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dorhcic beca use of natural barriers in the Fecho

dlls Morros region which define local base level,

A large part of the plain is formed by the.,
50,OO() km alluvial fan of the Rio Taquari, in the

southeastern portion of the region. This alluvial fan

is the main determining factor in the distrib ution of

the rivers flow ing wes tward into the Rio Paraguay

(AbSaber, 19S6). Paleozoic and Mesozo ic sedi­

ments of the inrracrutonic Parun.i Basin and their

basement are exposed on the eastern edge of tllis

fan, Limestones and dolomites of the Corurnbti

Group (Neoproterozo ic) form the Mucico do

Urucum and the Serra cia Bodoqucna at the pcriph­

cry of the fan and the Serra das Aruras further to

the northwes t (Fig. I).
In this sce nario, we can distinguish three

groups of Quaternary limestones of different ori­

gins: I) Xaraics limestone, 2) Pantanal do Miranda

limestone, and 3) Serra cia Bodoquc na tufa ,
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The e.\lelh i\·e plain III'the Pamaual of Western Brazil is bordered by the Serra da Bodoqucnu and the Ma­
,'i,") dll l lrucum, hoth Iormcd in considerable pan by carbonates 01' the Corunib.i Group (Neo proterozoi c­

Elicalllhri: lIl I. This xituation promoted the formation of Qu.ucrnary limestones of different origiu-; The
()Id,·s\. pr()hably Pleistoce ne, is described in the Muc ico do Urucum as the Xuraics Formation. Ano ther

"()Inl'ri, ,,s 1\\\\ c lc v.uion s wi thin the Puuianal plain itself (Pantanal do M ira nda limestone). A third type
uut .u iscom mon in the drainage .system 01' the Serra da Bodoqueua and is still in process of Io rnuuion. The
s ll l d~ 01' the l)ualernary limestones helps to unravel part of the complex history of the Pnntunul, whose area
"I' I :)().l JlII) kmc nlakes it one 01' thL' largest l'loodcd interior plains in South America.
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I l) ~ ~ l. l)eril1dic fll1l1ds .rl rcrn.u ing with dry periods

comprise ~ I com plex hydro logical regime.
FloUlling res ults main ly lrom drainage dilfi ­

cultics dUL' III IhL' Im\' decli vity of this region

(alxnu 0.25 em per kru from cas t [0 south-wes t). In

Spilt: of this f!ol1lling, the regional clim ate is semi­

arid, with ,II I annual water def icit o f more than 300

nun (Atlonsi 8: Camnrgo. I l) ~-+ ) . The basin is en-

ThL' Paurunul Plain is a significant physiog­

raphic rl.'giun in South America located in western­

most lk ll il ~ I -l aro Grosso and Mato Grosso do Sui

Slates). c\ \clldillg into .nljucent parts of Paraguay.,
and Bol ivia. This huge arcu ( ISO,OOOkin" ) is char-

acieri /cd by thL' coalescence Il l' sandy alluvial fans

of I'lcislllL'clI" Pantanal Fonnaiion (Del ' Arco et lit ..

b



Fig. I - Geological map of the area. I) Pantan al formati on, 2) Paleozoic sediments of the Parana Basin, 3) granites, 4) limestc
and dolostones of the Cor umba Group (Neoproterozo ic-Eocambrian), 5) undifferentiated Precambrian rock s, 6) intematk
boundaries; (mod ified from Schobbenhaus Filho et al., 1984).
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arid climate, probably during the Pleistocene (

meida , 1943, 1945). Fractures in shale of

Corumba Group may be filled by Xara ies Iii

stones. These features are more frequent clos:

the surface of the ground than at the depth and

PAULO CESAR BOGGIANI and ARMANDO MARCIa COIMBRA

XARAIES LIM ESTON E

The Xaraies Limestone, found mainly at the
margins of the Macico do Urucum in Corumba
(Fig. 2), originated through pedogenesis (calcretes)
in talus cones formed by torrential rains in a semi-
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limestone is more massive. Th e limestones may

form compact, lith ified beds abo ut 10m thick as

exposed in the cliffs along the Rio Paraguai. Gas­

tropod shells are sporadically preserved within the

carbonate matrix .

