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SUMMARY

A network of four stations covering southeastern Sweden has
been operated for the period Oct 1 1986 - Mar 31 1987. The
project is financed by SKB. During the period no earthquakes
within the four station network were detected. Seven other
earthquakes in southern Sweden were detected and they have
been analysed by use of data from all seismic stations
operated by Foa. Three of these events were aftershocks to
the strong Skoevde event, 860714, ML=4.5. This made it
necessary to include the Skoevde main event together with

a couple of earlier aftershocks in the analysis presented

in this report. Thus the present study gives 10 new earth-
quake mechanisms. Three of these events are in the range ML=
3.5-4.5. Of the earlier about 170 earthquake mechanisms
available for southern Sweden the largest is ML=3.2. The
earthquakes of the present study thus give significant new
information about Swedish seismic activity. The results are:

- the focal depths of the larger events of the lake Vaenern
area are about 27 km, this is deeper than the most common
earthquake depths 7-18 km, actually all but one of the
earthquakes in this report are deeper than 18 km

- the horizontal stresses relaxed by the new earthquakes
agree with previous studies, WNW-ESE compression

—- the static stress drops are high for the larger events,
above 30 MPa (300 bar) for the ML=4.5 event

- the Skoevde main shock fault is striking ENE, this is
different from the N-S striking fault shown to be sliding
during the lake Vaenern event 810213, ML=3.2

- the aftershocks to the Skoevde events migrate upwards
with a rate of about 10 km per year

- the large events seem to occur in small gaps within the
microseismicity of the previous 5 years

- the faulting mechanisms are primarily strike-slip at
rather vertical faults.



CONTENT

Summary

Content

Introduction

The data acguisition and event detection methods
The earthquakes

The relation to the previous seismicity
The geographical distribution

The focal depths

Vertical migration of the stress release
The Skoevde event and its aftershocks
The horizontal stresses

The seismic moments, static stress drops,
fault radii, and fault slips

Discussion and conclusions
References

Appendix 1. The earthquake source parameters and
fault plane solutions

10
11
13
15
17

22

24
26
28

29



INTRODUCTION

SKB (Swedish nuclear fuel and waste management Co) finances
a seismic network in southeastern Sweden. The network has
been established and is operated by Foa (National defence
research institute) in Stockholm. In addition to the four
stations included in the SKB network for this period,
861001-870331, data from four more stations in central and
western Sweden were available in the analysis. These other
stations have been operated for the purpose of monitoring
the global seismicity. Figure 1 shows the locations of the
stations from which data have been available.

Figure 1. The stations VIM, ALR, SGA, and NYK defines the
area of main interest to the present study. Data from

the Hagfors Observatory (open squares) and from the
stations KTB, HRN, GBD, and VNY have also been available.

This report covers the period 861001-870331. During this
period no earthquakes within the area of primary interest
were recorded. However, the data allow also studies of
larger events outside this area. The results of the
analysis of 7 such events are presented in this report.
Three of these events turned out to be aftershocks to the
Skoevde event 860714 1350GMT, ML=4.5. This required also
the main event to be analysed together with two of its
aftershocks. Thus source mechanism results of totally 10
events are given in this report.



THE DATA ACQUISITION AND EVENT DETECTION METHODS

All stations transmit continuosly frequency modulated signals
to the central computer at Foa in Stockholm. Permanent
telephone lines are used. Gain ranging amplifiers prohibit
overloading. The signals and gain information are sampled at

a rate of 60 Hz. At Stockholm the analogue signals are bandpass
filtered (5-15Hz) and fed into a S/N-detector. When three or
four close stations give detections within a time window
corresponding to the seismic travel time between the stations
an event detection is declared and the data is saved on digital
tape. At least one minute of data before the detections are
included. In this way about 20-40 detected "events" per day are
stored on tape. This means that the continous data flow has
been reduced by a factor 0.1-0.15.

The magnetic tapes are then copied into the disc-memory,
demultiplexed and submitted to an automatic analysis. The
output of this analysis is a list of located seismic events
which are given together with plots of the signals. The list
and plot are then checked by the seismologist. Most of the
reqular mining explosions are in this way automatically located
and identified and there is normally no need for further
interactive analysis of most of the events. As almost all local
events are explosions this means a great reduction of the time
consuming interactive analysis.

In the interactive analysis the seismologist decides what to
save for further source mechanism studies. This means that
automatic algorithms for fault plane solution, size
determination and if needed relative location are run.

The methods for fault plane solution, for estimation of the
dynamic source parameters, and for relative location are
described by Slunga (1981, 1982).

The data for the period (861001-870331) is contained on 400
magnetic standard tapes.

The availablity of the data acquisition system for the
period was 97%, the loss was due to regular service and to
tape station problems. Thus the data covers 97% of the
total time.



THE EARTHQUAKES

The earthquakes analysed in this report are listed in table 1
together with the origin times, locations, depths, and
magnitudes. The three events prior to Oct 1986 are included
because three of the events within the period Oct 1986 - Mar
1987 are aftershocks to that sequence.

Table 1. The earthquakes analysed in this report.

Date Origin Epicenter Focal Seismic ML Direction
time lat N long E depth moment horizontal
UNT (km) (Nm) compressiqn
deg N to E
860714 135036.0 58.432 13.996 26.6 0.73E+15 4.5 126.
860714 144532.2 58.433 13.995 25.2 O0.51E+14 3.6 106.
860714 152836.2 58.417 13.969 24.9 0.11E+13 2.0 153.
861102 0748 0.7 58.770 13.730 26.7 0.38E+14 3.5 115.
870107 193742.9 58.435 13.935 21.9 0.12E+13 2.1 155.
870129 100210.5 58.433 13.975 (18.0) 0.24E+12 1.4
870202 094654.5 61.157 16.652 20.6 0.10E+13 2.0 46.
870218 155258.6 60.070 12.525 20.2 O0.71E+12 1.9 118.
870317 023734.2 60.156 15.858 5.3 0.53e+12 1.7 99.
870320 204211.7 58.426 13.978 19.3 0.98E+12 2.0 114.

Figure 2 shows their geographical distribution together with
the locations of the previously analysed events.
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Figure 2. The earthquakes that are included in this report
are given by the solid circles. The dotted circles show the
previously analysed earthquakes of the period 1979-1985. all
these earthquakes have been analysed in the same way. The
letter A marks the Skoevde events, B marks the ML=3.5 lake
Vaenern event 861102, C marks the only event of this report
having a focal depth less than 18km (depth is 5km). This
event is close to the shallow swarm of 1981.

The detailed results for each earthquake are given in appendix
1.
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THE RELATION TO THE PREVIOUS SEISMICITY

During the years 1979-1984, covered by the earthquake research
project at Foa financed by SKI, detailed source information
and fault plane solutions from some 150 earthquakes in
southern Sweden were achieved, Slunga, Norrman and Glans (1984)
and Slunga (1985). The largest event recorded during that
period had magnitude ML=3.2. During the period 1985-1986 three
ML 4-4.5 earthquakes in addition to three ML 3.5-3.6 occurred.
This means a large change in the activity, no such serial of
large events has occurred since the 1904 major earthquake,
Ms=5.5, and the following years. Unfortunatly the SKI decided
not to continue the study in spite of the very interesting
geophysical results achieved. Most of the seismic stations in
western Sweden were closed and no earthquake monitoring of
south-western Sweden compareble to the Foa network has since
then been done. This means that we do not have knowledge about
the microseismicity for the years 1985-1987, see figure 3. The
present project started at Oct 1 1986 but does not have a
coverage for south-western Sweden comparable to the earlier
coverage. However, the comparison of the larger later events
with the earlier microseismicity shows several interesting
features.
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Figure 3. The time distribution of the earlier seismicity,
small circles, and of the earthquakes analysed in this report,
larger circles. Unfortunately we do not have coverage of the
microseismicity for the whole time interval.
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THE GEOGRAPHICAL DISTRIBUTION

In figure 2 the locations of the earthquakes included in the
present analysis are shown. Although the events occurred in
the active areas they have a clear tendency to fill gaps.

