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Abstract 

Here we present the findings of shocked quartz in 

drill core samples from the Målingen structure in 

Sweden, thus proving that the structure is impact 

derived. Furthermore, the ages of the deposits that fill 

the depression at Målingen are identical to features at 

the nearby Lockne impact structure. Thus, Målingen 

is most likely a small twin crater to Lockne. 

1. Introduction 

The 700 meter in diameter circular Målingen 

structure, located in the Jämtland province of central 

Sweden, has for long been considered a geological 

anomaly [1–3]. The occurrence of sedimentary 

breccias in combination with its circular shape and 

similar age as the nearby ~7.5 km diameter early Late 

Ordovician Lockne impact structure (N 63°00’, E 

14°49’; Fig. 1) evoked the suggestion that it is an 

impact crater formed in conjunction with Lockne [2–

4]. However, in the absence of any subsurface 

information of the structure the hitherto consensus 

has been that it is a tectonic feature caused by the 

Caledonian orogeny [5]. 

In this study, thin sections from samples of the 

148.80 meter long Målingen-1 A&B drill core from 

within the Målingen structure have been investigated 

and searched for microscopic shock metamorphic 

features, in an attempt to verify whether the structure 

is indeed impact derived.  

2. Material and Methods 

At this point we have studied four intervals of the 

Målingen-1 A&B drill core; 108 meters, 111 meters, 

114 meters and 115 meters. The sampled intervals 
are all within a polymict breccia that is located at the 

 

Fig. 1. a) Orientation map of the Lockne and 

Målingen area. The circle outlines the 7.5 km 

diameter Lockne impact structure. b) Simplified 

geological map of the Målingen structure (close-up 

of the rectangular area in a). Modified from [5]. 
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estimated depth of the true crater floor, below the 

slump deposits that make up the main part of the 

infill.  

 

Two thin sections were prepared from each sample 

and searched for shock metamorphic features in 

quartz grains under optical microscope. Quartz grains 

displaying planar deformation features (PDFs) were 

further studied using a Leitz 5-axes universal stage [6] 

and the crystallographic orientations of identified 

PDFs were determined according to techniques 

described in [7, 8]. 

 

3. Results  

Shock metamorphic features in the form of decorated 

PDFs where found in four grains from the 114 meter 

interval and in two grains from the 111 meter interval. 

No PDFs could be identified in the 108 and 115 

meter intervals. The quartz grains with PDFs are 

between 100-400 µm in size, angular and commonly 

display undulose extinction (Fig. 2). Of the six 

shocked grains, three display a single set of PDFs, 

two with PDFs oriented parallel to the basal plane c 

(0001) and one with a set parallel to crystallographic 

plane ω {10 3}. Two grains contain two sets; one set 

oriented along (0001) and one parallel to 

crystallographic plane ω {10 3}. One grain displays 

three sets of PDFs, with one set oriented along (0001) 

and two parallel to crystallographic plane ω {10 3}. 

 

 

Figure 2. Thin section photomicrograph of shocked 

quartz grain displaying two decorated PDF sets 

(uncrossed polars). 

 

 

 

4. Discussion and Conclusion  

Quartz grains displaying PDFs oriented along 

crystallographic planes typical for shock 

metamorphism are present in the Målingen structure. 

The shocked quartz grains are found in the lower 

parts of structure below the sediment fill, proving 

that the shocked material is not transported from e.g., 

Lockne. Thus, the Målingen structure is indeed 

impact derived. 

 

The ages of the deposits that fill the depression at 

Målingen are identical to those of the Lockne impact 

structure, implying that Målingen is most likely a 

small twin crater to Lockne. Whether the bolide 

responsible for the formation of the Målingen 

structure was a separate object or part of a binary 

asteroid, is at this stage not known.  
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