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Background: The Saarijärvi structure in 

Taivalkoski, northern Finland (65°17.4’N, 28°23.3’E) 
is the northernmost generally accepted impact structure 
in Europe currently located on dry land, and the only 
one in the Fennoscandian Shield formed in Archean 
basement complex. The target consists of Archean 
gneissose granitic and tonalitic rocks, and three gen-
erations of Early Proterozoic metadolerite dykes. 
Saarijärvi is reasonably well studied, especially given 
its small size (current D=1.5−2 km) and inconspicuous 
lake- and bog-filled appearance. This is due the sub-
stantial economic interest that was shown to Saarijärvi 
from the 1800’s up to present day. The main economic 
incentive was the kaolin-bearing Ediacaran and Early 
Cambrian claystone deposited in the structure. In the 
late 1990’s the structure was also considered a possible 
kimberlite pipe. As a result, seven drill-cores − three of 
which extend through the sedimentary rocks to the 
basement − and a great amount of geophysical data 
now exist on Saarijärvi. Despite the wealth of data, 
several aspects of the origin and evolution of the struc-
ture are still very poorly constrained. 

Indications of impact: The impact origin of Saari-
järvi structure was confirmed in 1997, when weakly 
developed planar deformation features (PDFs) in three 
orientations in quartz grains from the depth of ~156 m, 
i.e. from the bottom of the sedimentary sequence, were 
discovered [1]. In addition, quartz grains display pla-
nar fractures (PFs) in multiple orientations, and occa-
sional mosaicism. Later, shatter cones in granitoids 
and metadolerites were discovered as well. However, 
the PDFs described so far [1] have been of the “incipi-
ent” type [2], and not of the well-documented and to-
tally undisputable type [e.g. 3]. Nevertheless, they are 
notably different from tectonic deformation lamellae 
also present in Saarijärvi rocks, and the few measured 
Miller indices are typical for shocked quartz. Overall, 
the “big picture” of the Saarijärvi structure leaves very 
little doubt of the impact origin. 

Pre- or post-impact sedimentary sequence? Fin-
nish impact research has recently been slightly enli-
vened by discussion regarding the pre- or post-impact 
origin of the mainly Phanerozoic sedimentary rocks 
currently filling many of the structures [4]. In Saari-
järvi, the sedimentary rocks have been interpreted to 
be post-impact, thus yielding a minimum age of about 
600 Ma for the structure [1]. However, there is no real 
evidence for the post-impact origin. In all of the drill-
cores, the sedimentary rocks display variable strati-

graphic order, chaotically varying dips of the bedding, 
as well as slump features. Boulders of basement rocks 
are present in the middle of the sedimentary sequence 
in one of the drill cores, as well as in one small out-
crop. These observations hint towards a pre-impact 
origin of the sedimentary rocks, not post-impact. In 
addition, indications of shock metamorphism, like 
poorly developed “incipient” PDFs and PFs in quartz 
grains, are present throughout the sequence. These 
could be explained as detrital grains deposited long 
after the impact, but they could also have been depos-
ited immediately after the projectile impacted the 
sedimentary rocks that were still unconsolidated. 

Tectonic modification: The Oulujärvi shear zone 
is one of the major crustal-scale tectonic features in 
northern Finland. The Auho fault, which is the main 
fault in this shear- and fault zone, passes Saarijärvi 
only about seven kilometers northwest from the struc-
ture. More importantly, also on a local scale notable 
tectonic features are present. The north−south oriented 
Ölkky lake is situated in a beautiful small gorge im-
mediately north of Saarijärvi. Other similarly oriented 
fracture valleys are present southwest from Saarijärvi. 

One of the curiosities in Saarijärvi is the presence 
of a central island in such a small and thus presumably 
simple impact structure. The island is notably elon-
gated in N−S-direction, which is further emphasized 
by its continuations visible in e.g. apparent resistivity 
data. The orientation of the island parallels that of the 
Ölkky lake. Brecciated outcrops in the island consist 
of metadolerites and granitoids, which display evi-
dence of tectonic deformation (cataclastic veins, slick-
ensides, kink-banded sheet silicates) and hydrothermal 
alteration, but no signs of shock metamorphism. Also 
the presence of narrow clinochlore veinlets in the 
heavily brecciated contact of metadolerite and grani-
toid implies tectonic deformation. Hence, the island 
apparently is merely a tectonic block, uplifted well 
after the impact. Possible other similar but smaller 
blocks laying somewhat beneath the surface of the 
sediments may be indicated by minor anomalies in 
gravity and magnetic data. 