This is more clear in figure 4 showing the lake Vinern area.
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Figure 4. The location of the two large earthquakes analysed
in this report (solid circles) in relation to the previous
microseismicity (dotted circles). The sizes of the circles
reflects the magnitudes. The aftershocks to the Skoevde event
are also included. It is obvious that the solid circles are
located in gaps of the previous microseismicity.

It is clear from figure 2 that the earthquakes are not
distributed uniformly. In order to get some guantification
of the distances involved fiqure 5 was prepared. It shows
the distribution of distances between events. All distances
between all events were computed and the frequencies were
divided by the expected frequencies for a uniform
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distribution. This ratio was called the "relative frequency
ratio" and is plotted in figure 5 for the events in south-
western Sweden during 1980-1984. Only distances up to 100 km
are included in the figure and the uniform distribution was
normalized to give the same total number of inter-event
distances as the real observations.
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Figure 5. The diagram shows the frequency of inter-event
distances. All distances between all events in the western
part of southern Sweden have been computed for the events
during the period 1980-1984. The frequencies have then
been divided by the frequencies expected for a uniform
epicenter distribution. The density of the uniform
distribution has been adjusted to the observations in the
distance interval 0-100 km. If our observed inter-event
distances belonged to a uniform distribution the ratio
would be constant and equal to 1 in the figure. This is
obviously not the case for these events.

The distribution shown in figure 5 has following features:

- the number of very closely spaced events is high up to
some 10 km

- in the distance range 10-35 km there seems to be a uniform
distribution almost twice as dense as in the whole
distance range 0-100 km

- in the range 35-100 km the freguency ratio falls from 1.2
to 0.7, that means a slight deviation from uniform
distribution.

The conclusion is that there is a tendancy to geographical
clustering, especially within distances up to 35 km. This
distance has the same size as the thickness of the
seismogenic layer, the deepest earthquakes occur at 30-35
km depth, (for one exception see Slunga (1985)).
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THE FOCAL DEPTHS

As can be seen in table 1 the focal depths of both the
Skoevde events and the ML=3.5 lake Vaenern event are about
25 km. This is fairly large. In figure 6 the focal depths
and seismic moments are plotted.
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Figure 6. The focal depths and seismic moments. The previous
seismicity is marked by small circles, the presently studied
earthquakes by filled large circles. Notice that all but one
event are below the most frequent depth interval, 7-19km.

40

Slunga, Norrman, and Glans (1984) pointed out that the
earthquakes below and above 20km depth apparently were
different populations with different b-values. A larger
portion large earthquakes occurs at greater depths. This is
also indicated by the present investigation.

The two large events at about 12-15 km depth in figure 6 are
the Kattegatt events close to the Tornquist line having
fault plane solutions fitting that strike. It is interesting
to notice that these events (ML 4.1-4.5) occur at the

depth of most Swedish earthquakes 8-18 km, contrary to the
Skoevde events that belong to the deeper population. In

this context one should also mention the strong earthquake
in the Gulf of Finland 1976, ML=5, which occurred at 12 km
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depth, Slunga (1979).

In figure 7 geographical and depth distribution of the lake
Vaenern area is shown. Most of the previous seismicity is
much more shallow and it seems evident that the two larger
deep events are in gaps within the area of preceeding

microseismicity.

Figure 7. The epicenters of the earthquakes in the lake Vaenern
area. The size of the circles are proportional to the focal
depths. The solid circles belong to events of table 1.

In conclusion the recent large events of the lake Vaenern area
have occurred at larger depths than most events during the
previous six years, and at gaps in the seismicity within the
active parts.
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VERTICAL MIGRATION OF THE STRESS RELEASE

One interesting aspect of the Skoevde earthquakes is the
vertical migration. The later events (during Jan-Mar 1987) are
at about 4-8 km more shallow depths. This means a vertical
migration upwards at a rate of 8-16 km per year.

It is obvious that the tectonic stresses can be expected to
migrate upwards from the softer deep crust where the stresses
are released by ductile deformations. The clear picture of the
Skoevde activity supports this view.

There have been other deep earthquakes within some 50 km from
the Skoevde events. In order to check the idea of vertical
migration I plotted the picture given in figure 8. It shows
the focal depths and times of the earthquakes in the area
surrounding the Skoevde activity.

i T Tr T
{ o® o
(=] l © l
Trlog o © O )
| o] 8[ /
o o > [
Sl ! % 1
s | o} | F
X ' o |
S ! |
@%;E | % .
|
ER o
Sl |T 12
<r H 1 i
|

0 1000 2000 3000 4000
Time, days after Jan 1st 1579

Figure 8. The horizontal axis gives the origin times and the
vertical axis gives the focal depths of the earthquakes in the
area 13-15 deg east, 58-59 deg north. The time Tl and T2 mark
the starting time and the stopping time of the monitoring of
the microseismicity. The late events to the right are the
events presented in this report. The straight line through

the Skoevde events shows roughly the rate of vertical
migration for those events.
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The idea of presenting figure 8 is to point out that it may be
possible to detect stress migrations by use of the micro-
seismicity. Although one cannot draw conclusions from figure 8
it is obvious that there may be a vertical migration component
in the activity. The deep events seem to be followed by
activity successively higher up in the crust up to some 5 km
depth. If there really is a general vertical stress release
migration it may however be a very complex 3D phenomena.
Essential parts of the process may be aseismic which means
that a complete picture cannot be achieved by seismic studies,
other geophysical methods must probably be included. It would
for instance be interesting to have geodetic monitoring or tilt
measurements of the active areas. Such measurements may ‘detect
aseismic faulting.
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THE SKOEVDE EVENT AND ITS AFTERSHOCKS

As mentioned above the focal depths are less for the later
aftershocks showing a vertical migration of the stress release.

The fault plane solutions are summarized in figqure 9 for these
events.
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Figure 9. The fault plane solutions for the Skoevde events.
Each circle pertains to one event and gives the range of
acceptable fault plane orientations. The fault planes are
given by the directions of the fault plane normals in equal
area projections of the lower hemisphere. A marks the main
shock. The very best fitting orientations are marked by 0,
while the letters R and L mark acceptable orientations with
right or left lateral movements, b marks acceptable planes
with both directions of movements.
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The events A, B, and C occurred at the same day and at about
the same focal depth, 26 km. The events D and F have focal
depths about 20 km, the depth of E is more uncertain but
probably similar to D and F. The events D and E occurred in
Jan 87, half a year after the main shock, event F occurred

in March 87.

For the main shock a rather unique fault plane solution is
achieved. Due to the nonuniqueness of the low frequency

fault plane inversion two possible plane orientations are
given as is clearly seen for event A. The best fitting

planes of event A are contained in the group of acceptable
orientations for events B, E, and F. The best fitting planes
of events B, E, and F are however rotated about 15-20 degrees
compared to the main shock. The events C and D do not contain
the best fitting planes of event A among the acceptable fault
planes. The optimum planes of events C and D are rotated some
30 degrees compared to the best fitting planes of event A.

One interpretation of the fault plane solutions is that the
events occur on a system of fractures close to each other
but with 15-30 degrees differences in orientation, the
fault slips are in rather similar directions.

In order to discriminate the two possible fault planes given
by the fault plane solution the algorithm developed at Foa
for relative location (Slunga (1982) and Slunga, Norrman,

and Glans (1984)) was applied. Figure 10 gives the results of
the relative location by means of the directions of the
normals to the planes that best fitted the resulting
locations of the three events of Jul 14 1986, events A, B,
and C. The results are also given in table 2.

Table 2. Relative locations of the main shock and the

two aftershocks at the same day. The location of the main
shock, A, is reference. The estimated standard deviations
of the relative locations are about 60m.

Date GMT ML(Mo) East North Z (up) Fault radius
860714 1350 A 4.5 Om Om Om 130-220m
860714 1445 B 3.6 347 28 36 100-180
860714 1528 ¢ 2.0 124 115 160 60-100
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Figure 10. The results of the relative location of events A,
B, and C are given by use of an equal area projection of the
lower hemisphere for showing plane normal directions. The
numbers at the lines give the RMS value of the deviations of
the relative locations from the plane. We see that planes
having normals dipping 35 deg in SSE direction best fit the
relative location. From the estimates of the uncertainties
of the relative locations we take RMS values up to 60 m as
acceptable.
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Figure 11. Comparison between the result of the relative
location of A, B, and C and their fault plane solutions. The
60 m contour of figure 10 is used. The fair agreement is

a strong indication that the ENE-WSW fault plane possibility
dipping north is the true fault plane.

