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Introduction: The 40 km-wide Araguainha impact 
structure is the largest impact crater in South America. 
It was excavated in the flat lying sediments of the 
Parana Basin, in central Brazil [1-4]. Previous studies 
have has shown that Araguainha preserves a fully ex-
posed central uplift, an annular basin and two main 
concentric ring features. The central uplift itself is a 
major structural and morphological feature in the 
northern parts of the basin [2-4]. Previous studies have 
identified the central uplift as an asymmetric morpho-
logical/structural feature [3, 4]. However, no compre-
hensive structural analysis has been directed at under-
standing its geometry. In this contribution, I expand 
the structural dataset available for Araguainha and 
present a detailed structural analysis of the impact 
structure. Thematic Mapper (TM) and Advance 
Spaceborne Thermal Emission and Reflection Radi-
ometer (ASTER) data are combined with the structural 
inventory to provide a direct correlation between the 
morphological and structural features. The objective is 
to establish the present geometry and understand the 
nature of strain that led to formation of the central up-
lift.  
The central uplift  

The Araguainha central uplift (CU) consists of a 5 
km-wide core of crystalline basement core and 4 km-
wide collar of upright to slightly overtuned sediments 
of the Furnas and Ponta Grossa Formations (Parana 
Group). The contact between the core and collar rocks 
is partly coreved by fall-back breccia deposits and im-
pact melt rocks [1].   

Athough several LandSat images show a symmet-
ric, circular geometry for the central uplift,  field-based 
observations indicate a rather asymmetric distribution 
of the collar sediments around the granite core. The 
central uplift displays an off-centered polygonal ge-
ometry, with the Furnas Formation being substantially 
thinner in the northeastern and southeastern sectors. 
This asymmetric distribution of the sediments relates 
directly to differential thickening of the strata in each 
sector of the central uplift. Given the upright orienta-
tion of the collar strata and the original thickness of the 
Furnas sediments (300 meters outside the structure), it 
is possible to calculate the thinkening of the strata in 
the collar rock during formation of the CU. We esti-
mate that the Furnas formation was thickened by a 
factor of 2 in the southeastern sector and a factor of 7 
in the northern and northwestern sectors [3, 4].  

The inner part of the collar comprises a 500 m-
wide complex zone of meter- to hundreds of meter-
scale blocks of basal sediments of the Furnas Forma-
tion. The blocks were tilted to various degrees, making 
it difficult to constrain the arrangement of the sedi-
ments around the granitic core. Well exposed sections 
across the collar-core contact indicate that the basal 
sequence of the Furnas Formation has been duplicated 
along steep to shallowly dipping reverse fault zones. In 
a SW-NE section, I observed that m-scale slices of fine 
grained sandstones of upper Furnas Formation were 
juxtaposed with basal Furnas conglomerate along a 
NE-dipping reverse faults.  A detailed kinematic 
analysis of the block movement is difficult because 
much of the core-collar contact is covered by fall-back 
breccias.  These impact breccias are particularly thick 
in the NNW sector.  

Beyond the 500 m-wide megablock zone, the se-
diments of the Furnas Formation show more consistent 
(albeit complex) bedding orientations as a result of a 
more cohesive deformation. This is particularly true 
for the upper part of the formation, which is well ex-
posed on several 2-6 km long ridges around the core of 
the central uplift.  Two ridges in the northern, north-
eastern and northwestern sectors of the collar show a 
prominent sigmoidal (Z-shape) geometry. The longest 
ridge spans 6 km from the northern to northeastern 
sector of the central uplift, but has been segmented by 
a number of radial to oblique fault zones. The overall 
orientation of the Furnas bedding is roughly parallel to 
the NW-SE trend of the ridge. The strata dip steeply 
NE or are overturned (dipping 40-70 SW) along some 
segments of the ridge. The bedding has been deformed 
into hundred-meter scale gentle folds that plunge gen-
tly to the NW. These folds are similar in many aspects 
to radial gentle folds observed in the collar of the Vre-
defort dome, and are probably associated with buck-
ling and thickening of the Furnas Formation. In addi-
tion, several outcrop-scale folds ranging from verti-
cally plunging recumbent to shallowly NW plunging 
isoclinal indicate that slip movement between the 
strata contributed for further thickening of the strata. 
The ridge in the northwestern sector is 2 km long and 
exposes upright to steeply outward dipping Furnas 
sandstones.  Bedding in the sandstone changes from an 
east-west trend (tangential to the core-collar contact) to 
a NNE trend near the contact with the Ponta Grossa 
Formation. Much of the local variation in bedding ori-
entation relates to fault-related block tilting between 
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fault segments. No visible outcrop-scale folds or ex-
treme variation of bedding have been observed, indi-
cating a less complex deformation pattern in the 
northwestern sector relative to that of the northern and 
northeastern sector. 