The side profile of the Saarijärvi structure, revealed 
e.g. by the gravity and apparent resistivity data, is no-
tably non-symmetric. The southern side of the struc-
ture is deeper, and also the slope of the basin’s wall is 
steeper in the south. Unless an idea of a highly oblique 
impact is provoked, the whole structure must have 
been tilted towards south, leading to more severe ero-
sion on the northern side of the structure. Six existing 
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gravity profiles, three of which cross the whole struc-
ture including the central island, would make a de-
tailed 3D-gravity modeling of the structure possible, 
enabling also more robust interpretations of the tec-
tonic modification in Saarijärvi. 

The tectonic modification is apparently a relatively 
late feature in the evolution of the Saarijärvi structure. 
This is indicated by the fact that especially the clayey 
part of the sedimentary sequence is strongly fractured 
obliquely to bedding, often with “polished” slickenside 
surfaces. Therefore, it seems probable that the major 
tectonic deformation of the structure took place after 
the consolidation of the sedimentary sequence, and 
thus could not have been the main cause for the ob-
served chaotic nature of the sediments now filling the 
structure. This further implies that the sediments could 
well have been deposited before the impact. Thus, the 
probable age for Saarijärvi structure is less than ~520–
600 Ma, and not 600–1980 Ma as previously believed.  

The breccia problem: A highly interesting aspect 
in the discussion of pre- or post-impact sedimentation 
in Finnish impact structures is the question of impact 
breccias. Even in simple craters a small amount of 
suevite should be present, with larger quantities of 
lithic breccia. None can be found in Saarijärvi. The 
sedimentary rocks lie directly on the basement in all 
three drill cores that reach the basement. The basement 
itself is somewhat fractured and weathered, but not 
brecciated. Hence, it is apparent that no major amounts 
of breccia are currently present in the northern or cen-
tral parts of the Saarijärvi structure. 

If the justified idea that Saarijärvi is an impact 
structure is accepted, then a means to dispose of im-
pact breccias is needed. It ought to be kept in mind, 
that the structure is currently filled with sedimentary 
rocks that are generally quite soft and easily disinte-
grated. Yet they have been retained in the depression 
for the past 600 Ma, surviving e.g. several glaciations, 
whereas the usually somewhat more coherent impact 
breccias seem to be totally absent.  

Shatter cones and concentric craters: The mini-
mum pressure where shatter cones can be formed is ~2 
GPa. Such pressures can be found in the rocks of the 
crater floor and the central uplift. No true shatter cones 
have been found in the crater rim or beyond it, because 
the shock pressure on the rim is about a magnitude 
lower than required for shatter cone formation. How-
ever, in Saarijärvi, shatter cones are found in an area 
beyond the current depression. The majority of these 
are in local granitoid boulders that have not moved 
substantially. Even if they had moved, glacial transport 
direction indicates that they would have moved to-
wards the center of the structure.  

If impact occurs on a stratified target with a weak 
layer on top of a more rigid one, a concentric crater 

should form [e.g. 5, 6]. If it is accepted that Saarijärvi 
area was covered by unconsolidated sedimentary rocks 
when the impact occurred, Saarijärvi could be a con-
centric crater. In this model, the current depression 
filled with sedimentary rocks represents the inner cra-
ter, whereas the shatter cones were formed on the floor 
of the outer crater. If this was the case, then very little 
erosion has occurred. However, until numerical model-
ing of a Saarijärvi-sized concentric crater formation is 
performed, it remains rather speculative if shock pres-
sure in the floor of the outer crater can reach the ~2 
GPa required for the shatter cone formation. 

Other open questions: Geochemistry of dark cata-
clastic veinlets in the central island is another prob-
lematic issue. The veinlets have elevated nickel con-
tents up to 270 ppm, and Ni/Cr-ratios are several times 
higher than in typical granites. In fact, they are even 
slightly higher than chondritic ratios. Although 
meteoritic contamination is an appealing explanation, 
hydrothermal leaching and precipitation from the 
metadolerites, probably occurring in conjunction with 
the tectonic modification of the structure and the uplift 
of the central island, is a more plausible one. However, 
further studies including e.g. platinum group elements 
of the veinlets, breccias and host rocks should be made 
before any firm conclusions can be drawn.  

Summary and conclusions: The Saarijärvi impact 
structure is filled with Ediacaran and Early Cambrian 
sedimentary rocks, now interpreted to be of pre-impact 
origin. Although the shatter cones are rather crude and 
in the “wrong” place, PDFs are of the “incipient” type, 
high Ni/Cr-ratios of cataclastic veinlets inconclusive, 
and impact breccias lacking, the structure most likely 
was caused by an impact <520–600 Ma ago. Saarijärvi 
could have originated as a concentric crater, with the 
shatter cones now marking the floor of the outer crater. 
However, modeling of shock pressures in small im-
pacts to layered targets is required to estimate how 
realistic such a scenario in Saarijärvi actually is. 
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