The results of the relative location fits rather well one of
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the possibilities given by the fault plane solutions, the
ENE-WSW striking, north dipping plane.

The fault plane solutions of the later aftershocks are also
very similar to the first day’s events although the depths
are several kilometers smaller. This indicates that they
probably occurs on the same system of ENE-striking faults.

The result that it is not the more N-S striking fault plane
possibility that is likely to be the true one is a little
surprising. The well-established fault plane of the lake
Vaenern event Feb 13 1981, Slunga, Norrman, and Glans (1984),
has the strike N-S (N10OW). However the lake Vaenern event
1981 had a focal depth of some 9 km while the Skoevde main
event occurred at some 26 km depth. In discussions with

prof Pedersen at Uppsala University he mentioned that ENE-
oriented deeper crustal faults in this area are indicated by
recent electrical investigations.

The in plane positions are shown in figure 12 together with
the upper limits of the fault radii. It can be seen that

the B event is outside the estimated fault area of the main
event, A, while the C event is to a larger extent within the
faulting surfaces of events A and B.

900

600

Up, m
300

0

L 1

0 300 600 500 1200
East, m

Figure 12. The relative positions of the three events in
the fault plane. The radii of the circles are the upper
bounds of the fault radii ranges as estimated from the
corner frequencies.

In the study of the 810213 event (ML=3.2) and its aftershocks
Slunga et al (1984) found that the aftershocks occurred
within the estimated fault surface. Also the greatest after-
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shock was 2.1 magnitude (ML) units smaller and had a stress
drop about 1/30 of that of the main shock. In this case

the strong aftershock B is only 0.9 magnitudes less and the
stress drop is 1/3 of that of the main shock, A. This
supports the result of the relative location and of the fault
radius estimation that the second shock is not a stress
relaxation at the original fault surface but a twin event
extending the faulting surface. Actually the fault plane
solution indicates that it might be on a fault deviating some
15-20 degrees from the main fault. The third event, C, has a
stress drop of only 1/60 of the main shock which is in
agreement with the stress relaxation theory. It also occurred
to a larger extent within the faulting surfaces of the
previous events. One can also notice that the third event

is above the central part of the total faulting surface of
the two previous events. This is very similar to the lake
Vaenern aftershocks mentioned above.



THE HORIZONTAL STRESSES

One of the early important results of the Foa research on

the Nordic seismic activity was the determination of the
orientation of the regional horizontal stresses. In figure 13
the stresses relaxed by the present events are shown together
with the earlier results from Slunga, Norrman, and Glans
(1984).

Figure 13. The orientation and relative size of the
horizontal deviatoric stresses relaxed by the earthquake
slips. The solid lines are the earthquakes of this study,
the dashed lines are taken from Slunga, Norrman, and Glans
(1984). Only the very best fitting fault plane solution

is shown for each event, often several fault plane
solutions are almost equally good.

The stresses relaxed by the events presented in this report
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are in good agreement with the earlier results. The forces
driving the earthquake slips have the same horizontal
direction.
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THE SEISMIC MOMENTS, STATIC STRESS DROPS, FAULT RADII,
AND FAULT SLIPS

The seismic moments focal depths and ranges of static stress
drops and fault slips are given in table 3. The values of
these parameters are computed from the estimated corner
frequencies. This is discussed by Slunga et al (1984).

Table 3. The dynamic source parameters: seismic moment,
static stress drop, peak slip at the fault, and fault
radius. The letters marks events of the Skoevde group.

Date GMT Depth Moment Stress Peak fault Fault
km Nm drop MPa slip mm radius m
860714 1350 A 26 0.74E+15 30-140 160-470 130-220
860714 1445 B 25 0.51E+14 4- 20 20- 50 100-180

860714 1528 C 25 0.11E+13 0.5-2.4 1.2-3.5 60-100

861102 0748 27 0.38E+14 10- 40 30- 80 70-120

870107 1938 D 22 0.12E+13 .08-.26 0.4-0.8 130-190
870129 1002 E (18) 0.24E+12 .03-.17 0.1-0.4 80-140
870202 0946 21 0.10E+13 0.7- 2 1.5- 3 30- 90
870218 1552 20 0.71E+12 0.4-1.6 0.9-1.4 60-100
870317 0237 5 0.53E+12 0.2-1.4 0.6~1.2 50-110
870320 2042 F 19 0.98E+12 .13-.39 0.5-1.1 100-150

It is interesting to note the very high static stress drops
of the three earthquakes having seismic moments larger than
1E+13 Nm (ML>3). The focal depths are about 26 km.

In figure 14 the static stress drops and seismic moments
are related to the previous seismicity as given by Slunga et
al (1984).



25

T T T ! T
(o]
o N o
o= @ o
>
o] &
(o]

/:-—-—c‘_ @ o =
(R
) O
[ (o]
_O<:>_ ]
w
w
b}
[
-'—)'_‘L— -~
w
g
oD
o
— 4 i )

-2
D

0 11 12 13 14 15 18
log(Mo) base 10, MNm

Figure 14. The static stress drop as function of the seismic
moment. The filled large circles are the earthquakes of the
present study, the smaller circles marke earthquakes from
the years 1980-1985.

In relating the swedish seismic activity to geological and
tectonic processes it is also interesting to note the large

peak slips involved, about 200 mm or more for the main event
at Skoevde.
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DISCUSSION AND CONCLUSIONS

Of the ten earthquakes analysed in this report all but one
have focal depths deeper than 18 km, that means below the
most frequent earthquake depths. This indicates that the
seismicity of the last two years represents another stage
or phase than the preceeding seismicity.

The direction of the relaxed horizontal stresses, WNW-ESE
orientated compression, is in perfect agreement with the
earlier studies.

The aftershocks to the Skoevde event shows a migration
upwards at a rate of about 10 km per year based on data
from half a year.

One possibility to the differences in focal depths may be
that the activity of the last years represent a phase in
the vertical migration of stress and/or stress release.
It is also worth noting that the ML>4 events in Kattegatt,
850615 and 860401, at focal depths of about 13 km,
preceeded this activity. Although these events are much
to small to affect directly what happens up in the lake
Vaenern area the closeness in time and space between the
Kattegatt activity (ML=4.4 and 4.1), the Skoevde events
(ML=4.5 and 3.6), and the lake Vaenern event (ML=3.6) is
an indication that a common tectonical episodic event may
lie behind. For instance one can think of significant
aseismic slip at some fault system followed by horizontal
stress migration or ductile deformations in the lower
parts of the lithosphere leading to vertical stress
migration up to the seismogenic upper crust.

The high static stress drops for the three largest events
in this report is interesting. This is probably related to
the great focal depths, about 26 km. Greater shear
stresses can be expected due to the greater compressive
Stresses at such depths. The earlier noticed tendancy for
larger events to have larger stress drops is also
verified by the new events. A stress drop above 30 MPa
(300 bar) as estimated for the Skoevde main event is
however higher than the standard values often assumed for
even large intraplate earthquakes. The Kattegatt event
(ML=4.4 and focal depth 13 km) had lower static stress
drop: 1.3-8 MPa. Slunga (1982) noticed however already
that the Scania events (NW-SE faults with normal faulting
components like the Kattegatt events) had smaller static
stress drop estimates than other Swedish earthquakes.

The analysis of the Skoevde main event and aftershocks
indicates that the faulting may have occurred on a system of
closely spaced faults with various strikes in the range ENE
plus/minus 25 degrees.
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The relative location of the Skoevde events indicates that
the fault radii computed from the corner frequency estimates
may be on the small side. One must however keep in mind that
one assumption in the interpretation of the corner
frequencies is that the faulting area is circular. If the
area is elongated the corner frequency analysis may give

the smaller dimension.



28

REFERENCES

Bath, M. (1956). An earthquake catalogue for Fennoscandia for
the years 1891-1950. Sveriges Geologiska Unders&kning,
Avhandlingar och uppsatser, C 545, Stockholm.

