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Introduction: The 40-km-wide Araguainha impact struc-

ture is the largest of the six proven impact craters in Brazil. 

It is located in the northern part of the Parana Basin, in 

central Brazil (16°47’S e 52°59’W), between Mato Gosso 

and Goias Federal States. It is also the oldest complex im-

pact crater in the South American continend, dated at 245 

Ma [1]. The structure is characterised by an central peak an 

anular basin and a well preserved rim. The crater rim istelf 

is defined by radial and concentric faults that juxtapose km-

scale blocks of distinct sedimentary strata [2, 3]. The central 

peak comprises a 5 km-wide core of alkali granites and 3-4 

km wide collar of sedimentary rocks including sandstones 

and siltstones of the Parana Group. The granite and the 

sandstones are partly corvered by several impact deposits 

that have been classified by [2] as monomict and polymict 

breccias and impact melt breccias. Monomict breccias of 

sandstone are distributed mostly to the southern parts of the 

central peak. The polymict breccias, mainly distributed in 

the northern parts of the central peak, comprise a crystalline 

matrix and angular clasts. The impact melt breccias in 

southern and central part of the central peak consist predo-

minantly of granitic clasts in crystalline quenched matrix. 

The melt breccias are underlain by highly fractured alkali 

granites, which are in turn intruded by shock veins or dikes. 

Since Engelhardt et al. [2] who have provided a detailed 

description of the impact melts and shock veins in the gra-

nitic rocks; there has been little investigation on the origin 

of these impactites, particularly with regard to the genesis of 

the melt itself. In this study, we provide results of a detailed 

optical and scanning electron microprobe study of the shock 

veins from the core of the Araguainha central peak. The 

results are used here to understand the processes that let to 

the generation and crystallization of the impact melts.  

Shocks veins: Engelhardt et al., [2] described the shock 

veins as red dikes because of the high concentration of iron 

oxide in the melt matrix. These shock veins range from tens 

to hundreds of centimeters in thickness. The are predomi-

nantly hosted in the alkali granitic rocks of the core of the 

central peak, although a few occurrences have also been 

observed in the sediments of the collar. The dikes consist of 

a glassy red matrix that envelops round and angular frag-

ments of the granites. Much of the glass has already been 

devitrified into a cryptocrystalline groundmass; however, 

much of the original fluidal texture has been preserved. 

Individual clasts record several shock metamorphic features, 

including kink bands in biotite, planar deformation features 

(PDFs) in quartz and feldsaprs, and isotropisation in pla-

gioclase and K-feldspar. According to Engelhard et al. [2] 

the so called “red dikes” were injected into the granitic 

rocks due to extensional stresses during the modification 

stage; most likely during the formation of the central peak.  

Sampling and analytical techniques: Samples of the shock 

veins have been collected along several profiles across cen-

tral peak of the impact structure. The shock veins analyzed 

here were relatively narrow (0.5-10 cm-wide) and a few 

meters long; all hosted in the granitic rocks. Polished thin 

sections were analyzed at the Department of Geology, Uni-

versity of Stellenbosch. Major element mineral chemistry 

analyses were performed on a LEO 140VP scanning elec-

tron microscope coupled to a Link ISIS energy dispersive 

spectrometry (EDS) system. The microscope was operated 

at 20 kV with a beam current of 120 μA and a probe current 

of 1.50 nA. Acquisition time was set at 50 s and spectra 

were processed by ZAF corrections and quantified using 

natural mineral standards. Mineral chemical compositions 

were recalculated to mineral stoichiometries and the resul-

tant mineral structural formulae were used to evaluate the 

quality of the analytical data.  

Results: Our analysis of the shock veins were focused on 

the matrix and highly shocked clasts. The matrix displayed 

a dominantly a criptocrystalline igneous texture, that re-

sulted from either (1) devitrification of a glass and/or (2) 

fast crystallization of a superheated melt. Although the ma-

trix seems relatively homogenous on handspecmen, optical 

analysis indicate compositionally heterogeneous texture, 

with alternating red and brown schlieric domains. In places, 

these domains seem to form flow lines that surround angular 

and round clasts of alkali granite in addition to individual 

quartz grains. EDS analysis (either spot or raster) revealed a 

predominantly feldspatic composition for the cryptocrystal-

line groundmass (for both red and brown domains). The 

flow lines represent alternation between K-feldspar-rich 

(orthoclase or sanidine) and plagioclase-rich (albite) 

schlierns. This supported by spectral analysis of composi-

tional maps for Fe, K, Al, Si, Na, Mg that shows the compo-

sitional variation of the schlieric domains. The red domains 

are particularly rich in Na, Mg and Fe whereas the brown 

domains are richer in K and Si. A distinct type of stretched 

plagioclase alternate with the schlieric matrix (Fig. 1). This 

plagioclase isotropic or show radial flamboyant extinctions, 

clearly distinct from the plagioclase-rich schlieren. It invari-

ably shows internal flow textures and do not contain evi-

dence for cleavage, intragranular cracks or shock-induced 

fractures. We believe that this plagioclase resulted from 

shock melting rather than solid-state isotroposation. Elec-

tron microprobe analyses indicate that the plagioclase glass 

is approximately stoichiometric. Submicroscopic grains of 

hematite and ilmenite are fould dissiminated into the pla-

gioclase-rich and K-feldspar-rich schlierens.  

