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Ground-pen e trat ing ra dar (GPR) was used to ana lyse the cir cu lar Vaidasoo bog in north ern Es to nia. This was done to better
un der stand its struc ture and or i gin, and to test the sug ges tion that Vaidasoo rep re sents a me te or ite im pact struc ture. The
com bi na tion of GPR with LIDAR data sug gests that Vaidasoo bog is de vel oped in a NW–SE ori ented gla cial tun nel val ley
where post-gla cial hy drol ogy is af fected by glaciofluvial de pos its. As no clear im pact-mod i fied bed rock fea tures were iden ti -
fied and the cir cu lar bog does not mir ror the to pog ra phy of the bed rock, we con clude that the Vaidasoo struc ture does not
rep re sent a me te or ite im pact struc ture.

Key words: Vaidasoo struc ture, ground-pen e trat ing ra dar, Es to nia, peat. 

INTRODUCTION

Pres ently, three struc tures (Kaali, Kärdla and Neugrund) of
con firmed im pact or i gin are known in Es to nia (Plado, 2012).
How ever, there are sev eral other cir cu lar struc tures the or i gin of 
which has been un clear. One such struc ture, the 325-m-di am e -
ter Vaidasoo struc ture (cen tered at 59°16’5’’ N; 25°2’34’’ E; Fig. 
1) is lo cated in north ern Es to nia. A me te or ite im pact or i gin was
sug gested by the am a teur ar chae ol o gist P. Böckler in 2004
(Terasmaa, 2006). The sug ges tion was based on an ae rial pho -
to graph where a cir cu lar struc ture stands out (Fig. 1). To study
the struc ture and to ex plain its or i gin, the Geo log i cal Sur vey of
Es to nia (GSE) drilled a 16 m deep hole into the cen tre (for lo ca -
tion see Fig. 1) of the cir cu lar fea ture in March 2006. The  bore -
hole re vealed that the lime stone bed rock is fis sured whereas
the top most 3 m is frag mented. On top of the bed rock lies a blu -
ish-grey silt layer up to 1 m thick, which is cov ered by up to
0.5 m of whit ish cal car e ous lake de pos its, con tain ing mol lusc
shells. The lake de pos its are over lain by a 4.5 m thick suc ces -
sion of marsh and bog de pos its. The drill ing and geo phys i cal
re sults were re ported by Suuroja et al. at the Lockne Meet ing
"Im pact crat ers as in di ca tors of plan e tary en vi ron men tal evo lu -
tion and astrobiology" in 2006.

A weak, 0.2 mGal neg a tive anom aly was iden ti fied from two 
ap prox i mately 1 km long grav ity pro files made by the GSE.

Suuroja et al. in 2006 (at the Lockne Meet ing) con cluded that
Vaidasoo may rep re sent a deeply eroded me te or ite im pact
struc ture but left the or i gin of the struc ture open to de bate.

The Vaidasoo struc ture is lo cated on the north Es to nian
Lime stone Pla teau where Ediacaran, Cam brian, and Or do vi -
cian sed i men tary bed rock with a to tal thick ness of ~200 m lies
on the south ern slope of the Pre cam brian Fennoscandian
Shield (Suuroja et al., 2003). In the re gion, Up per Or do vi cian
lime stone (Kahula and Rägavere re gional for ma tions) ap pears
at 40–45 m a.s.l. The up per most sur face of the lime stone is dis -
sected by old, pres ently bur ied, in ci sions of gla cial or i gin. The
Vaidasoo struc ture is lo cated in a NW–SE trending bur ied val -
ley that is about 1.5 km wide and 5–10 m deep, and be comes
nar rower and deeper to wards the SE. The bed rock in gen eral is
over lain by Qua ter nary de pos its: 

– gla cial till, 

– glaciofluvial sands and gravel, 

– marsh and bog peat de pos its. 
The glaciofluvial de pos its oc cur mainly as NW–SE-ori ented

esker ridges, as re vealed by a geo log i cal map of Qua ter nary
de pos its and mod ern to pog ra phy (Fig. 2). 

Top o graphic lows of the re gion are of ten filled with peat de -
pos its (Suuroja et al., 2003). A sharp cir cu lar bor der line (see
Figs. 1 and 2) marks the bound ary be tween the ~325 m di am e -
ter pine wood-cov ered raised bog and mixed for est-cov ered
tran si tional mire. The cir cu lar struc ture is crossed by a W–E-
 trending high volt age power-line. A sand and gravel quarry is lo -
cated just north of the Vaidasoo struc ture.