Bath, M. (1979). Earthquakes in Sweden 1951-1976. Sveriges
Geologiska Undersdkning, Avhandlingar och uppsatser, C 750,
Uppsala.

Hasegawa, H.S., Adams, J. och Yamazaki, K. (1985). Upper
crustal stresses and vertical stress migration in eastern
Canada. Journ. Geophys. Res., 90, pp. 3637-3648.

Slunga, R.S. (1979). Source mechanism of a Baltic earthquake
inferred from surface wave recordings, Bull. Seism. Soc. Am.,
69, pp. 1931-1964.

Slunga, R.S. (198la). Earthguake source mechanism
determination by use of body-wave amplitudes - an application
to Swedish earthquakes. Bull. Seism. Soc. Am., 71, pp. 25-35.

Slunga, R.S. (1981b). Fault mechanisms of Fennoscandian
earthquakes and regional crustal stresses. Geol. Fdreningens
i Stockholm F6rhandlingar, 103, pp. 27-31.

Slunga, R.S. (1982). Research on Swedish earthquakes 1980-1981.
FOA Report C 20477-T1.

Slunga, R.S., Norrman, P. and Glans A.-C. (1984a). Seismicity
of southern Sweden. FOA Report C 20543-T1.

Slunga, R.S., Norrman, P. and Glans A.-C. (1984b). Baltic
shield seismicity, the results of a regional network. Geophys.
Res. Letters, 11, pp. 1247-1250.

Slunga, R.S. (1985). The seismicity of southern Sweden, 1979-
1984, final report. Foa report C 20572-T1, April 1985, ISSN
0347-3694, Stockholm.



29

APPENDIX 1

THE EARTHQUAKE SOURCE PARAMETERS AND FAULT PLANE SOLUTIONS

The source parameters of the following earthquakes are
given:

Date Origin Epicenter Focal ML

time lat N long E depth

UNT (km)
860714 135036.0 58.432 13.996 26.6 4.5 Skoevde main shock
860714 144532.2 58.433 13.995 25.2 3.6 " aftershock
860714 152836.2 58.417 13.969 24.9 2.0 " "
861102 0748 0.7 58.770 13.730 26.7 3.5 Lake Vaenern
870107 193742.9 58.435 13,935 21.9 2.1 Skoevde aftershock
870129 100210.5 58.433 13.975 (18.0) 1.4 " "
870202 094654.5 61.157 16.652 20.6 2.0 SV Soederhamn
870218 155258.6 60.070 12.525 20.2 1.9 Vermland
870317 023734.2 60.156 15.858 5.3 1.7 Bergslagen
870320 204211.7 58.426 13.978 19.3 2.0 Skoevde aftershock

For each event the following are given:

The arrival time observations and the results of the location
algorithm. '

The input data to the fault plane inversion, first motion
directions and spectral amplitudes for vertical P and S.

The output of the fault plane inversion algorithm: the dynamic
source parameters, the very best fitting fault mechanism, and
statistical information.

Plots showing all acceptable orientations of the P- and T-axes
and of the fault plane normals. These are given in equal area
projections of the lower hemisphere. A fourth circular diagram
gives all acceptable relative horizontal deviatoric stresses.
This plot of the horizontal deviatoric stress is symmetric
around the center of the circle, each point marked in the
circle is an endpoint of a line going through the center to
corresponding symmetrical point. The lines marked by the end-
points gives the orientation and relative size of the
horizontal deviatoric stresses for acceptable solutions. The
relative size is 1 for a diameter (strike slip on a vertical
fault). The orientation of the line gives the orientation of
the principal horizontal compression, the principal horizontal
tension is normal to the line.

The marks in the plots of the P- and T-axes and of the
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horizontal deviatoric stresses have the following meaning:

+
o)
0

The

oUW+

less well fitting mechanism
well fitting mechanism
optimum mechanisms.

marks in the plot of the fault plane normals mean:

less well fitting mechanism

well fitting right-lateral plane

well fitting left-lateral plane

well fitting plane both right- and left-lateral
best fitting planes.
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860714 135036.0 58.432 13.996 26.6 4.5 Skoevde main shock

ORIGIN TIME 86 07 14 134 50M 36.0S8 +/- 0.18s * k %
LATITUDE 58.432 +/- 0.014 DEG. 13.km from n:0o 11
LONGITUDE 13.996 +/- 0.031 Billingen EM.
FOCAL DEPTH 26.6 +/- 2.6 KM * ok ok
STA ARR. TIME RES. WEIGHT DIST. AZIMUTH
GBD P 13 50 55.21 0.19 23.4 118.7 15.5 P UP
GBD § 13 51 8.87 -0.41 0.3 118.7 15.5
VIM P 13 50 57.76 -0.20 19.8 138.5 120.4 P DOWN
VNY P 13 50 58.03 -0.04 19.7 139.2 321.8 P DOWN
VNY S 13 51 14.94 0.29 0.3 139.2 321.8
NYK P 13 51 4.60 -0.09 6.1 187.9 71.7
HFS P 13 51 4.49 -0.53 6.0 190.6 355.0 P DOWN
ALR P 13 51 6.50 0.68 5.8 197.1 143.6
HRN P 13 51 12.38 0.36 1.9 247.4 33.9
HRN § 13 51 39.70 0.47 0.0 247.4 33.9
SGA P 13 51 17.98 0.19 1.5 294.2 113.4 P DOWN
KTB P 13 51 20.31 -0.76 1.3 320.7 22.7 P UP
INPUT DATA FOR FAULT PLANE SOLUTION
STN DIST. AZIMUTH OMEGA(PZ) OMEGA(SZ)

KM DEGREES METER-SEC METER-SEC
GBD 119. 15.3 + 0.56E~-06 + 0.25E-05
VIM 138. 120.4 - 0.41E-06 0.71E-06
VNY 140. 321.8 - 0.76E-06 0.17E-05
NYK 188, 71.6 0.25E-06 0.40E-05
SGA  294. 113.4 - 0.00E+00 0.00E+00
KTB 321. 22.6 + 0.00E+00 0.00E+00
HFS 191. 354.9 - 0.00E+00 0.00E+00

DYNAMIC SOURCE PARAMETERS

SIZE MEASURES
SEISMIC MOMENT: 0.735E+15 Nm
LOCAL MAGNITUDE: 4.5

SHEAR WAVE CORNER FREQUENCY RANGE AT CLOSE DISTANCES (150km)
3.1Hz - 5.3Hz ( 4.2Hz)

FAULT RADIUS RANGE 130m - 222m ( 164m)
STRESS DROP RANGE 29.17MPa -145.79MPa ( 72.55MPa)

RANGE OF THE PEAK SLIP AT THE FAULT163.0mm -476.6mm (299.3mm)
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860714 135036.0 58.432 13.996 26.6 4.5 Skoevde main shock
FOR THE BEST FITTING MECHANISM

THE ORIENTATION OF THE RELAXED STRESS
AZIMUTH DIP

P-AXIS 124, 5. degrees

T-AXIS 36. =22,

THE HORIZONTAL DEVIATORIC STRESS AS GIVEN BY THE P- AND T-AXES
THE AZIMUTH OF COMPRESSION -54 degrees
THE RELATIVE SIZE (.92

THE TWO POSSIBLE FAULT PLANES

STRIKE DIP SLIP
PLANE A 78. 71. -12. degrees
PLANE B 172, 78. 200.

