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Seismic stations are part of the GEOFON/Aarhus temporary network composed of 30
 three-component and continuous recording stations which were operating for different 

periods between 2002-2005 (Table 1). The seismographs were installed in private properties 
far away from sources of noise (Svenningsen et al., 2007). In this research, just the recordings 

of twelve of them were used, according to our study area (Figure 2 & Table 1). Seismic
 data were obtained from the GEOFON Data Center, which is available online, using 

their web3DC service for selection and extraction. A total of 801 earthquakes with minimum
 magnitude of Mw=5.5 were recorded during that period, from which those with epicentral 

distances between 30° - 90° were kept for further analysis (Table 1). 
After visual inspection and quality filters applied, just the events with high signal quality 

were considered. Using these criteria, the number of accepted events varies from 
one station to another. 

D. Seismic network & data

B. Outline  

C. Geological setting
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61.904
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/

 
33

 

BT20
 

60.388
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/
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6.386
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/

 
59
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101
 

121
 
/

 
29

 

BT17
 

60.423
 

7.273
 

721
 

114
 
/

 
44

 

 

Total events vs
selected events

TABLE 1

E. Methodology
1. Receiver function calculation 2. HK stacking calculation 3. Transdimensional inversion

Individual receiver functions were used in 
the HK subroutine available for SAC 
(Helffrich et al., 2013). This routine 
considers as inputs the individual ray
parameters (p) per event and a Vp average 
crustal velocity of 6.2 km/s, minimizing the 
RMS during the HK stacking process. The 
weighting factors were 0.5, 0.4 and 0.1, 
respectively, representing the direct P-to-S 
conversion, Ps, and the reverberations 
PpPs and PsPs + PpSs. By last, the selected 
ratio ranges were 20 < H < 50 and  
1.5 < K< 2.2 for the crustal thickness and 
Vp/Vs ratio, respectively.

After the preprocessing, the RFs were 
calculated using the Iterative Time Domain 
Deconvolution (Ligorria & Ammon, 1999),
available in the CPS package (Hermann, 2013)
for the radial component. After testing, the
selected Gaussian filter was set to a= 2.0, 
corresponding to a gain of 0.1 at approximately
1 Hz. This selection allowed us to remove the
remanent high frequency noise and to better
define the spikes of interest. The calculation
process consisted of 1000 iterations and a 
tolerance error equal to 0.0001%, which 
allowed us to reproduce higher percentages 
of the signal.

The average RF considering all selected 
events was used as an entry data vector in the 
Rj-rf code. This is an open-source software for
inversion of seismic receiver functions to 
obtain the 1D shear wave velocity structure 
under each station using the reversible jump 
Markov chain Monte Carlo algorithm 
(Bodin et al., 2012). Initially, it is possible to
fix the number of iterations (5000), the 
burn-inperiod (1000), and the maximum 
number ofpartitions of different velocities (15).

2D crustal scale velocity models for western Norway derived from receiver function analysis and trans-dimensional inversion

Receiver functions are the deconvolved P to S conversions of tele-seismic waves at 
sub-horizontal crustal-upper mantle discontinuities (figure 1). Because of this natural conversion, 

they constitute a very useful technique to find detectable interfaces such as intra-crustal
 discontinuities or major transition zones, like the Mohorovicic discontinuity 

(Zhu & Kanamori, 2000). Lately, they have been used as input data in order to calculate 
velocity models, treating the inversion process as a trans-dimensional problem, which

 means that the thickness and the number of layers are also unknown variables 
(Piana Agostineti & Malinverno, 2010; Bodin et al., 2012). 

Seismic tomography, active source seismic 
refraction and receiver function analysis have shown 

the resultant litospheric structure under Southern Norway, 
showing in general clear Moho discontinuities and 

non-pronounced intracrutal low and high velocity anomalies.
However, some flat-lying structures near the Moho and 

Moho offsets inferred for example by Stratford & 
Thybo (2011b) and Svenningsen et al. (2007), have not

been fully explained so far.