Be low, we pres ent re sults of a GPR study over the
Vaidasoo struc ture. The study is ap plied to shed light on the or i -
gin and subsurface mor phol ogy of Vaidasoo.
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METHODS

The GPR method is widely used as a non-de struc tive geo -
phys i cal tool to in ves ti gate shal low subsurface struc tures.
Ground- pen e trat ing ra dar emits elec tro mag netic waves (EMW) 
in fre quen cies rang ing from tens of MHz to a cou ple of GHz into
the ground and reg is ters sig nals re flected back from sub -
surface dis con ti nu ities and in ter faces of lay ers of dif fer ent di -
elec tric prop er ties. The pres ent GPR field work was per formed
in July 2010. The pro files were re corded with a Zond 12-e sys -
tem by Ra dar Sys tem Inc. (Lat via) us ing 300 MHz fre quency.
The dis tances were mea sured by odom e ter wheel, which was
also used to trig ger the mea sure ments at con stant spac ing (set
to 10 cm). A GPS de vice con nected to the ra dar sys tem was
used for po si tion ing. The po si tional ac cu racy is es ti mated to be
~5 m in open view and about 10–15 m in for ested ar eas. The
top o graphic cor rec tions were cal cu lated at about 10 m spac ing
on pro files us ing an in verse to dis tance weigh ing al go rithm by

com bin ing po si tional data and LIDAR mea sure ments of the Es -
to nian Land Board. De spite rel a tively large po si tional in ac cu -
racy in lat eral di rec tion, the ac cu racy in ver ti cal di rec tion is es ti -
mated to be only a few decimetres, be cause the land scape is
rel a tively flat. To im prove the sig nal-to-noise ra tio, stack ing of 4
mea sure ments was ap plied. Prism2 soft ware was used for data 
pro cess ing, which in cluded (i) a bandpass fil ter with the aim to
re move oc ca sional low-fre quency in ter fer ence and (ii) time-de -
pend ent gain. To con vert two-way travel time mea sured by ra -
dar de vice to a depth-scale, ve loc i ties of 0.036 m ns–1 for
peat-cov ered ar eas (Plado et al., 2011) and 0.106 m ns–1 for ar -
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Fig. 1A – geo log i cal sketch map of the Es to nian sed i men tary
base ment show ing the lo ca tions of proven and sug gested im -
pact struc tures, in clud ing Vaidasoo (MG  – Mishina Gora me te -
or ite im pact crater, in Rus sia); B – Vaidasoo struc ture on an
ae rial pho to graph (Es to nian Land Board); the red and yel low
lines in di cate lo ca tions of the ground-pen e trat ing ra dar paths;
im ages along the red ones are il lus trated by Fig ure 3; a yel low
dot marks the lo ca tion of the bore hole cored by the Geo log i cal
Sur vey of Es to nia

Fig. 2A – top o graphic data of the study site ob tained by LIDAR
mea sure ments (Es to nian Land Board); B – Geo log i cal map of
Qua ter nary de pos its (orig i nally at a scale of 1:50 000; sim pli fied 
af ter Suuroja et al., 2003)



eas cov ered by min eral soil (wet sand; Da vis and Annan, 1989), 
were used. In ter pre ta tion of the GPR im ages is sup ported by
the drill ing data.

RESULTS

The max i mum thick ness of peat reaches 4.8 m in the cen -
tral part of the cir cu lar raised bog and de creases smoothly in
the di rec tions of the tran si tional mire (Fig. 3). The re flec tion pat -
tern of GPR im ages re veals two dis tinc tive parts: (i) the up per
part, which cor re sponds to peat with a smaller de gree of de -
com po si tion (bog peat), char ac ter ized by more nu mer ous and
higher in ten sity re flec tors com pared to (ii) un der ly ing peat with
a higher de gree of de com po si tion (fen peat) and lake sed i -
ments that ap pear as a layer with no or lit tle in ter nal re flec tivity.
The in ter face be tween the or ganic/lake de pos its and un der ly ing 
silt or gravel is un am big u ously de tect able across the whole
area. This en abled the iden ti fi ca tion of the un der ly ing re lief and
mor phol ogy of the de pres sion. The char ac ter is tics of the re flec -
tion pat terns of silty glaciolimnic sed i ments and sandy gravel in
the glaciofluvial esker are too sim i lar to be dis tin guish able in the 
ra dar data.

The de pres sion that is filled by peat and lake sed i ments,
has a gently (~1 m) un du lat ing to pog ra phy. It is sur rounded by
side mar gins, but these are not lo cated sym met ri cally with re -
spect to the cir cu lar fea ture. The sides are steep est in the east -

ern part of the study area, where the max i mum dip of the slope
reaches 6°. In the west ern and north ern part of the de pres sion
the dip of the slopes is in the range be tween 0.6 and 2.2°. The
ra dar data do not re veal the side mar gin of the de pres sion on
the south ern side of the struc ture (Fig. 3). Thus, the cir cu lar
raised bog (sug gested im pact struc ture) does not co in cide with
the de pres sion. Also, we note that the de pres sion is not cir cu lar
and its slopes do not re veal any signs of dis lo ca tion. The pro -
files con ducted over the east ern slope of the bed rock de pres -
sion re veal glaciofluvial sed i ments as an esker. No de formed
bed rock in the pro posed crater rim area was found.

The hump in the bot tom of the de pres sion (marked with up -
wards point ing white ar rows in Fig. 3) may con sist of clay-rich
de pos its be cause the GPR sig nal is not able to pen e trate into
the hump and it is in stead re flected from the top of the struc ture. 
As in di cated on the cross ing GPR pro files, the di men sions of
the hump (80 m in the west-east and 25 m in north-south di rec -
tions, and 0.8 m in height) re sem ble those humps to the south
and south-west of Vaidasoo bog (Fig. 2), which are all in ter -
preted to be re ces sional mo raines.

