional ground survey, fluvial and air routeswere used inthe
field dataacquisition. The dataacquisition procedure isdescribed in detail and adiscussion onthefinal
gravity anomaly accuracy is presented. From the total number of stations, 7 stations belong to the
Fundamental Brazilian Gravity Network, 1,886 gravity stations were obtained on bench marks, 1,505
stations were set up together with barometric levelling or the altitude was estimated from topographic
maps in places with smooth topography (horizontal gradient < 0.5 m/km), 237 stations were collected
along the main rivers and 33 stations using aircraft.
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LEVANTAMENTO GRAVIMETRICO NO PANTANAL MATOGROSSENSE: AQUISICAO E
PROCESSAMENTO DE DADOS - Umlevantamento gravimétrico foi conduzido entre 1988 e 1993,
principalmente durante o periodo de séca (julho a outubro) no interior da planicie do Pantanal
Matogrossense e planaltos vizinhos, com o objetivo de obter uma primeira cobertura gravimétrica
regional. O Pantanal Matogrossense € uma importante unidade geomorfol dgica que se estende entre
54° e 59° W, |este-oeste, e entre 14° e 23° S, norte-sul, no sudoeste do Brasil. A topografia varia entre
80 me 200 macima do nivel do mar no interior da planicie. Umtotal de 3.662 estacdes gravimétricas
foram coletadas. Devido a dificuldade de acessar a planicie de inundacdo, além do levantamento
gravimétrico terrestre convencional, acessos fluvial e aéreo também foram utilizados na aquisi¢éo
de dados de campo. Os procedi mentos de aquisi¢cao de dados sdo descritos em detal he e uma discussio
da precisao sobre a anomalia gravimétrica final € apresentada. Do total das estacfes gravimétricas,
7 estacOes pertencem a Rede Gravimétrica Fundamental Brasileira, 1.886 estactes foram obtidas
sobre referéncias de nivel, 1.234 esta¢des foram medidas em conjunto com um levantamento
barométrico ou a altitude foi estimada a partir de cartas topograficas em locais de topografia suave
(gradiente horizontal < 0,5 m/km), 237 estacGes foram coletadas nas margens dos principaisrios e
33 estacOes utilizando uma aeronave.

Palavras-chave: Levantamento gravimétrico; Pantanal matogrossense; Anomalias Bouguer.
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INTRODUCTION

Regiona gravity surveysarefundamenta datain
applicationsranging from natural resourcesexploraion
to geodesy and geodynamics. In Brazil, several
ingtitutionsareresponsiblefor conducting systematic
and long term gravity datacollection (see Saetd.,
1993; Molinaet al., 2000 for references). However,
adesired high-resolution (<5 km) coveragefor most
of Brazil isfar tobecompleted. Theaverageresolution
of theregional gravity mapsin Brazil isnot better than
10 km, with large areasin thewestern and northern
partsof the country completely devoid of gravity data
Since the initial stages of regional gravity data
collection, | AG-USP adopted the procedure of setting
up thegravity stationson bench marks, named asRN
by the Ingtituto Brasileiro de Geografiae Estatistica-
IBGE and Diretoriado Servigo Geogréfico do Exército
- DSG, dongthemainroads. Altitudesof bench mark
areobtained using geometric leveling with centimeter
accuracy and spaced every 2-3 km. Most of the
availablebench marksin Brazil are presently gravity
stationsand thisroutine of gravity dataacquisitionis
still used whenever a new line of bench marksis
established.

The prospect to improve the regional gravity
coveragein Brazil isvery promissingwith theuse of
differential GPS systems (DGPS) for altitude
determination. However, the convertion from normal
to orthometric altitude depends on having a high-
resolutionloca geoid modd, whichinitsturn depends
on gravity data. Therefore, to make full use of the
GPStechnol ogy, one must start from basic regional
gravity information.

Inthe present paper wedescribethegravity data
acquisitionin the Pantanal Wetland and surrounding
highlandswhichresultedina5 x5 Bouguer anomaly

map. Theregional and residual mapsare also shown
and qualitatively discussed.

Theregiona Bouguer gravity map of the Pantana
Wetland has already been used in tectonic studies
(Shiraiwa, 1994; Ussami et d., 1999) andinthegeoid
map of Brazil (Molina& Ussami, 1999) to study
thermo-mechanical propertiesof the South American
lithosphere.