Direct P- wave

Ps PpPs

PsPs+PsSs

Synthetic receiver function

Station Moho depth Vp/Vs 

JH07 49.76 ± 0.18 1.90 ± 0.05 

JH10 44.20 ± 0.46 1.85 ± 0.01 

JH12 39.03 ± 0.54 1.81 ± 0.02 

JH08 37.77 ± 0.60 1.66 ± 0.02 

JH13 41.17 ± 0.66 1.69 ± 0.02 

JH09 39.21 ± 1.12 1.69 ± 0.04 
 

Northern profile (NN’)
Station Moho depth  Vp/Vs 

BT23 30.51± 1.71 1.54 ± 0.05 

BT21 31.63± 1.10 1.69 ± 0.06 

BT20 30.99± 0.34 1.50 ±    0.04 

BT19 34.97± 0.39 1.89 ± 0.01 

BB18 38.82± 0.37 1.62 ± 0.02 

BT17 36.69± 0.90 1.61 ±  0.03 

 

Southern profile (SS’)

The earliest Ps arrivals (~2.5 – 3.5 s) are observed for stations BT23, BT21 and BT20, where
 the thinnest crust was found (Table 2). The crust becomes thicker under stations BT19, BB18

 and BT17, which is also reflected in the Ps arrival times (~4.0 – 5.0 s), with a Moho depth
 varying from 35 to 39 km. In the velocity model, several intracrustal discontinuities could be

observed. The velocity transitions are smooth for stations BT21, BT19 and BT17. On the 
contrary, sharp interfaces are clearly identifiable in the first 10 km depth under stations BT23, 

BT20 and BB18. The most patent interface is related with the Mohorovicic discontinuity 
(Figure 5). In all the cases, the velocity changes from the crust to the adjacent upper mantle
goes from 3.8 to 4.2 km/s (Figure 5), as was also observed in the velocity models of nearby 

stations of the MAGNUS network (Maupin & Kolstrup, 2013). 
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The Caledonian orogeny (490-390 Ma) was one of the major tectonic events on the Fennoscandian
shield, formed during the collision between Baltica and Laurentia. During this period, 

allochthonous nappes were thrusted onto Fennoscandian basement rocks from the west, forming 
four well identified nappe units, from which three are present in southern Norway
(Stratford & Thybo, 2011b): the upper, middle and lower allochton Caledonides  

Western Norway is dominated by the Western Gneiss Region (WGR; Figure 2), an area that was 
strongly reworked during the Caledonian orogeny. It is composed of high to ultra-high pressure rocks, 

including eclogites in the northwest, indicating ultra-high pressure depths around 425-400 Ma 
(Hacker et al., 2010). In fact, subduction down to 100 km depth in the west to 20 km in the east,

suggests westward subduction of the basement and portions of the allochthons units
(Walsh et al., 2007). During post-orogenic collapse in the late-Caledonian  

 (Hacker et al., 2010), the ultra-high pressure rocks of the WGR were exhumed (Walsh et al., 2007).     

CLUSTER ANALYSIS

Main references & software:
 

A. Introduction

 We present a receiver function analysis along two profiles located in north- and
southwestern Norway. One of them, the northern profile, is crossing the entire Western

Gneiss Region (Figure 2). In order to understand  and better image the crustal structure and the
Moho transition zone, including complex sub-Moho structures, we used the tele-seismic data, 
recorded by twelve broadband seismic stations, which constituted a temporary array deployed

 by the University of Aarhus as part of the GEOFON global network (Figure 2). Further, using the
 Hκ technique (Zhu & Kanamori, 2000), we calculated the Moho topography and the Vp/Vs

ratios under each station in order to compare the method with previous results as well 
as to constraint the local geology. At last, a 1D S-wave velocity model based on Markov chains

 and the Monte Carlo approach (Rj-McMC inversion) was calculated (Bodin et al., 2012)
 in order to observe the main velocity interfaces that characterize the area, including for example 

discontinuities as well as the crustal-mantle transition zone and its features.

F. Results: HK stacking & transdimensional inversion

2D velocity  models  and conceptual sketch

a . Geological Survey of Norway (NGU), Trondheim, Norway 

 Marco Brönner  & Claudia Pavez 
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 For stations JH07, JH10 and JH12 the Ps arrival times are ranging between 7.5 to 6.0 s. from
 west to east, indicating a very thick crust near to the coast.  Regarding stations JH08, JH13

 and JH09, our findings exhibit in general Ps arrival times around 5 s.
In relation to the velocity model for the northwestern profile (Figure 5), sharp discontinuities
 can be observed between 5 to 10 km depth for all seismic stations, with exception of JH08. 

 In addition, a high velocity anomaly can be observed between ~20-24 km depth under 
station JH09. As could be noticed for the southern stations, the Mohorovicic discontinuity is
 the most evident interface along the profile. Velocities to the lower crust to the immediately 

upper mantle are ranging from ~3.8 to 4.1 or 4.2 km/s. Under station JH07, the average 
velocity model shows an extensive crustal-mantle transition area: a low velocity zone is 
observed between ~ 40 - 43 km depth, after which the interface could be divided in two 

different velocity segments from ~43 to 46 km depth and from ~46 to 49 km depth (Figure 5). 

