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Introduction:  The Gardnos Impact Structure in 

Norway (60°40’N, 9°00’E) [1] is a 5-6 km diameter 
structure in Precambrian crystalline granitic and gneis-
sic rocks.  Gardnos is an old (546±5 Myr [2]), eroded 
impact, but contains easily accessible exposures of 
impact breccias and melts. The structure is of interest 
to geologists both structurally and geochemically.   
Structurally, Gardnos is one of few structures for 
which shock deformation features can be identified 
despite later metamorphic overprinting [3]. The fine 
field exposures make it a good candidate crater for 
field studies of the melts and ejecta units.   Geochemi-
cally, Gardnos impactites, both melt-rich and melt-
free, contain anomalously high carbon abundance [3-
5].  

Petrography of impactites has been performed by 
French [3] during initial impact confirmation studies 
and in subsequent studies [2, 6].  Impactites are cate-
gorized as i) shocked quartzites, ii) lithic breccias 
(“Gardnos Breccias”), iii) black-matrix breccias, and 
iv) suevitic breccias [1].  Previous geochemical ana-
lyses consist of bulk and powdered whole-rock sam-
ples of each impactites type [3-5].  Geochemical stu-
dies of Platinum Group Elements (PGE’s) in the im-
pactites [5]  have suggested the impactor is a non-
magmatic iron.   

In attempt to fully understand the complex rela-
tionships between the melts, carbon-rich matrix ma-
terial, and target-rock clasts, this study will focus on 
individual descriptions and analyses of component 
material within the breccias and suevites.  

Petrography of Gardnos Breccias:  In hand sam-
ple, the Gardnos Breccias are monomict breccias com-
posed of light-grey, angular, granitic clasts in a dark, 
fine grained matrix. Clasts range in size from 5 mm to 
5 cm and are unaligned in the matrix.  In thin section 
the breccias show no pervasive fabric or grain align-
ment.  Granitic clasts are subrounded to angular and 
are predominantly K-feldspar with lesser quartz. 
Quartz and feldspar grains in the clasts show no Planar 
Deformation Features (PDF’s). Quartz and feldspar 
grains are coated with a dark material which optically 
appears related to the matrix (Figure 1).  The dark, 
carbon-rich matrix [3] is opaque in transmitted light 
and textureless where unaltered. Alteration (clay min-
erals and oxides) is common at margins between ma-
trix and clasts.  Within the matrix, small (<2mm) 
quartz and feldspar grains are common.  Upon rotating 
the thin section using a universal stage, few grains 
show one orientation of PDF’s at 74° relative to the c-

axis. This is similar to the black-matrix breccias re-
ported by French [3] but lacks the distinguishing flow 
textures.  Currently, the relationship between the 
black-matrix breccias and the Gardnos Breccias is un-
der investigation [2,6] , but further field studies are 
necessary. The occurrence of shocked grains in the 
matrix is consistent with the interpretation that the 
Gardnos Breccia was fractured in place, and subse-
quently shocked material was injected into these frac-
tures. We intend to carry out more field and petro-
graphic studies of the both Gardnos Breccias and 
black-matrix breccias. 

 

 
 

   
 
 
  

Figure 1:  Photomicrograph in plane polarized light (ppl) of the Gard-
nos Breccias showing quartz and feldspar grains embedded in a dark 
matrix.   Some grains show coating of dark materials, possibly related 
to the matrix. 

         Petrography of Suevites:  In hand sample, su-
evites are polymict greenish-grey to dark green 
framework supported breccias containing discrete melt 
fragments.  The melt has been recrystallized and heavi-
ly altered to chlorite and other clay minerals.  Lithic 
clasts in the suevites are dominantly granitic gneiss 
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containing K-feldspar and quartz. Lesser amounts of 
amphiboles and opaque phases are also present.  Indi-
vidual quartz and feldspar grains occur in the matrix.  
Both individual grains in the matrix and grains within 
granitic clasts show PDF’s and evidence of shock me-
tamorphism.   
          Melt fragments are unevenly distributed 
throughout the suevites and often form coherent 3-5 
mm clasts (Figure 2) with clear contacts with the sur-
rounding grains.  Such melt clasts are rimmed with 
featureless dark material similar to the dark matrix 
seen in the Gardnos Breccias.  
     To supplement the current geochemical and petro-
logic datasets, we intend to analyze these melt rich 
rocks with electron microprobe spot analyses as well 
as generate high-resolution backscatter electron and x-
ray maps.  Preliminary BSE images show melt frag-
ments contain fine grained crystals of multiple phases 
in addition to relict quartz and feldspar grains. The 
melt makes disitinct contacts with the matrix along 
which some mixing of material has occurred (Figure 
3). Together with optical observations, high resolution 
chemical analyses will help characterize the distribu-
tion and partitioning of  material between rock clasts 
and melt fragments.      
 
 

 
 
 
  These melt clasts are large enough to separate from  
These melt clasts are large enough to separate from the 
lithic clasts the lithic clasts and the matrix in order to 
analyze geochemically. By analyzing individual melt 
fragments for both trace elements and isotopes, we will 
look for i) possible impactor signature in the matrix 
and ii) the source of the melts.  This method may be 
able to resolve small differences in composition that 
could be masked by previous bulk geochemical stu-
dies.  
 

 
 
 
 

Figure 3:  BSE image of a large (~4mm) melt fragment in the su-
evites.   

        Isotope Geochemistry:  The Gardnos pose sev-
eral questions that can be addressed by isotope geo-
chemistry. The anomalously high carbon content is 
thought to be due to incorporation of dark shale target 
units [3-4].  Two shale units do occur in the vicinity of 
Gardnos, but have yet to be studied isotopically. Doing 
so will hopefully allow us to pinpoint the specific 
source of the carbon.   Additionally, isotopic studies 
can add to the PGE data [4] to identify the specific 
impator type.   
     References: [1] Dons, J.A. and Naterstad, J. (1992) 
Meteoritics 27, 215. [2] Kalleson et al 2009. GCA 73 
3077-3092. [3] French, B. M et al. (1997). GCA 61 no. 
4 873-904 [4] Gilmour, I. et al. (2003) GCA, 67 No. 20 
3889-390. [5] Goderis, S.  et al. (2009) Chemical Ge-
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Figure 2:  Photomicrograph of the Gardnos Suevites (ppl) showing a 
large (~4mm) melt fragment embedded  in the matrix.   
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