The Xaraies Limestone was originally de­

scribed in the Mac ico do Urucum (A lmeida , 1943,

1945) as the "Xaraies Formation" , Later, Nogueira

et al. (1978) exte nded this denomination to include

the tufas which are found in the Sen-a da Bodo­

quena. The Tufas , however, should be treated sepa­

rately from the Xaraies Formation since they are

still forming along the presen t drain age sys tem.

PANTANAL DO MIlUNDA LIMESTONE

The Pantanal do Mi rand a is form ed by the

coalescence of the flood plains of the Aquida uana,

Abobral and Miranda rivers . The Rio Mi randa has

bicarbonated water, as tribut aries along its left

bank drain carbonates of the Serra da Bodoqu ena.

On this plain there are limestone lenses abo ut a

meter thick and, less freque ntly, centimetric nod­

ules (5 x 2 ern) in clayrich sediments (Fig. 3) .

The lenses of massive limestone form flat

dome-shaped elevations (Fig. 4) directly abov e

fine-grained quartz sand (Ho loce ne alluvium) .

Within the limestone, subrounded quartz gra ins are

supported by a fine calcite ma trix . Add itionally, en­

tire shells of freshwater mollu scs can be found in

the limestone. Thi s leads us to believe that the

limestones originated by carbonate prec ipitation in

I

XARAIES
LIM ESTONE

Limestone - f i ll ed
fracture s

Rio Paracuoi

a lacustrine environment rather than by pedoge­

netic process.

Carbonate also occurs as light beige porou s

and brittle nod ules precipi tated aro und roots on the

banks of the Rio Miranda at a lower topographic

level than tha t of the carbonate lenses mentioned

above. Th e nodules are vertica l randomly space d

(5- 10 ern apart) and vertica lly oriented wi thin dark

brown clay.

SE R RA DA BO DOQ UENA T UFA

Th e rivers from the Sen-a da Bodoqu ena have

clear and bicarbonated waters, in which slightly

lithified and unlithified ca lcareous sediments are

deposited in different forms and by various proc­

esses.

The lithi fied tufas, which are poro us and ligh t

beige in co lor, may form dams and waterfalls (Fig .

5). Interna lly, they exhibi t a layered arrange ment of

em-thick beds with parallel vertica l filaments

whi ch are some times separated by a shee t of mm­

thick mas sive limestone. Exposed moss ste ms may

be partially covered by car bonate , which has bee n

precipitated under the influence of diatoms and cy­

anobacteria atta ched the moss, in a manner similar

to that of the tufas of the Plit vice Park in Croatia

(Emeis et al., 1987). In active waterfalls and slopes

with sporadically dripping water tufa forms con­

caves shell-s haped, ove rhanging project ions (Figs .

5, 6) . Sometimes these struc tures collapse due to

their weight.

All . AClId. bras. Ci.. (1995) 67 (3)
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Fig. .j - Lim estone len ses ncar the Pantanal Research Station of the Univcrs idade Federa l de Muto Grosso do Sui (UFI\IS l.

at the mar gin of the Rio Miranda. The vegetation (vcapiio") on the lenses is rare ly, if ever, flooded .