 This paleo-structure is observable from ~40 to ~49 km depth in the 1D velocity model (Figure 5), where the velocity transitions
 are interpreted as the‘real’ Moho depth, at ~40 km depth, a mantle wedge characterized by a low velocity zone,   the presence of an

  old crustal segment from Baltica and finally the upper mantle, interface that was interpreted by the model as the largest velocity transition 
  (Figure 5 & Figure 6). This structure extends almost 70 km inland from station JH07, which coincides with the westernmost 

border of the Western Gneiss Region (Figure 2) and the 2D projection shows a dipping angle of ~30° to the northwest (Figure 6).    

This hypothesis is strongly supported by the high Poisson’s ratios (Table 2) that are registered under the westernmost stations
 of the northern profile. The subduction processes that involved ultra-high temperature and pressure conditions may

 have caused a phase transition from mafic rocks to eclogite facies (Hacker et al. 2010), transforming the old subducted crust
 into mantle-like rocks, increasing the Poisson ratio with respect to a tectonically stable crust (Qiang et al., 2010). 

On average, the Poisson’s ratio increases with the age of the crust (Zandt & Ammon, 1995) and in this case
the continental collision process suggest an intermediate-to-mafic composition. Additionally, very high Poisson ratios have been

 previously connected with the presence of melts/fluids that according our results should be in the proposed mantle wedge 
(Hajra et al., 2019). 

The most noticeable feature regarding 
the Moho depths and velocity models

  is the very thick crust obtained 
under stations JH07 & JH06. In these 
cases, our results exhibit significant 

differences with previous models
 already published which indicate a  crust 
 between 5 to 16 km less.The difference 

between our results and previous research
  at the westernmost stations of the northern 

 profile could be explained bearing in 
mind the presence of a paleo-structure

that has been formerly documented and 
explained as a flat lying reflector in the upper 
 mantle close to the Mohorovicic discontinuity,

 with depths varying between 46 ± 3 km
 (Svenningsen et al. 2007; Stratford & Thybo, 

2011b; Kolstrup & Maupin, 2013).

An schematic model linked to the 1D velocity results 
(Figure 5) is presented according to the tectonic summary 
made by Hacker et al., (2010) (Figure 7). At the 
beginning, between 415-400 Ma, the subducted plate 
could be divided in two different segments (A and B): an
 incipient slab tear and the remnant crust that was 
previously exhumated lately between 400 – 395 Ma
 (Hacker et al. 2010). The paleo-slab corresponding to the
 exhumated crust formed a mantle wedge (low velocity
                            zone) that still remains under the
                            northern profile. The oldest crust 
                           (Figure 7) even now preserves its  
                           own velocity transient, after which the 
                           upper mantle can be found with S-wave
                           velocities going beyond to 4.1 km/s. 
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FIGURE 2
A) Map containing the three 
main crustal domains at the

Fennoscandian shield 
(modified from Stratford 

& Thybo., 2011) and B) the
outline of southern Norway

 showing some of the
 main geological units close

 to the study area. 
The seismic stations are
 marked with pink dots. 

Northern (NN’) and southern
 (SS’) profiles are also shown. 

WGR - Western Gneiss Region
HRB - Hardangervidda-Rogaland 

Block
SFDZ - Sveconorwegian Frontal 

Deformation Zone

Station names, 
location and elevation.

The last column
 shows the number of 

accepted events  for receiver 
function calculation.

FIGURE 3
Schematic representation of a 

one-dimensional transdimensiona
l model applied to receiver 

function inversion.  m   represents
 the velocity, which is the model
 unknown, but additionally the

 number of layers and their
 thicknesses are also a variable.  

i

FIGURE 4 Receiver function examples for northern 
(JH13) and southern profiles (BB18) TABLE 2  Moho depths and Vp/Vs parameters for northern and southern profiles

FIGURE 5  Posterior ensemble showing the 1D-S wave velocity model for all stations located in the northwestern and
southwestern profiles

Real moho

False moho

FIGURE 6 2D Vs-velocity model for NN’ and SS’ profiles. Seismic stations are shown with yellow triangles, and the delimitations
  between the upper and middle crust and  the Moho discontinuity are marked with black dotted lines.
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FIGURE 7
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Schematic tectonic model that explains the results obtained from the 1D and 2D velocity models. 
The tectonic stages and the metamorphism information were obtained from the diagrams made by 

Hacker et al. 2010 according to his research and references there in. a) Stage 1, which shows in a simple 
way the main tectonic elements involved in the continental collision. b) Stage 2, showing how the

 exhumation process could modify the crustal mantle transition zone.   
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