The arrangement of the strata in the southwestern 
sector follows a similar sigmoidal pattern to that de-
scribed above. Although there is no prominent ridge in 
this sector, the sigmoidal (Z-shaped) pattern can be 
traced along a large number of scattered outcrops from 
the south to the west along the core-collar contact. The 
strata change from a NW-SE trend (parallel to the 
core-collar contact) to a WNW-ESE trend to the south 
and to the west. Small-scale folding could not be iden-
tified, but there is substantial evidence of overturned 
bedding due to localized block tilting.  

Abundant outcrops are found along an east-west 
trending ridge in the southern sector, which exposes 
the upper section of the Furnas Formation. The Furnas 
strata are steeply dipping, with most of the strata dip-
ping south, southeast or southwest. Along the southern 
face of the ridge, the strata dip 60-80 SW or SE. The 
slight variation in the overall bedding orientations 
(from south to southeast or southwest) relates to two 
main oblique faults that seem to represent conjugate 
sets of strike slip faults. Large-scale variation in the 
bedding orientation is also observed, with the beds 
tilted from subhorizontal to vertical due to large-scale 
folding of the strata. Local-scale variation also occurs 
due to outcrop-scale folding. The Furnas Formation 
has been largely folded into open to tight folds, with 
most of the folds axes plunging to variable degrees to 
the south. In addition, I have observed west-verging 
imbrication features, which together with the fold ge-
ometry and the conjugate nature of the faults, suggest 
an element of E-W compression, consistent with the 
tangential shortening of the strata during the central 
uplift formation.   

Whilst the ridges from all sectors expose the same 
upper section of the Furnas sandstones, they display 
different structural elements and seem to represent 
independent thrust sheets of the Furnas Formation. 
Evidence for repetition of the bedding and steep bed-
ding orientations between the ridges in the north and 
northwest are a clear indication of large-scale imbrica-
tion of the km-scale sheets during the central uplift 
formation. In addition, the change in the strike of the 
bedding from concentric to oblique/tangential occurs 
in all individual ridges of the central uplift and may 
represent zones of convergence between the individual 
thrust sheets.  
Discussion: Thickening of the collar strata was due to 
progressive deformation, during the lateral movement 
of the target rocks - from the transient cavity walls to 

the central part of the crater. We observed that the tar-
get rocks followed four main stages of deformation 
before they finally reached their present upright to 
overturned orientation in the collar: 

• Outcrop-scale folding as a result of differen-
tial slip movement between strata. Isoclinal folds have 
contributed for target thickening in each of the indi-
vidual ridges (or sheets) of the Furnas Formation. This 
process might have began much early in the collapse 
stage, with the inward movement of the target rocks 
from the transient cavity walls to the central uplift.   

• Imbrication of km-scale sheets of Furnas stra-
ta: The structural stacking of distinct sheets resulted in 
the duplication of the stratigraphy in several sectors of 
the collar of the central uplift. The stacking was also 
responsible for the present sigmoidal pattern of bed-
ding orientations.  

• Lateral constriction of the sediments: The 
constriction of the sediments led to formation of ra-
dially outward plunging gentle folds. Radially plung-
ing folds might have contributed for further thickening 
of the strata during or shortly after thrust-related im-
brication of the large-scale sheets.  

• Additional rotation of the bedding due to con-
tinuous uplift of the crystalline basement rocks: We 
believe that additional rotation of the bedding to verti-
cal orientations might have been associated with pro-
gressing uplift of the crystalline core to its maximum 
height. 

The asymmetric distribution of the Furnas Forma-
tion around the core of the central uplift is either an 
effect of an oblique impact or pre-impact target het-
erogeneities. Previous studies have made a strong case 
that target heterogeneities can generate asymmetries in 
impact structures [5, 6]. At Araguainha, however, evi-
dence for an oblique impact is not only indicated by a 
structural thickening north-northwestern sector, but 
also due to the presence of a thick deposit of fall back 
breccias the north-northwestern sectors of the central 
uplift.  This could imply that an impact with the down-
range direction to the NNW would have caused the 
structural asymmetry in the central uplift.  What re-
mains to be constrained is the internal strain that led to 
the preferential thickening of the strata in the north-
western sector during the modification phase of the 
crater formation.  
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