(
Nodular limestone

Limestone tense

grated into soluble HC03- ions. To supply their

C02 needs, characean algae absorb HC0 3- di­

rec tly. As a result, carbonate may precipit ate on the

surface and inside the stems of the algae, perminer­

alizing parts of the plant.
Micri tic unconsolidated deposits (0.5 to 6.0m

thick) are genera lly covered by layers of peat can

be found in abando ned meanders of rivers which

PANTANAL DO MIRANDA

LIMEST ONE

Sand
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tubes are frequently found on the activ e beds of

rivers. These have been originated by the incru sta­

tion and penninerali zation of the stems of

characean algae .
The pro liferation of characean algae is very

common in alka line waters where little or no free

carbonic gas is available, because this gas is inte-

All. Acad. bras. Ci.. ( t995) 67 (3)

Co ncentrations of millimetric calcareous
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'T u f a dam
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Si milar uncon solid ated micr ites were de­

scr ibed by Davis (1900, 1901 ) in lakes in the state

of Michi gan (USA), and were relat ed to the photo­

synthe tic activi ty of algae of the genus Cham. For

alkalin e lakes, Dean (198 1) also conside red that

the most impor tant mechani sm for the precipitation

of carbonate was the absorption of C02 by phyto­

plankton (bio-induced prec ipitation) . Similar car-

SERRA DA BODOQUENA TUFA

fall

Fig. 6 - Tufa Jams along Rio Formoso, Serra da Bodoquena, with co ncave shell-shaped ove rhangs.

Fig. 5 - - Disl..ihutiun 01 tutu alollg the uctivc druinagc ill the Serra da Bodo que nu.

drain the Serra da Bodoquena. In scanning elec tron

microscopy (SEM) they show tablet shaped ca lcite

crystals, IOta I5 um long and 0,5 to 1,0 11m wide

(Fig. 7). Radiocarbon dating of tufa from near the

Rio Salobra (Turcq et al., 1987), north of Bonito,

yelded ages of 5200 years B.P. for micritic tufa and

2150 years B.P. (minimum age) for the pea t cover­

ing the tufa.



Corumba Group
(Precambrian)

tory of the Pantanal. Th e limeston e lenses of Pan­

tanal do Miranda can be interpreted as having

originated in ancient lakes and did not necessarily

originate under a more arid environment than al

present. The fact that they are topographically

higher in relation to the actu al plain shows thai

their base level has changed. The verticalized nod

ules might represent a drier climate, which would

hav e helped the formation of ca lcretes by capillary

ascension of bicarbonate solutions. Finally, Ihe

posits, which acidifies the infiltrating water, suffi­

ciently to prevent the cementation and the lithi fica­

tion of the tufa s yet not enou gh to cause their
dissolution.

F I NAL COM M ENTS

Among the depo sit s here described, the

Xaraies Limestone would be the oldes t, probably

Pleistocene. Th e lenses of the Pantanal do Mi randa

limestone would form next. Th e Sen-a da Bodo­
quena tufa is the most rece nt and it is s till in for­

mation (Fig. 8).

Th e Xa raies Limestone marks a period of a

semi-arid cl imate with torrenti al rains in the his-
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/Rio Poroguoi
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U HOLOCENE Pantanal do Miranda limestone
A alluvium
T
E

_._........_-_... _.._ . . . ......---- _ .._. . ... . . ... _------

R Pantanal Formation
N
A PLEISTOCENE Xaraies Formation

R
y

20 KM

PAULO CE SA R BOG GIANI and ARM ANDO MARCIO COIMBRA

400

300
200
100 Macigo do

Urucum

34ll

- - - - - - - - - - - - - - - - __i

Fig. 8 - Distribu tion and ' lIggc' lcd chrono logy o j Quaternary lime' h lne, in the Pant anal area .
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bonates have been describ ed as shallow lake-fill

deposits by Ch afetz & Folk (1984) .

Emeis et al. (1987) suggested that lacustrine

limeston e mud s are related to planktonic blooms.

When this happ ens, the sudden increase in pH due

to the absorption of carbo nic gas by the algae pro­

vokes the nucleation of carbonate cry stals.

It is interesting to note that the micrit e re­

mains uncon solid ated . Thi s is may be due to the

presence of organic materi al at the top of the de-

NW

fig. 7 - Scanning elec tron micrograph of powdery tutu II I R ill

Formoso showing ca lcite crystals.
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Serra da Bodoquen a tufa, for med under wet cli ­

maticconditions, is re lated to biological activity in

bicarbonated water.
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