GRAVITY SURVEY

The present gravity data distribution in the
Pantana Wetland and surrounding highlandsisshown
inFig. 1.

Fundamental Gravity Networ k

Thegravity densification survey in the Pantanal
Wetland used 7 gravity reference stationsof the RGFB
(Rede Gravimétrica Fundamental Brasileira, ON,
1987) whichisreferred to the IGSN71 (Morelli et
al., 1971). Thestationsand their gravity valuesare
listed in Table 1 and the stationsareshowninFig. 1
asfull squares.

Second Order Gravity Network

Dueto the extent of theregion to be surveyed
andthedifficult condition of vehicledidocationwithin
the Pantanal Wetland asecond order gravity network
was initially established to tie the gravimeter
measurements to a gravity network within the
maximumtimeinterva of 48 hoursinorder tominimize
insrumental drift effect.

For thispurpose, three Lacoste & Romberg G-
typemodel gravimeterswere used: the G-454 from
Instituto de Astronomia, Geofisica e Ciéncias

Localitsy

g (mGal)

Crighd “C7

PIE347 35

Rondondpolis “B

078,359.90

Catrpo Grande “B™

072,435.11

Porto Espendiio “B”

07232601

S8 Gabriel d"Oeste “B™

978,407 25

Céneres “C7

978,353.07

Coxirn “B”

978,456 03

Table 1 - Fundamental Brazilian Gravity Network (ON, 1987) used in the Pantanal gravity densification survey.

Tabela 1 - Rede Gravimétrica Brasileira Fundamental (ON, 1987) utilizada no trabalho de densificagdo gravimétrica no Pantanal

Matogrossense.
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Figure1- Distribution of gravity stationsin the Pantanal Wetland and surrounding highlands. Full squaresare RBG stations, full triangles
the second order gravity network, crosses are the stations on bench marks, full circlesthe stationsalong the mainrivers, full small triangles
the stations set up using aircraft, open circles densification gravity survey using barometersand altitude estimated from topographic maps.

Figura 1 - Distribuicdo das estactes gravimétricas do Pantanal Matogrossense e planaltos circunvizinhos. Quadrado cheio séo as
estaces da RBG, ostriangul os cheios as estacdes da rede de segunda ordem, cruzes as estagdes sobre referéncias de nivel (RN), circulos
cheios as estagdes nas margens dos rios, triangulos pequenos cheios as estacoes utilizando aeronave, circulos vazios as estacdes de
densificacdo com altitudes obtidas por barometria ou a partir de cartas topograficas.

Atmodféricasof Sao Paulo University, theG-613from
thelngtituto de Geociénciasof BrasliaUniversity and
the G-881 from Ingtituto de CiénciasExatasedaTerra
of Federal University of Mato Grosso. The
measurements were carried out following the
internationd standard recommendation for reference
network. Gravity measurementswere processed using
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the software REGRAV (S84, 1994) which converts
gravimeters readings into acceleration (mGal),
eiminatesingtrumenta drift and lunar-solar tidesusing
Longman formulaand converts station coordinates
from Corrego Alegre into the SGB (Sistema
Geodésico Brasileiro) and WGS 1984 into SBG.
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Marne of InJean Value Standard Murber of
Station (mCral) Denvdation (Fal) | hleasurements
Barra dos Bugpes “C7 7830583 0013 5
Barra dos Bugres "B Q78 208 54 0oz 3
Diarnanting “C"° 78 253 ad 0.044 f
Diaranting “B" 78250132 0.044 f
Pocong “B” orea17.14 0059 f
Pocong “C™ o7e 417 A0 0.040 f
Lpmidanana “B7 OTEA1Z2 53R 0.04% 4
Lupmidanana “C7 oTe Al 0d 0.044 4
Miranda =™ QTR AA005 001E 4
Miranda “B™ o7e a20.00 0029 4
Curva do Lecue 78 589 A0 0034 4
Coniraba “C™ o7E 5al.10 nola 2
Coniraba “B” 78 561 52 0044 2
Sonora oTE.ET 02 0022 2

Table 2 - Average of gravity measurements in the second order gravity network in Mato Grosso and Mato Grosso do Sul states. Values

inmGal.

