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LAND USE IN THE TROPICAL KARST - THE CASE OF 
PERUAÇÜ, JANUÁRIA AND JAIBA; SK BRAZIL1

Heinz Charles Kohler. Sergio dos Anjos Ferreira Pinto and João Francisco ilc Abreu

ABSTRACT
The karstic regions of ilie municipalities of Pcruaçu. Janiuiria and Jaiba present ;i variety of 
soil uses which arc a function of the organization of the karstic relief. This relief system forms 
a rift, which received fluvial sediments deposition from the São Francisco River.
Thu* hoist of lhe Peaiaçu plateau is developed mi limestone rocks of I.ate Protenvoic aye with 
.i high coneeijjj;jjj«M) oj calcium carbonate. The South American Surface was formed on ihi*» 
and is unlay occupied by cattle ranching.
In the graben, due to easy irrigation from underground karst waters and because of the ncart>\ 
drainage system of the São Irancisco River, a mechanized and specialized farming system has 
developed.
The change in the management of cattle breeding and in traditional farming methods has had 
a substantial impact on the economic siructure of the community and also on the karst itself.
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I. Introduction

Brazil's continental area of approximately S.5 million square kilometers, between 
the parallels 6 16* hit. N and 33° 45' lat. S. presents different karstic systems due to 
lithological and hydrological differences (over a wide climatic range). Because of 
tfieir extent aiuf importance, the karstic scenarios which developed over cafriie arid 
dolomite rocks of Late Proiero/.oic arc prominent. The main karstic landscapes are 
located on Craton dc Süo Francisco, in the surrounding areas in the states of Minas 
Gerais. Bahia and Goiás, and also in the Arc of Borborema, in the states of Mato 
Grosso do Sul and Mato Grosso.

The limestone outcrops make up approximately 5%  to 7c/c of the total area of the 
country (Karmann. 1994}. If  covered karst is included, this percentage would increa
se considerably, in areas of superficial karst. there is a variation between tTuvio-kar- 
slic scenarios, sink hole plains, raised plateaus, residual hills, poljes. and large llu- 
vial plains.

1 This research was supported by F A P IiM K i (Punduvào dc Amparo ii Pesquisa do Estado dc Mums Gerais) 

Grant - C KX 2305%.
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2. The Kurst

The municipal districts of Peruaçu. Januária and Jaiba. are located in the extreme 
north of Minas Gerais State, about 620 km away from the state capital, Belo 
Horizonte. The region is drained by the São Francisco River and its medium sized 
tributaries.

Climatic analysis done over a period of thirty years (EPAM IG  et al.. 1976). shows 
an average precipitation of 876 mm per year, concentrated in the months of 
November to April while there are six almost dry months, from May to October. 
Rainfall is variable and can range from 1400 mm to 450 mm. depending on the sea
son. The month of October is the hottest (34°C) and the coldest is July ( 16°C). with 
a thermal average of 24°C.

The karst has developed in a lens of sub-horizonlal meta-sedimcmary limestone 
approximately 350 m thick, from the Late Proicrozoic Bambui Group (Dardenne. 
1981). Dissolved carbonate hardness, ranges between 135 ppm and 140 ppm (Pilo. 
1989):

The regional stratigraphic column reveals six main units. The mineralogical 
analysis from X-ray difractometry and their relative percentages, were obtained by 
Campos et al. (1992):
1) Pink yellowish dolomite limestone:
2) Light grayish calcitc;
3) Pinkish dolomite (calcium carbonate = 30%: dolomite = 65.8%);
4) Yellowish sublitographic dolomite;
5) Siltstones and argillites;
6) Black limestones ( calcium carbonates=90%; dolomites= 7% ).

Cretaceous silicified sandstones have reworked the rocks from the Late 
Proterozoic.

Piló (1989) studied the Karst of the Peruaçu River region, a tributary of the left 
margin of the São Francisco River: there are six principal morphological units.
A. Covered karst constituted of two surfaces:

a) residual hills of a Cretaceous surface with a duricrust, above the level of 780m 
and reaching 800m.
b) The South American Surface covered by deep latcritic soil, where a “cerrado- 
eaatinga" vegetation has established itself, with scrub savanna characteristics. On 
this surface remains of a latcritic duricrust occur.

B. One karstic unit, formed by the exhumation of small hills between altitudes of 
750 m and 615 m. with a vegetation of pastures and remains of a dry thicket, sub 
caducifolia. with elements of “caatinga".

C. The fluvio-karst of Peruaçu. with its blind valleys, canyons, and subterranean 
paths, with perennial vegetation predominating.

D. A sinkhole land unit between the altitudes of 750 m and 615 m. covered with arti
ficial pastures and dry forest “ mata seca".
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E. A rocky escarpment, covered by a field of lapics. between the altitudes of 7(K> in
and 500 m where some cactuses are established.

I7, The São Franciscan depression characterized by its fluvial plains, between altitu
des of 500 m and 4(H) m. with its dissolution sinkholes, along the Sào Francisco 
River (440 m) and its tloodplains with their channel sands and temporary 
lagoons, between the altitudes of 440 m and 438 m. Over the alluvial soils esta
blished originally a caducifolia forest, today this has been partially replaced by 
pastures and agricultural enterprises.

