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Introduction:  The Serra da Cangalha (SdC) 

impact structure, located in Tocantins state, northeas-

tern Brazil, is the second largest Brazilian complex 

impact structure with 13.7-km in diameter. It was 

formed in Phanerozoic sedimentary rocks of the Par-

naíba Basin. The basin was developed over a Cambro-

Ordovician rift system, and its sedimentary record 

comprises Silurian, Devonian and Carboniferous-

Triassic sequences SdC is one of the best exposed im-

pact structures of South America. It exhibits a pro-

nounced central uplift of 5.8 km diameter that rises up 

to more than 350 meters above the surrounding terrain. 

The periphery of the central uplift, however, is affected 

by erosional processes that make it appear more sub-

dued than the collar, although still morphologically 

prominent as shown by satellite imagery (Fig. 1). 

In the early 1950s two boreholes were drilled 

relatively close to SdC for oil exploration, penetrating 

undisturbed strata from the Permian deposits and 

reaching the basement. The stratigraphic information 

provided by these boreholes was used here for compar-

ison with the deformed sedimentary strata within SdC 

to estimate the amount of uplift at the center of the 

crater. 

 

Geological settings :  The Serra da Cangalha 

structure, centered at 8
o
04’S/46

o
51’W, comprises, from 

the lowermost to the uppermost unit, the Longá, Piauí, 

Poti and Pedra de Fogo formations. Dark shales of the 

Devonian/Lower Carboniferous Longá Formation con-

stitute the oldest rocks at Serra da Cangalha, and they 

are exposed in the inner basin within the central uplift. 

Due to the structural complexity of this innermost part 

of the central uplift and the poor outcrop conditions it 

is well possible that blocks with even older strata are 

exposed. The Poti Formation comprises sandstones and 

claystones of Lower Carboniferous age that form the 

collar of the central uplift. The Piauí Formation forms 

the periphery of the central uplift and also constitutes 

most of the inner area of the structure; it is covered by 

the Pedra do Fogo Formation. The latter formation 

comprises sandstones and chert layers of Permian age 

forming the rim of the structure as frequently flat-

topped plateaus.  

Available information and methods:  Re-

gional stratigraphic surveys were carried out in the 

Parnaíba Basin in the early 1950s as part of petroleum 

exploration efforts. One stratigraphic borehole was 

drilled near the town of Carolina (CL-1-MA, 1169 me-

ters deep), 107 km to the northwest of Serra da Can-

galha, and another one near the town of Riachão (VG-

1R-MA, 2887 meters deep), 80 km northeast of Serra 

da Cangalha. The data from borehole CL-1-MA show 

the top and bottom occurrence of the Pedra de Fogo 

Formation at 172.5 and 25.5 meters above sea level, 

respectively, whereas the top and bottom of the Longá 

Formation are positioned at -314.5 and -447.5 meters, 

respectively. For VG-1R, the top and bottom of the 

Pedra de Fogo Formation are at 235.5 and 115.5 me-

ters, respectively, and values of -389.5 and -534.5 me-

ters were recorded for the Longá Formation (Fig.2). 

These values were used to estimate the amount of uplift 

at the center through comparative stratigraphic analysis 

taking into account that a slight regional warping and 

tilting of strata affects the altitudes of strata in the bo-

reholes. The estimation of the regional warping and 

tilting was made using the elevations of the contact 

between the Piaui and Pedra de Fogo formations meas-

ured at the two boreholes and at a field point located 

outside and to the south of SdC. The differences in 

elevation is 225.5 meters for VG-1R and 315.5 meters 

for CL-1. The average value of 270.5 meters was there-

fore used to compensate for the regional warping and 

tilting of the strata. 

Estimation of uplift: At SdC the strata were 

deformed by the impact and a considerable amount of 

uplift has occurred as a consequence of the formation 

of the complex crater, in particular affecting the units 

that form the central uplift. A vertical displacement of 
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740 meters was estimated for the strata exposed in the 

central uplift, based on the regional stratigraphy of the 

Longá Formation [1]. 

  

 

Our field data show the top and bottom of the 

Pedra de Fogo Formation at SdC at 420 and 320 m 

above sea level, respectively. The top of the Longá 

Formation is situated at 348 m, but it is not possible to 

estimate the elevation of its bottom contact at SdC 

(Fig.2). However, the largest elevations in the central 

uplift are associated with the sandstones of the Poti 

Formation, which form the collar of the central uplift 

surrounding the Longá Formation, and which have 

been better preserved from erosion than the shales of 

the Longá Formation. 

According to our data, it is possible to esti-

mate the amount of uplift at the center of SdC. Com-

paring the altitudinal differences between the top of the 

Longá Formation in the central uplift of SdC and the 

equivalent level at the VG-1R borehole, the total ver-

tical displacement reaches 709.5 meters. However, the 

altitude differences between the top of the Poti Forma-

tion at SdC and the equivalent altitude at CL-1 reveal 

that the maximum uplift in the central uplift may have 

reached 862.5 meters (Fig.2). Subtracting the 270.5 

meters of the regional warping/tilting of the strata, we 

reached an estimation of 592 meters for the uplift. 

There is therefore a difference between the estimates of 

McHone [1] and our results, of 117 m. 

A theoretical estimate for the amount of uplift 

that occurred at the center of the SdC impact structure 

can be obtained by using the equation (hsu=0.006D
1.1

), 

proposed for impact craters formed in both sedimenta-

ry and crystalline rocks [2]. This equation gives the 

amount of uplift for the central uplift of SdC as 1008 

meters, therefore suggesting that our estimates can be 

interpreted as an apparent value for the uplift that oc-

curred at this region of SdC, and that a considerable 

amount of erosion has affected SdC since its formation. 

Conclusion: We have estimated the amount of 

structural uplift at the center of SdC, based on the cor-

relation of field data from mapping of the central uplift 

of SdC and stratigraphic data from two boreholes  sunk 

outside the structure. This estimate is only 60% of the 

theoretical value obtained by the equation proposed by 

[2], the difference being possibly related to the erosion 

that occurred at SdC. 
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