Locally, the matrix also preserves submicroscopic igneous 

textures defined by quenched K-feldspar, plagioclase, hema-
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tite and ilmenite. These are minute crystals that grow 

around the granite clasts and seem to develop radially into 

the matrix, from the clast rims. In many cases, the rims of 

clasts are partly digested, and replaced by new feldspar-

biotite-hematite rims.  

The clast content in the shock veins is highly variable. The 

clasts composition can range from 10 to 20% of the total 

volume of the shock veins. They also vary in shape from 

angular to round fragments, and very often partly corroded 

by the matrix. The observed clasts in this study are of the 

order of 0.2 to 5 cm-wide. They comprise either mineral or 

rock fragments, all of which derived from the alkali gra-

nites. The largest fragments consist of K-feldspar, plagioc-

lase, quartz, biotite and muscovite. Nearly all the rock form-

ing minerals record shock metamorphic features. Monomi-

neralic clasts are dominantly quartz, but plagioclase and 

feldspar may also occur. Quartz occurs as individual grains 

(nomarly showing PFs or PDFs; Fig. 1). The polygonal 

grains quartz are also observed. They are often devoid of 

shock metamorphic features or fractures and seem to result 

of intense heating derived from the melt matrix. Large K-

feldspar megacrystals are found with several sets of PDFs or 

have been recrystallised into microcrystalline aggregates in 

the interior of rock fragments. In many places, these aggre-

gates preserve the original morphology of the pre-exiting 

megacryst. Biotite  occurs as several mm-long crystals and 

commonly displays one or two sets of kink-bands or kink 

lamellae. When affected by shock fracturing, the biotite 

crystals breakdown into small (<20 um), acicular hematite 

grains and/or cubic crystals ilmenite. In many fractures, 

ilmenite/hematite crystals are surrounded by a cryptocrystal-

line mesostasis, extremely rich in Al2O3 and depleted in 

SiO2. This mesostasis is a quenched melt generated due to 

shock melting of biotite. The quenched melt and the Fe-Ti 

oxides are also commonly observed along biotite cleave 

planes, forming elongated pockets near fractures and kink 

bands. In extreme cases, biotite is completely transformed 

into Fe-Ti oxide and quenched melt. The later texture ex-

plains earlier petrographic observations by Engelhardt et al 

[2] that biotite often occurs surrounded by oxides and in 

places it is completely opaque. 

Discussion: The impact melts studied here occur as injec-

tion veinlets or dikes emanating from the fractures in the 

granitic rocks of the core the Araguainha central uplift. Mi-

croscopic observations indicate that the impact melts are 

present in nearly all the fracture network in the granite, 

which implies that the shock veins is far more abundant 

than is suggested in outcrop. Our petrographic observations 

and mineral chemistry data indicate that these shock veins 

were derived primarily from the partial melting of K-

feldspar, plagioclase and biotite. This concurs with the re-

sults from other studies of impact melts, which indicate non-

equilibrium fusion of the mechanically weaker ferromagne-

sian and tetrasilicate minerals in preference to quartz. It is 

also clear that the Fe-Ti oxides in the veins and impact melt 

breccia at Araguainha are direct products of biotite break-

down, instead of being fragments derived from brecciation 

of the target rocks.  

Given that the shock veins are hosted in granitic rocks and 

that they contain dominant a feldspatic matrix, we suggest 

that the melt itself was derived by partial melting of granitic 

rocks, with minimum (if any) contribution of the sedimenta-

ry rocks. The matrix consists of plagioclase-rich and K-

feldspar-rich schlieren, which in many places seem to define 

flow lines around round and angular clasts. Both plagioc-

lase-rich and K-feldspars-rich schlieren crystallized from 

distinct immiscible phases in the same impact melt; one 

phase contained high Na, Fe and Mg and the other was rich 

in K and Si.  

Initial melting temperature of above 1100 °C is indicated by 

the presence of molten feldpaspar and plagioclase. Evidence 

from the clasts, suggests that the melt remained hot for suf-

ficient time to convert individual shocked quartz into aggre-

gates of polygonal grains. This is supported by the presence 

of well crystallized sanidine at the contact between clasts 

and matrix, which indicate temperature of crystallization 

between 700-1000°C.  

No evidence of shearing or friction melting has been ob-

served along fractures; therefore, the Araguainha shock 

veins are not bona fide pseudotachylites (e.g., impact melt 

rocks generated by comminution and frictional melting). 

The melt behaved a highly mobile fluid that migrated and 

percolated during the following stages of the cratering 

event. It seems that a large fraction of this melt accumulated 

at the crater floor, particularly over the granitic core to form 

the impact melt breccia.  
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Figura 1. False colour image created from spectral analysis 

of SEM compositional maps. The image shows details of the 

flow texture defined by immisible K-feldspar-rich and pla-

gioclase rich melts. 
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