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VIRTUAL BOREHOLES from ambient noise geophysics

Koen VAN NOTEN, Martin ZECKRA, Thomas LECOCQ, Raphael DE PLAEN, Julien GOVOORTS

FU
N

D
ER

L
in

e
a
r A

rra
y

f : 0.903 ± 0.038 Hz;   A : 11.260 0 

Powerlaw relation between 
resonance frequency and bedrock 

depth from HVSR above 78 
boreholes in Brussels 

ý Fourier spectrum analysis

Sensitive to impedance contrasts 
and able to detect the thickness of 

soft sediments over bedrock

ý Min. 1h record of ambient noise
ý Record divided in 60s windows 

 = Resonance frequency 
-> Corresponding peak 

ý Dividing the Horizontal over   
Vertical spectra

þ Use it BEFORE  making a drilling tender 
þ Quick method

þ Future = Open HVSR database for Belgium

þ HVSR predicts bedrock depth

þ Integrate HVSR in 3D geological models of the bedrock

 HVSR cannot see the 
thickness of weathering

2 weeks continuous HVSR monitoring 
around European Parliament, PHS building

Variability of HVSR with time

depth prediction: 117 m - 124 m 
Bedrock depth: 121 m, f0 variability around 0.86 Hz

Application of the 
powerlaw relation on an 
HVSR curve to create a 

VIRTUAL BOREHOLE

koen.vannoten@seismology.be
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 T�� A�����: S����S��� IGU-16HR 3C ��� IGU-BD3C-5 ��������� T�� ���������: H���������/V������� S������� R���� �� ������� ������� �����

T�� S����: B�������� ��� ���� ��������� ���� ���������� ��������

B������� L������� M�����������, G���������, M��������

T�� �����������: �������� ������� ����� ��� ��������� ���������

V���������� �� ��� ��� �� ��� B������ M�����

SmartSolo® IGU-16HR 3C connected to standard ba�ery
tripods during an urban seismology campaign in Brussels

Boreholes I03 & I07, Clinic St-Pierre, Wavre
57.5 m depth,  : 1.46 Hzf0

Borehole B1, brewery Trois Fontaines, Lot
14 m depth,  : 4.16 Hzf0

Borehole P2,
USquare, Elsene

123 m depth
f0 : 0.84 Hz

Borehole P2, Abatoir, Anderlecht
71 m depth,  : 1.08 Hzf0

Borehole F3 & F3bis, Beaulieu, Anderlecht
99.5 m depth,  : 0.89 Hzf0

Renewal of the Bospoortbrug, Halle. HVSR study before construc�on works. E-W cross-sec�on through St-G-Rode. 
Large bedrock depth varia�ons of 20 m.

Tour et Taxis, Brussels, HVSR cross-profiling with ULB students

Borehole F1, Ghandilaan, Molenbeek
101.5 m depth,  : 0.90 Hz, predicted depth 104 mf0

©Koen Van Noten, Royal Observatory of Belgium

SmartSolo® IGU-16HR and IGU-BD3C-5 seismic sensors 
used for geophysical prospec�on below a bridge in Halle (BE) 

Van Noten et al. 2022 
Journal of Seism. 26, 35-55
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