THE NORMAL DIRECTIONS OF THE FAULT PLANES
AZIMUTH DIP

PLANE A 1é68. 19. degrees

PLANE B 262, 12,

STRIKE SLIP FAULTING DOMINATES

STATISTICAL INFORMATION

OF 7 FIRST MOTION POLARITY OBSERVATIONS
AT LEAST 7 ARE REQUIRED TO FIT

THE OPTIMUM MECHANISM HAS O POLARITY MISFITS

AMPLITUDES FOR P AND S AT 4 STATIONS ARE USED
ONLY MECBANISMS GIVING AN ESTIMATED STANDARD
DEVIATION OF THE AMPLITUDE ERROR FACTOR OF LESS
THAN 2.00 FOR SINGLE P-~-WAVE OBSERVATIONS ARE
TAKEN AS ACCEPTABLE AND INCLUDED IN THE FIGURES

0.41 % OF ALL MECHANISMS ARE ACCEPTABLE
2.1 % ACCEPTABLE DUE TO FIRST MOTION OBSERVATIONS
19.6 % OF THESE FITTED ALSO THE AMPLITUDES

THE PART OF WELL FITTING PLANES IS 2.4%

THE AMPLITUDE FIT OF THE OPTIMAL MECHANISM

GIVES A MEAN ERROR FACTOR OF 1.44
THIS CORRESPONDS TO A STANDARD DEVIATION FACTOR OF 1.68

FOR SINGLE P-WAVE OBSERVATIONS

THE DOUBLE COUPLE SOLUTION IS SIGNIFICANT
AT 35 % LEVEL
(F-VALUE: F( 7, 4) = 1.57)
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860714 135036.0 58.432 13.996 26.6 4.5 Skoevde main shock
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860714 144532,.2 58.433 13.995 25.2 3.6 Skoevde aftershock

ORIGIN TIME 86 07 14 14H 45M 32.25 +/- 0.18S * k ok
LATITUDE 58.433 +/- 0.014 DEG. 13.km from n:o 11
LONGITUDE 13.995 +/- 0.031 Billingen EM.
FOCAL DEPTH 25.4 +/- 2.6 KM * %k
STA ARR. TIME RES. WEIGHT DIST. AZIMUTH
GBD P 14 45 51.40 0.21 23.4 118.7 15.5 P UP
GBD S 14 46 5.04 -0.39 0.3 118.7 15.5
VIM P 14 45 53.92 -0.23 19.8 138.6 120.4 P DOWN
VIM s 14 46 11.62 0.96 0.3 138.6 120.4
VNY P 14 45 54.19 -0.04 19.7 139.1 321.8 P DOWN
VNY S 14 46 11.07 0.29 0.3 139.1 321.8
NYK P 14 46 0.89 -0.09 6.1 188.0 71.7
NYK S 14 46 22.78 -0.05 0.1 188.0 71.7
HFS P 14 46 0.76 -0.54 6.0 190.5 355.0
ALR P 14 46 2.87 0.75 5.8 197.2 143.6
HRN P 14 46 8.55 0.23 1.9 247.4 33.9
HRN S 14 46 35.68 0.08 0.0 247.4 33.9
SGA P 14 46 14.27 0.17 1.5 294.3 113.4
KTB P 14 46 16.59 -0.76 1.3 320.7 22.7
INPUT DATA FOR FAULT PLANE SOLUTION
STN DIST. AZIMUTH OMEGA(PZ) OMEGA(SZ)
KM DEGREES METER~-SEC METER-SEC
GBD 118. 15.5 + 0.23E-07 + 0.28E-06
VNY 139. 321.5 - 0.41E-07 0.83E-07
VIM 139. 120.8 - 0.18E-07 0.63E-07
NYK 187. 71.9 0.27E-07 0.12E-06
HRN 247, 34.0 0.87E-08 0.73E-07
SGA 294. 113.6 0.20E-07 0.50E-07

DYNAMIC SOURCE PARAMETERS
SIZE MEASURES

SEISMIC MOMENT: 0.509E+14 Nm
LOCAL MAGNITUDE: 3.6

SHEAR WAVE CORNER FREQUENCY RANGE AT CLOSE DISTANCES (150km)
3.9Hz - 6.6Hz ( 5.2Hz)

FAULT RADIUS RANGE 104m - 176m ( 132m)
STRESS DROP RANGE 4.02MPa ~ 19.50MPa ( 9.54MPa)

RANGE OF THE PEAK SLIP AT THE FAULT 17.9mm - 51.2mm ( 31.8mm)
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860714 144532.2 58.433 13.995 25.2 3.6 Skoevde aftershock
FOR THE BEST FITTING MECHANISM

THE ORIENTATION OF THE RELAXED STRESS
AZIMUTH DIP

P-AXIS 107. -1. degrees

T-AXIS 196. 43,

THE HORIZONTAL DEVIATORIC STRESS AS GIVEN BY THE P- AND T-AXES
THE AZIMUTH OF COMPRESSION -74 degrees
THE RELATIVE SIZE 0.77

THE TWO POSSIBLE FAULT PLANES

STRIKE DIP SLIP
PLANE A -20. 119. 147. degrees
PLANE B 233. i18. 34.

THE NORMAL DIRECTIONS OF THE FAULT PLANES
AZIMUTH DIP

PLANE A 250. 29. degrees

PLANE B 143, 28.

STRIKE SLIP FAULTING DOMINATES

STATISTICAL INFORMATION

OF 4 FIRST MOTION POLARITY OBSERVATIONS
AT LEAST 4 ARE REQUIRED TO FIT

THE OPTIMUM MECHANISM HAS 0 POLARITY MISFITS

AMPLITUDES FOR P AND S AT 6 STATIONS ARE USED
ONLY MECHANISMS GIVING AN ESTIMATED STANDARD
DEVIATION OF THE AMPLITUDE ERROR FACTOR OF LESS
THAN 2.00 FOR SINGLE P-WAVE OBSERVATIONS ARE
TAKEN AS ACCEPTABLE AND INCLUDED IN THE FIGURES

3.50 % OF ALL MECHANISMS ARE ACCEPTABLE
10.4 % ACCEPTABLE DUE TO FIRST MOTION OBSERVATIONS
33.6 % OF THESE FITTED ALSO THE AMPLITUDES

THE PART OF WELL FITTING PLANES IS 18.3%

THE AMPLITUDE FIT OF THE OPTIMAL MECHANISM
GIVES A MEAN ERROR FACTOR OF 1.35
THIS CORRESPONDS TO A STANDARD DEVIATION FACTOR OF 1.44

FOR SINGLE P-WAVE OBSERVATIONS

THE DOUBLE COUPLE SOLUTION IS SIGNIFICANT
AT 10 % LEVEL
(F-VALUE: F(11, 8) = 2.50)
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860714 152836.2 58.417 13.969 24.9 2.0 Skoevde aftershock

ORIGIN TIME 86 07 14 15H 28M 36.25 +/- 0.21S * %k
LATITUDE 58.417 +/- 0.017 DEG. 11.km from n:o 11
LONGITUDE 13.969 +/- 0.034 Billingen EM.
FOCAL DEPTH 24.9 +/- 4.7 KM * * %
STA ARR. TIME RES. WEIGHT DIST. AZIMUTH
GBD P 15 28 55.47 0.02 23.0 120.8 16.0
GBD § 15 29 9.00 -0.92 0.3 120.8 16.0
VviMm p 15 28 58.16 -0.01 19.7 139.0 119.5
VNY P 15 28 58.23 -0.01 19.7 139.5 322.7 P DOWN
VNY § 15 29 14.80 -0.05 0.3 139.5 322.7
NYK P 15 29 5.25 0.02 6.1 190.0 71.4
NYK S 15 29 26.40 -0.90 0.1 190.0 71.4
INPUT DATA FOR FAULT PLANE SOLUTION
STN DIST. AZIMUTH OMEGA(PZ) OMEGA(SZ)
KM DEGREES METER-SEC METER-SEC
GBD 120. 16.0 0.43E-09 + 0.20E-08
viM 139. 119.6 0.52E-09 0.15E-08
VNY 139. 322.6 - 0.95E-09 0.28E-08
NYK 190. 71.4 0.87E-09 0.33E-08
HRN 249. 34.0 0.26E-09 0.14E-08

DYNAMIC SOURCE PARAMETERS
SIZE MEASURES

SEISMIC MOMENT: 0.108E+13 Nm
LOCAL MAGNITUDE: 2.0

SHEAR WAVE CORNER FREQUENCY RANGE AT CLOSE DISTANCES (150km)
7.0Hz -11.8Hz ( 9.1Hz)

FAULT RADIUS RANGE 58m - 98m ( 75m)
STRESS DROP RANGE 0.49MPa - 2.35MPa ( 1.08MPa)

RANGE OF THE PEAK SLIP AT THE FAULT 1.2mm - 3.5mm ( 2.1lmm)
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860714 152836.2 58.417 13.969 24.9 2.0 Skoevde aftershock
FOR THE BEST FITTING MECHANISM

THE ORIENTATION OF THE RELAXED STRESS
AZIMUTH DIP

P-AXIS 153, -6. degrees

T-AXIS 62. -13.