3. Farming - cattle breeding scenario.
A TM-Land.sai image, (W RS 2 J 9-70, 1997. Fig. I ), has been produced with a 

multispectral false-color composition (bands 4. 5 and 3 - RG B) and a panchromatic 
band 4 enhancement, at a scale of 1:1.000.000. This provides the best visual separa
tion of the main geomorphological regions, compatible with the scale. The image has 
made it possible to delineate three geomorphologic units and their respective land use 
from the highest lands to the plain:

/. Covered karst, represented by the rcmâins o f the Cretaceous surface, where 
duricrust and sandy soils derived from silicified sandstones dominate, preserves tra
ditional extensive cattle breeding (1 animal per ha.). On the South American Surface, 
over latcritic soils, great areas of savanna were replaced with artificial pastures. This 
allowed the implementation of large cattle farms, directly irrigated from the Rio 
Peruaçu and its tributaries.

f f. in the karstic region, onfy (he decfiviiies ifiat fink the South American Surface 
to the karst and to the region of large sinkhole plain allowed an extension of the areas 
of pasture. In the fluvio-karst. outcropping limestone, and in the rocky escarpment, 
towards the Sào Francisco plains, farming and cattle breeding activities are insigni
ficant.

III. In the vast valley of the San Francisco River a development of great agricul
tural undertakings began, together with the establishment of cattle ranches. The 
semi-arid climate, a limiting factor for agriculture in the past, was kept under con
trol by great irrigation projects, using ground water irrigated by central pivot sprink
lers and distribution through channels. The Landsat image (F ig .l) clearly illustrates 
these two irrigation techniques.

4. The impacts of farming and cattle breeding over karst (table I )
The environmental impact on the region studied have their origins in the 17th

century, when the people of the region, lhe Portuguese and the “paulistas bandeiran
tes" (defending the crown) conquered the back-country along the São Francisco river 
to secure navigation privileges. The vegetation clearance began, and continues to the 
present, together with installation of open-cut coal mines, to obtain space for farming
and cattle breeding.
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GEO LOGICAL, GEOM O RPHOLO GICAL 
AND LAND U SE  DATA

K A R S T

6l 5-760m - Fluvtcfcarst, 
dolmo landscapes fcarren 
f-elds, restra»e<J land use

500-700rn - Esca-'cneieO 
escarpment karren lelds 
no land use

C O VERED  K A RST

< 760m - Cretaceous Plan3tion 
Surface, sandy soils, latente 
durerust. sovara. c*?cn»vo 
caJUe farms

7 50-760m • South Amercan 
Surface (Oltgccene-Mioceoe). 
lateiix: soils duricrust savana, 
pasture semimtensive cattlc 
farms

SÀ.O FP A N C ISC O  KARS-T 
PLAIN

440-600m - Dissolution dolnes, 
irrigation systems (cfiannels-ovcr 
water, acrial-çrouiKMoter). 
agroindustrial setDements and 
semi intense cattle farms

SÃ O  FRA N C ISC O  FLOOD 
PLAIN
440-444m • Marginal deque sand 
banks, marginal takes, no «and 
use

f-'ifi. I -  Ltttufsai image o f  the examined urea

Main Agriculture Products m Minas Oerais - North Region (1996)
JA M  IA R IA ITACARAM D1 M ONTH A ZU I.
Soybeans i 4000 ha i Itcanx t>11 DO hai Colton (5000 lutl
Beans (4100 ha> Com  (2720 Hat R icc <2000 lia l
M arnocj 125<Xi hu) < ’on i 15000 ha i

Tahir /  - Tahir o f  land uses, in /he North Region o f  Minas Gerais, with areas o f  land involved.
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The ease of obtaining karstic waters and ihe utilization of irrigation systems 
through the central pivot sprinkler, transformed the area ai the end of the 1970‘s The 
traditional systems (extensive cattle breeding and cotton cultivation) were transfor
med into semi intensive cattle breeding, great mechanical fieldwork and farming and 
cau te  b n x d ia g  projects. ;is ucH us stitu)}-holdings u ilh  their fam iliar d iverse  far- 
ming. The impact caused by changes in economic structure and management leads, 
as geographer Dr. Maria Aparecida Jos Santos Tubaklini1 points out. to the small 
farmer selling their smallholdings 01 gleba. These have been transformed into 
medium or large properties.

Today, the outcome of this land use chaiKv some implemented with no previous 
environmental impact research, has led to bankruptcy for some landowners. They 
have exhausted the karstic wells by water pumping, and no study has been made of 
the rate of natural replenishing of these wells This has resulted in salinization and 
compaction of the soils. The hydro-geologist. Mr. Fernando Jardinr. regrets the lack 
of research done on the behavior and dimension of the karst underground water, as 
well as the hydraulic flow of the Sào Francisco river and tributaries.

Another impact of the karstic underground waters that has yei to be studied is that 
caused by water pollution by loxic compounds and bacteria. We live in a period of 
global warming, which could also be catastrophic to the region.

Karstic land use in the intertropical region, with fanning and cattle breeding 
dominant (e.g. the valley of São Francisco > should be periodically monitored so that 
prompt corrective measures can be taken to preveni irreversible damage.

The creation of APA - Peruaçu tan area of environmental protection for the basin 
of the Peruaçu river) by the Federal government 111 was received with great 
optimism by conservationist*, and regional inhabitants. However there are still no 
economic anti ecoíogícaí zoning definitions, which disadvantages the ongoing mana
gement of the APA.
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