Tabela 2 - Média das medidas de gravidade na rede gravimétrica de segunda ordem implantada nos estados de Mato Grosso e Mato

Grosso do Sul. Valores em mGal.
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Table 3 - Comparison between geometric and barometric leveling in Pantanal Wetland. S.D.R.=Standard Deviation of the Residue;
M.Q.R.=Mean Quadratic Residue; Max. R.=Maximum Residue; Min. R.= Minimum Residue.

Tabela 3 - Comparacao entre nivelamentos geométrico e barométrico no Pantanal Matogrossense. SD.R.=Desvio Padr&o dos Residuos;
M.Q.R.=Residuo Quadratico Médio; Max. R.=Residuo Maximo; Min. R.= Residuo Minimo.

Theacceleration valuesin mGal for thissecond
order gravity network are shownin Table 2 and the
sationsareshowninFig. 1 asfull triangles.
Densification of Gravity Stations

Thefirgt datato be collected wered ongthemain
roads between citiesand townswhere | BGE had set
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up the bench marks. They are shown in Fig. 1 as
crosses. Almost thetotality of horizontal coordinates
of the gravity stations were obtained using the
Magnavox GPS system with an accuracy of + 100
m.

In the Pantanal Wetland plain, where bench
marksarevery few and for regionslocated withina
distance less than 50 km from a bench mark,
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barometriclevelingwascarried out usng two batteries
of three barometers each. During data collection,
bench mark stationswere occupied with barometers
in order to control the accuracy of the method and
the operational condition of the barometers. An
exampleof thischeckingisshownin Table 3. Stations
wheretheatitude was determined using barometers
are shown in Fig. 1 as open circles. Error in the
estimated atitudeislessthan 2 meters.

The second group of gravity datawas obtained
inregionsmore than 50 km far from bench marks.
We have used two procedures: first, barometric
leveling which gaveamean deviation of 5 metersand
second, in regions of very smooth topography
(horizontal gradient of 0.20 to 0.40 meters’/km, see
Fig. 2) thedtitudewasestimated from 1:100.000 scale

50" ) &7 56" 55 54
RERE ' ' ' ; I E

- .21

./—/ 23

-59° -58 57 -56 -55 -54”

.
23 1

Figure 2 - Shaded relief map of the study area with contoursin
meters representing the average topography of the gridded (5 km
x 5 km) data. Color version of this map also shown in the front
cover of thisissue.

Figura 2 - Mapa de relevo sombreado da area de estudo. As
curvas de contorno (em metros) representam os valores médios
da grade (5 kmx 5 km). A versao colorida deste mapa encontra-
se na capa deste volume.
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topographic maps. Stations where altitude was
obtai ned from topographic maps are al'so shownin
Fig. 1asopencircles.

Gravity stationswere set up dong themarginsof
threemainrivers. Paraguai river (from Céacerescity to
Cuiabariver conjunction) with 52 stations collected;
Paraguai and Cuiabariversfrom Corumbato Cuiaba
citieswhere 120 stationswere set up with the help of
aBrazilian Navy vessdl and findly, dong the Taquari
river from Coxim city to Porto da Manga (near
Corumbacity) with 62 stations set up. Altitudefor
these stationswas obtained using theleveling carried
out by DNOS (1972) adong the Taquari, Cuiabaand
Paraguai rivers. The interpolated altitude has an
accuracy better than +1 meter. Theriver stationsare
showninFig. 1asclosedcircles.

Intheregion of dmost flat topography withinthe
Taqguari river flood plain where accessby road or by
boat is not possible, an aircraft was used taking
advantageof landing facilitiesinmgor farms. Thefirst
line started and ended in Caceres city, where 11
stationswere set along acircuit of 200 km. A second
line started and ended in Corumba city, where 22
gravity stationswere occupied along 500 km of flown
distance. Because of very smooth topographic
gradient (< 0.2 m/km) the altitudefor these stations
was estimated from the topographic maps and the
gationsareshown asfull trianglesinFig. 1.

GRAVITY MAPS

Free-air (Ag,) and Bouguer (Ag,) anomaliesfor
each station were calculated using the following
expressons.

Ag, =g+03086h—y
Ag, =Ag,—2nGph (1)

where g is the observed acceleration, h is the
orthometricdtitudeinmeters, Y isthe 1967 theoretica
gravity formula(IAG, 1971) for latitude correction
givenby

¥, =978,03L85(1+ 0.005273595n" ¢ 4
+0.000023462sin g )y mGal

(0 isthegeographical latitude of the station.