THE HORIZONTAL DEVIATORIC STRESS AS GIVEN BY THE P- AND T-AXES
THE AZIMUTH OF COMPRESSION -27 degrees
THE RELATIVE SIZE 0.97

THE TWO POSSIBLE FAULT PLANES

STRIKE DIP SLIP
PLANE A 107. 86. -14. degrees
PLANE B 198. 76. 185.

THE NORMAL DIRECTIONS OF THE FAULT PLANES
AZIMUTH DIP

PLANE A 197. 4. degrees

PLANE B 288. 14,

STRIKE SLIP FAULTING DOMINATES

STATISTICAL INFORMATION

OF 2 FIRST MOTION POLARITY OBSERVATIONS
AT LEAST 2 ARE REQUIRED TO FIT

THE OPTIMUM MECHANISM HAS 0 POLARITY MISFITS

AMPLITUDES FOR P AND S AT 5 STATIONS ARE USED
ONLY MECHANISMS GIVING AN ESTIMATED STANDARD
DEVIATION OF THE AMPLITUDE ERROR FACTOR OF LESS
THAN 2.00 FOR SINGLE P-WAVE OBSERVATIONS ARE
TAKEN AS ACCEPTABLE AND INCLUDED IN THE FIGURES

6.26 % OF ALL MECHANISMS ARE ACCEPTABLE
24.7 % ACCEPTABLE DUE TO FIRST MOTION OBSERVATIONS
25.4 % OF THESE FITTED ALSO THE AMPLITUDES

THE PART OF WELL FITTING PLANES IS 28.7%

THE AMPLITUDE FIT OF THE OPTIMAL MECHANISM

GIVES A MEAN ERROR FACTOR OF 1.20

THIS CORRESPONDS TO A STANDARD DEVIATION FACTOR OF 1.26
FOR SINGLE P-WAVE OBSERVATIONS

THE DOUBLE COUPLE SOLUTION IS SIGNIFICANT
AT 3 % LEVEL
(F~VALUE: F( 9, 6) = 4.65)
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P-AXIS ORIENTATIONS
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Skoevde aftershock

EQUAL AREA PROJECTION H19515285
LOWER HEMISPHERE
+ 0 *
0O +0 0 0:0 + *
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O 00 O O O+ ++: *
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+ 0:0
FAULT PLANE ORIENTATIONS
GIVEN BY NORMAL VECTORS
EQUAL AREA PROJECTION H19515285
LOWER HEMISPHERE
++RRRRR R
* ++RRRRRRRRRR+R
* +R+RRRRR+RR+ +%*
* ++RRRRR+++++ + + *

++RR++++++R++RRR+*

+4++ +R+++RRRRRRRR++ *

* ottt t+ ++RRRRRRRRRR+ *
b4 + +R+R+RRRRRRR+ *
LLLL++++++++ :+RRRRRRRRRR+ *
LLLLLLLL+++ + +++RRRRRRRR+ *

LLLOLLLLLLL++ ++RRRRRRL+
LbLLLLLLLLL++ ++RRRRLLL+ +
LbbLLLLLLLL+++ +RRbbLL++ + R
LbLLLLLLLLL+++ ++RLLLL++ +R
+bbbLLLLL44+4=—mmee FHR-Loldmm e ++LR
*RbbbbbLL++++ +4+4+ +R
*R+RbbLLLL+++ : ++LR
++++DLLLLL+++ : R
*++L+LLLLLL+ + ++L+
*+LLLLLLL+ : +++++ 4+ +LL
* +LLLLL : +++++R+R+++++LLLLL
*+4+L+ + 4+ +4+++RRRRR++ +LLLL+
* t4+4+++++++4++LbDLRRb++L+4+4
* R+RRRR+R++++++++bbbbbbbLL++
x4+ +R+RRRRRRRRR+++++++bRbbbR+++
+ +RRRRRRRRRRRR+ ++R+R *
*  RRRRRRRRRRR+++ +4+

RRORRRRRRRR++

RRR RR

*



40

861102 0748 0.7 58.770 13.730 26.7 3.5 Lake Vaenern

ORIGIN TIME 86 11 02 07H 48M 0.78 +/- 0.27S * % %
LATITUDE 58.770 +/- 0.021 DEG. 30.km from n:o 99
LONGITUDE 13.730 +/- 0.022 *x*%*
FOCAL DEPTH 26.7 +/- 3.2 KM * % %
STA ARR. TIME RES. WEIGHT DIST. AZIMUTH
GBD P 07 48 15.50 0.07 30.5 90.1 31.3 P UP
GBD S 07 48 26.41 -0.05 0.3 90.1 31.3
VNY P 07 48 17.20 0.20 27.5 100.7 315.2 P DOWN
VNY S 07 48 29.34 0.11 0.3 100.7 315.2
HFS P 07 48 24.58 -0.10 17.8 152,2 359.3 P UP
TBY P 07 48 24.66 -0.39 17.5 154.8 341.1 P UP
VIM P 07 48 27.05 -0.40 6.8 172.6 128.4 P DOWN
SLL P 07 48 29.93 0.12 6.0 191.7 353.2
NYK P 07 48 30.63 0.41 5.9 195.0 83.5
HRN P 07 48 34.59 0.39 2.1 227.3 42.2
KTB P 07 48 42.18 -0.17 1.5 293.4 28.1 P UP
INPUT DATA FOR FAULT PLANE SOLUTION
STN DIST. AZIMUTH OMEGA(PZ) OMEGA(SZ)

KM DEGREES METER-SEC METER-SEC
GBD 90. 31.3 + 0.47E-07 0.97E-07
VNY 101. 315.2 - 0.71E-07 0.16E-06
VIM 173. 128.4 - 0.29E-07 0.12E-06
NYK 195, 83.5 0.20E-07 0.25E-06
HRN 227. 42.3 0.24E-07 0.99-07
KTB 293. 28.1 + 0.18E-07 0.11E-06
HFS 152. 359.3 + 0.00E+00 0.00E+00
TBY 155. 341.1 + 0.00E+00 0.00E+00

DYNAMIC SOURCE PARAMETERS
SIZE MEASURES

SEISMIC MOMENT: 0.383E+14 Nm
LOCAL MAGNITUDE: 3.5

SHEAR WAVE CORNER FREQUENCY RANGE AT CLOSE DISTANCES (150km)
5.9Hz - 9.7Hz ( 7.8Hz)

FAULT RADIUS RANGE 7lm - 116m ( 88m)
STRESS DROP RANGE 10.47MPa - 46.53MPa { 24.19MPa)

RANGE OF THE PEAK SLIP AT THE FAULT 30.7mm - 83.1lmm ( 53.7mm)
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861102 0748 0.7 58.770 13.730 26.7 3.5 Lake Vaenern
FOR THE BEST FITTING MECHANISM

THE ORIENTATION OF THE RELAXED STRESS
AZIMUTH DIP

P-AXIS 112, -18. degrees

T-AXIS 27. 15.

THE HORIZONTAL DEVIATORIC STRESS AS GIVEN BY THE P- AND T-AXES
THE AZIMUTH OF COMPRESSION -65 degrees
THE RELATIVE SIZE 0.92

THE TWO POSSIBLE FAULT PLANES

STRIKE DIP SLIP
PLANE A 70. 113, ~-2. degrees
PLANE B 159, 88. 157.

THE NORMAL DIRECTIONS OF THE FAULT PLANES
AZIMUTH DIP

PLANE A 340. 23. degrees

PLANE B 249, 2.