DISCUSSION

Ground-pen e trat ing ra dar is a widely used and ef fec tive tool 
to mea sure the thick ness of the peat and iden tify the base mor -
phol ogy of peatlands. Good pen e tra tion depth within peat and
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Fig. 3. Ra dar im ages along pro file 1 (A) and pro file 2 (B) 

Top o graphic cor rec tions for ra dar im ages are based on LIDAR data; see Fig ure 1 for lo ca tions of the pro files; black ver ti cal ar rows de note
the peat-min eral soil in ter face; up wards point ing white ar rows mark plau si ble re ces sional mo raine ridge; down wards point ing white ar rows
mark the hyperbolae in duced by high volt age power lines in the air; drill ing re sults are shown on the pro files; note that the ver ti cal scales are
ex ag ger ated (A – 26 times; B – 19 times)



strong re flec tions from the peat-min eral soil in ter face af ford
clear-cut vi su al iza tion of the un der ly ing struc tures of the peat
body (Slat er and Reeve, 2002). 

The cir cu lar peat bog body of Vaidasoo, which has su per fi -
cial sim i lar i ties to a me te or ite im pact struc ture, is not re flected in 
the shape of the de pres sion be low the peat. First, the size of de -
pres sion is sig nif i cantly larger than the cir cu lar struc ture out -
lined. Sec ond, the de pres sion has no mar gins in the south ern
and northwest ern sides at dis tances that would be com pa ra ble
to the di am e ter of Vaidasoo. Also, the ex ist ing slopes of min eral 
soil are at a low an gle for an im pact struc ture. Third, no hints of
im pact-gen er ated dis lo ca tions or fea tures that could re sem ble
a rim struc ture were iden ti fied.

Drill ing con ducted in March 2006 by the Geo log i cal Sur vey
of Es to nia, re vealed frag mented lime stone in the cen tre of the
struc ture, whereas the GPR pro files did not show any dis lo -
cated lime stone blocks or traces of frag mented lime stone in the
area. The frag mented lime stone in the bot tom of the struc ture
was prob a bly not iden ti fied by GPR be cause the over ly ing silt
at tenu ates the sig nal. In con sid er ation of a me te or ite im pact hy -
poth e sis, the  pos si bil ity ex ists that the orig i nal im pact struc ture
has been eroded. How ever, if this is the case, there ex ists no di -
rect ge netic re la tion ship be tween the bed rock to pog ra phy and
the pres ent cir cu lar bog. We sug gest con sid er ing the pos si bil i -
ties that the top lay ers of lime stone rep re sent a layer of
clay-poor lo cal mo raine.

The GPR and top o graphic data of the re gion sug gest that
de vel op ment of the raised bog is con nected with the
glaciofluvial chan nel and gen eral hy drol ogy of the area. The
eskers to the east of the struc ture are of type II (Brennand,
2000) i.e. a sys tem of al ter nat ing glaciofluvial ridges and fans.
One of the fan-like de pos its ex ists a few hun dred me ters to the
north of Vaidasoo bog and a few more can be ob served ev ery
1.5–2.0 km north wards along the esker sys tem. De spite be ing
formed of sand and gravel, glaciofluvial de pos its hin der sur face

wa ter flow in the con sis tently slightly north wards tilted to pog ra -
phy. A sim i lar ef fect was also ob served by Laitinen et al. (2008)
and The Proc tor and Red fern Group Ltd. (1984). As con stantly
wet con di tions were pres ent, the growth of a peat-form ing flora
and the ac cu mu la tion of a peat-started. Af ter fill ing the large ar -
eas sur round ing Vaidasoo with marsh and mire sed i ments, the
con di tions start to change from minerotrophic to ombrotrophic,
and for ma tion of a raised bog started. When geo log i cal ob sta -
cles pre vent ing peatland ex pan sion (pos i tive land forms) are ab -
sent, the peatlands tend to form cir cu lar raised bog bod ies
whose mar gins do not co in cide with the mar gins of the un der ly -
ing de pres sion.

CONCLUSIONS

The GPR study at Vaidasoo bog re vealed that the cir cu lar
pat tern of veg e ta tion is not mir rored in the shape and size of the
bed rock de pres sion. No dis lo cated or re ori ented bed rock was
iden ti fied. GPR and top o graphic/geo log i cal data from the area
sug gest that the de vel op ment of the raised bog was con nected
with a glaciofluvial chan nel and the gen eral hy drol ogy of the
area. In the lat est stages of Vaidasoo for ma tion, there were no
geo log i cal ob sta cles to pre vent peatland ex pan sion and it
formed a cir cu lar raised bog. Thus, we pro pose that the cir cu lar
Vaidasoo struc ture rep re sents a raised bog that formed in a
peat-filled hol low in a NW–SE ori ented bed rock de pres sion,
and is not re lated to an im pact event.
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