320 Gravity Survey of the Pantanal

TN (e
- .
.
ARG/ 7/ o B _
50’ -5H &7 -8 58" R ) = 47 -5 - S
Figure3- (a) Free-air anomaly map and (b) Bouguer anomaly map. Contour interval 5mGal. Color version of Bouguer anomaly map also

shown in the front cover of this issue.

Figura 3 - (a) Mapa de anomalias ar-livre e (b) Mapa de anomalias Bouguer. Intervalo de contorno 5 mGal. A verséo colorida do mapa
de anomalias Bouguer encontra-se na capa deste volume.
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Figure4 - Regional (left) gravity map after polynomial fitting of first degreeto the map shownin Fig. 3(b). Residual gravity
map (right) isthe difference between map shown in Fig. 3(b) and the regional gravity map.

Figura 4 - Mapa gravimétrico regional (esguerda) apos ajuste polinomial de grau um ao mapa mostrado na Fig. 3(b). O
mapa de anomalias residuais (direita) € a diferenca entre o mapa mostrado na Fig. 3(b) e o mapa gravimétrico regional.
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Figureb5 - Regional (left) gravity map after polynomial fitting of second degreeto the map shownin Fig. 3(b). Residual gravity map (right)
isthe difference between map shown in Fig. 3(b) and the regional gravity map.
Figura 5 - Mapa gravimétrico regional (esquerda) apds ajuste polinomial de grau dois ao mapa mostrado na Fig. 3(b). O mapa de
anomalias residuais (direita) € a diferenca entre o mapa mostrado na Fig. 3(b) e 0 mapa gravimétrico regional.
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Figure 6 - Regiona (left) gravity map after polynomial fitting of third degree to the map shownin Fig. 3(b). Residual gravity map (right)
isthe difference between map shown in Fig. 3(b) and the regional gravity map.

Figura 6 - Mapa gravimétrico regional (esgquerda) apos ajuste polinomial de grau trés ao mapa mostrado na Fig. 3(b). O mapa de
anomalias residuais (direita) € a diferenca entre o mapa mostrado na Fig. 3(b) e 0 mapa gravimétrico regional.
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P istheaveragedensity of the crust (2,670 kg/m?®)

G =Universd Gravitational Constant (6.673x10™ N
m? kg?)

Free-Air Anomalies

Fig. 3ashowsthefree-air anomay mapinmGal.
All mapsinthisand following sectionsweregenerated
by initidly averaging andresamplingthedata in5' x5
blocksusing L, norm. Following, a5'x5’ grid was
generated using the algorithm proposed by Smith &
Wessal (1990) which use continuous splines with
varying tension. This map still shows a strong
correlation between gravity anomalies and
topographic features of short and intermediate
waveengths.

Bouguer Anomaly and itsRegional and Residual
Components

Fig.3b (seecolor versionin thefront cover of
thisvolume) showsthesmple Bouguer anomaly map
inmGal. Themain featureisasequence of positive
anomdiesaligned alongaNE-SW direction, between
-56° e -58°. To the east, correlating with higher
topography and over the Paranabasinthe anomdies
aremore negatives(<-50mGal).

In order to highlight short to intermediate
wavelength gravity anomalies, associated with sources
in the upper crust, results of regional-residual
separation procedures using polynomial fitting are
presented. They areshowninFig. 4, 5and 6. Color
versions of all maps can be downloaded from the
followinginternet address. www.iag.usp.br/geofisical

pantand.

DISCUSSION AND CONCLUSION

Theuncertainty inthe Bouguer anomaly iseasly
estimated for each station using theexpressionin (1).
Theerror rangesfrom +0.02 mGd for Sationslocated
on bench marksto +0.5 mGal for stations situated
more than 50 km far from a bech mark and which
had its altitude determined using barometer or the
atitude estimated from 1:100.000 scal etopographic
maps. The 5'x5’ resolution gravity map and the
accuracy in anomaly determination for most of the

Revista Brasileira de Geofisica, Vol. 19(3), 2001

Pantanal Wetland provide a detailed mapping of
subsurface structuresin regiona tectonic studiesand
aprecision better than £0.5 min geoid determination.
Large areasbetween gravity lines, especialy inthe
southern part of the map (-19° to -23°) outside the
Pantana Wetland should bedensfied using secondary
roadsin order toimprovethegravity map resolution
inthisregion, making full useof thehigher accuracy of
Bouguer anomaly determination on bench marks.
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