STRIKE SLIP FAULTING DOMINATES

STATISTICAL INFORMATION

OF 6 FIRST MOTION POLARITY OBSERVATIONS
AT LEAST 6 ARE REQUIRED TO FIT

THE OPTIMUM MECHANISM HAS 0 POLARITY MISFITS

AMPLITUDES FOR P AND S AT 6 STATIONS ARE USED
ONLY MECHANISMS GIVING AN ESTIMATED STANDARD
DEVIATION OF THE AMPLITUDE ERROR FACTOR OF LESS
THAN 2.00 FOR SINGLE P-WAVE OBSERVATIONS ARE
TAKEN AS ACCEPTABLE AND INCLUDED IN THE FIGURES

2.21 % OF ALL MECHANISMS ARE ACCEPTABLE
5.8 % ACCEPTABLE DUE TO FIRST MOTION OBSERVATIONS
37.9 % OF THESE FITTED ALSO THE AMPLITUDES

THE PART OF WELL FITTING PLANES IS 15.8%

THE AMPLITUDE FIT OF THE OPTIMAL MECHANISM

GIVES A MEAN ERROR FACTOR OF 1.40

THIS CORRESPONDS TO A STANDARD DEVIATION FACTOR OF 1.51
FOR SINGLE P-WAVE OBSERVATIONS

THE DOUBLE COUPLE SOLUTION IS SIGNIFICANT
AT 40 % LEVEL
(F-VALUE: F(11, 8) = 1.21)



861102 0748 0.7 58.770 13.730

T-AXIS ORIENTATIONS

EQUAL AREA PROJECTION H30607481
LOWER HEMISPHERE
* 40
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* +0000000C0000000++
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* + 0000++ 0+00000000 *
* + O++++ ++00000 *
* H +++0 *
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* + 0000+ *
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00000000+0+ *
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HORIZONTAL DEVIATORIC STRESS
RELATIVE SIZE AND H30607481
ORIENTATION OF COMPRESSION
*
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* : *
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* 00 O + : *
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* H *
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26.7 3.5 Lake Vaenern

" P-AXIS ORIENTATIONS

EQUAL AREA PROJECTION H30607481
LOWER HEMISPHERE
*
* . *
* . *
* B *
* H *
* *
* *
* : *
* [¢] + + : *
00 000 OO0 00 + : *
00 00 0 00 00 + : *
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L s s ] e ——— e
*
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* +1 00 O O O ++ + +++ +*
* + O++ 00 000 O O +0O*
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* s *
L* : *
* il *
* H *
* H »

FAULT PLANE ORIENTATIONS
GIVEN BY NORMAL VECTORS

EQUAL AREA PROJECTION H30607481
LOWER HENMISPHERE
*
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870107 193742.9 58.435 13.935 21.9 2.1 sSkoevde aftershock

ORIGIN TIME 87 01 07 194 37M 43.0S +/- 0.195 * k%
LATITUDE 58.446 +/- 0.014 DEG. 11.km from n:o 11
LONGITUDE 13.949 +,/- 0.031 Billingen EM.
FOCAL DEPTH 21.9 +/- 3.1 KM * % %
STA ARR. TIME RES. WEIGHT DIST. AZIMUTH
GBD P 19 38 1.96 0.13 23.5118.0 16.9 P UP
GBD S 19 38 15.49 -0.49 0.3 118.0 16.9
VNY P 19 38 4.50 -0.06 20.2 136.2 322.2 P DOWN
VNY S 19 38 21.19 0.40 0.3 136.2 322.2
VIM P 19 38 5.28 -0.09 19.3 141.7 120.4
HFS P 19 38 12.03 -0.14 6.1 188.8 355.7
NYK P 19 38 12.10 -0.23 6.1 190.1 72.4
NYK S 19 38 33.99 -0.62 0.1 190.1 72.4
ALR P 19 38 13.96 0.41 5.7 200.0 143.2
INPUT DATA FOR FAULT PLANE SOLUTION
STN DIST. AZIMUTH OMEGA(PZ) OMEGA({SZ)
KM DEGREES METER~-SEC METER-SEC
GBD 119. 16.8 + 0.49E-09 0.79E-08
VNY 137. 322.4 - 0.62E-09 0.12E-08
VIM 141. 120.1 0.38E-09 0.19E-08
NYK 190. 72.2 0.75E-09 0.18E-08
ALR 199. 143.1 0.41E-09 0.13E-08
HRN 248. 34.5 0.25E-09 0.15e-08

DYNAMIC SOURCE PARAMETERS
SIZE MEASURES

SEISMIC MOMENT: 0.122E+13 Nm
LOCAL MAGNITUDE: 2.1

SHEAR WAVE CORNER FREQUENCY RANGE AT CLOSE DISTANCES (150km)
3.7z - 5.4Hz ( 4.5Hz)

FAULT RADIUS RANGE 127m ~ 186m ( 153m)
STRESS DROP RANGE 0.08MPa - 0.26MPa ( 0.15MPa)

RANGE OF THE PEAK SLIP AT THE FAULT O0.4mm - O0.8mm ( 0.6mm)
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870107 193742.9 58.435 13,935 21.9 2.1 Skoevde aftershock
FOR THE BEST FITTING MECHANISM

THE ORIENTATION OF THE RELAXED STRESS
AZIMUTH DIP

P-AXIS 149. -41. degrees

T-AXIS 69. 12,

THE HORIZONTAL DEVIATORIC STRESS AS GIVEN BY THE P- AND T-AXES
THE AZIMUTH OF COMPRESSION -25 degrees
THE RELATIVE SIZE 0.76

THE TWO POSSIBLE FAULT PLANES

STRIKE DIP SLIP
PLANE A 118. 127. -24., degrees
PLANE B 193. 71. 140.

THE NORMAL DIRECTIONS OF THE FAULT PLANES
AZIMUTH DIP

PLANE A 28. 37. degrees

PLANE B 283, 19.

STRIKE SLIP FAULTING DOMINATES

STATISTICAL INFORMATION

OF 2 FIRST MOTION POLARITY OBSERVATIONS
AT LEAST 2 ARE REQUIRED TO FIT

THE OPTIMUM MECHANISM HAS 0 POLARITY MISFITS

AMPLITUDES FOR P AND S AT 6 STATIONS ARE USED
ONLY MECHANISMS GIVING AN ESTIMATED STANDARD
DEVIATION OF THE AMPLITUDE ERROR FACTOR OF LESS
THAN 2.00 FOR SINGLE P-WAVE OBSERVATIONS ARE
TAKEN AS ACCEPTABLE AND INCLUDED IN THE FIGURES

3.92 % OF ALL MECHANISMS ARE ACCEPTABLE
24.6 % ACCEPTABLE DUE TO FIRST MOTION OBSERVATIONS
15.9 % OF THESE FITTED ALSO THE AMPLITUDES

THE PART OF WELL FITTING PLANES IS 17.7%

o\

THE AMPLITUDE FIT OF THE OPTIMAL MECHANISM

GIVES A MEAN ERROR FACTOR OF 1.38

THIS CORRESPONDS TO A STANDARD DEVIATION FACTOR OF 1.49
FOR SINGLE P-WAVE OBSERVATIONS

THE DOUBLE COUPLE SOLUTION IS SIGNIFICANT
AT 15 % LEVEL
(F-VALUE: F(11, 8) = 2.09)
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870107 193742.9 58.435 13.935 21.9 2.1 Skoevde aftershock

T~AXIS ORIENTATIONS " P-AX1S ORIENTATIONS
EQUAL AREA PROJECTION 100719380 EQUAL AREA PROJECTION 100719380
LOWER HEMISPHERE LOWER HEMISPHERE
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870129 100210.5 58.433

ORIGIN TIME 87 01
LATITUDE 58.432
LONGITUDE 13.998
FOCAL DEPTH 18.1

STA ARR. TIME

NYK
ALR

GBD P 10 02 29.60
GBD S 10 02 43.25
VIM P 10 02 32.08
VIM S 10 02 49.80
VNY P 10 02 32.30
VNY S 10 02 48.93
NYK P 10 02 39.71

S

P

29

+/-
+/-
+/-

13.975

RES.

-0.

~0.
-0.
-0.
-1

(18.0)

INPUT DATA FOR FAULT PLANE SOLUTION

STN DIST. AZIMUTH

KM DEGREES
GBD 119. 15.6
VNY 139. 322.0
viMm 139. 120.2
NYK 188. 71.7
ALR 197. 143.5
HRN 248. 34.0

DYNAMIC SOURCE PARAMETERS

SIZE MEASURES
SEISMIC MOMENT:
LOCAL MAGNITUDE: 1

0.237E+12 Nm
.4

1.4

46

Skoevde aftershock

*

10H 02M 10.28 +/- 0.54s
0.023 DEG. 13.km from n:o 11
0.040 Billingen EM.
7.6 KM * % K
WEIGHT DIST. AZIMUTH

.11 22.8 121.6 15.8

.86 0.3 121.6 15.8

01 19.8 138.5 119.2

.97 0.3 138.5 119.2

07 19.5 140.3 322.9

42 0.3 140.3 322.9

11 6.1 190.1 71.1

.41 0.1 190.1 71.1

.40 5.8 195.9 142.8
OMEGA(PZ) OMEGA(SZ)
METER-SEC METER-SEC
0.22E-09 0.86E-09
0.14E-09 0.41E-09
0.20E-09 0.41E-09
0.12E-09 0.88E-09
0.18E-09 0.33E-09
0.13E-09 0.49E-09

SHEAR WAVE CORNER FREQUENCY RANGE AT CLOSE DISTANCES (150km)

4,.8Hz - B8.2Hz
FAULT RADIUS RANGE

STRESS DROP RANGE

RANGE OF THE PEAK SLIP AT THE FAULT

( 6.3Hz)
84m - 143m ( 109m)
0.03MPa - 0.17MPa
0.lmm -

(

0.08MPa)

0.4mm

(

0.2mm)
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870129 100210.5 58.433 13.975 (18.0) 1.4 Skoevde aftershock
FOR THE BEST FITTING MECHANISM

THE ORIENTATION OF THE RELAXED STRESS
AZIMUTH DIP

P-AXIS 44, -6. degrees

T-AXIS 133. 8.

THE HORIZONTAL DEVIATORIC STRESS AS GIVEN BY THE P- AND T-AXES
THE AZIMUTH OF COMPRESSION 43 degrees
THE RELATIVE SIZE 0.98

THE TWO POSSIBLE FAULT PLANES

STRIKE DIP SLIP
PLANE A 268. 100. 179. degrees
PLANE B 178. 91. 10.

THE NORMAL DIRECTIONS OF THE FAULT PLANES
AZIMUTH DIP

PLANE A 178. 10. degrees

PLANE B 88. 1.

STRIKE SLIP FAULTING DOMINATES

STATISTICAL INFORMATION

OF 0 FIRST MOTION POLARITY OBSERVATIONS
AT LEAST 0 ARE REQUIRED TO FIT

THE OPTIMUM MECHANISM HAS (0 POLARITY MISFITS

AMPLITUDES FOR P AND S AT 6 STATIONS ARE USED
ONLY MECHANISMS GIVING AN ESTIMATED STANDARD
DEVIATION OF THE AMPLITUDE ERROR FACTOR OF LESS
THAN 2.00 FOR SINGLE P-WAVE OBSERVATIONS ARE
TAKEN AS ACCEPTABLE AND INCLUDED IN THE FIGURES

% OF ALL MECHANISMS ARE ACCEPTABLE

100.0 % ACCEPTABLE DUE TO FIRST MOTION OBSERVATIONS
% OF THESE FITTED ALSO THE AMPLITUDES

THE PART OF WELL FITTING PLANES IS 35.3%

THE AMPLITUDE FIT OF THE OPTIMAL MECHANISM

GIVES A MEAN ERROR FACTOR OF 1.27

THIS CORRESPONDS TO A STANDARD DEVIATION FACTOR OF 1.34
FOR SINGLE P-WAVE OBSERVATIONS

THE DOUBLE COUPLE SOLUTION IS SIGNIFICANT
AT 7 % LEVEL
(F-VALUE: F(11, 8) = 2.74)
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870129 100210.5 58.433 13.975 (18.0) 1.4 Skoevde aftershock
T-AXIS ORIENTATIONS P-AXIS ORIENTATIONS
EQUAL AREA PROJECTION 102510022 EQUAL AREA PROJECTION 102910022
LOWER HEMISPHERE LOWER HEMISPHERE
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FAULT PLANE ORIENTATIONS
HORIZONTAL DEVIATORIC STRESS 3 GIVEN BY NORMAL VECTORS
RELATIVE SIZE AND 10291002 EQUAL AREA PROJECTION 102910022
ORIENTATION OF COMPRESSION LOWER HEMISPHERE
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870202 094654.5 61.157 16.652 20.6 2.0 SV Soederhamn

ORIGIN TIME 87 02 02 09H 46M 54.5S +/- 1.338 * ok
LATITUDE 61.160 +/- 0.073 DEG. 21.km from n:o 35
LONGITUDE 16.657 +/- 0.152 S Ljusne 5787:20
FOCAL DEPTH 20.4 +/- 1.8 KM * K Kk

STA ARR. TIME RES. WEIGHT DIST. AZIMUTH

KTB S 09 47 3.21 0.18 0.5 22.7 242.5

KTB P 09 46 59.38 0.00 69.0 22.7 242.5 P UP
HRN P 09 47 10.93 0.00 27.2 102.0 185.3

HRN S 09 47 22.91 -0.34 0.3 102.0 185.3

SLL P 09 47 24.77 -0.03 5.8 197.2 248.7

HFS P 09 47 25.01 0.04 5.7 198.5 236.1

HFS S 09 47 47.77 -0.36 0.1 198.5 236.1

GBD S 09 47 54.13 0.78 0.0 222.8 212.4

INPUT DATA FOR FAULT PLANE SOLUTION

STN DIST. AZIMUTH OMEGA(PZ) OMEGA(SZ)
KM DEGREES METER-SEC METER-SEC
KTB 22. 242.2 + 0.32E-09 0.35E-08
HRN 102. 185.1 0.31E-09 0.11E-08
GBD 223, 212.3 0.38E-09 0.72E-09
NYK 251. 174.2 0.22E-09 0.15E-08
VNY 303. 231.5 0.37E-09 0.13E-08

DYNAMIC SOURCE PARAMETERS
SIZE MEASURES

SEISMIC MOMENT: 0.100E+13 Nm
LOCAL MAGNITUDE: 2.0

SHEAR WAVE CORNER FREQUENCY RANGE AT CLOSE DISTANCES (150km)
7.9Hz -21.3Hz ( 11.8Hz)

FAULT RADIUS RANGE 32m - 87m ( 58m)
STRESS DROP RANGE 0.66MPa — 12.93MPa ( 2.20MPa)

RANGE OF THE PEAK SLIP AT THE FAULT 1.5mm - 10.6mm ( 3.2mm)
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870202 094654.5 61.157 16.652 20.6 2.0 SV Soederhamn
FOR THE BEST FITTING MECHANISM

THE ORIENTATION OF THE RELAXED STRESS
AZIMUTH DIP

P-AXIS 54, -35. degrees

T-AXIS 132. 16.

THE HORIZONTAL DEVIATORIC STRESS AS GIVEN BY THE P- AND T-AXES
THE AZIMUTH OF COMPRESSION 46 degrees
THE RELATIVE SIZE 0.78

THE TWO POSSIBLE FAULT PLANES

STRIKE DIP SLIP
PLANE A 267, 127. 195. degrees
PLANE B 186. 78. 38.

THE NORMAL DIRECTIONS OF THE FAULT PLANES
AZIMUTH DIP

PLANE A 177. 37. degrees

PLANE B 276. 12.

STRIKE SLIP FAULTING DOMINATES

STATISTICAL INFORMATION

OF 1 FIRST MOTION POLARITY OBSERVATIONS
AT LEAST 1 ARE REQUIRED TO FIT

THE OPTIMUM MECHANISM HAS 0 POLARITY MISFITS

AMPLITUDES FOR P AND S AT 5 STATIONS ARE USED
ONLY MECHANISMS GIVING AN ESTIMATED STANDARD
DEVIATION OF THE AMPLITUDE ERROR FACTOR OF LESS
THAN 2.00 FOR SINGLE P-WAVE OBSERVATIONS ARE
TAKEN AS ACCEPTABLE AND INCLUDED IN THE FIGURES

5.31 % OF ALL MECHANISMS ARE ACCEPTABLE
50.0 % ACCEPTABLE DUE TO FIRST MOTION OBSERVATIONS
10.5 % OF THESE FITTED ALSO THE AMPLITUDES

THE PART OF WELL FITTING PLANES IS 21.3%

THE AMPLITUDE FIT OF THE OPTIMAL MECHANISM

GIVES A MEAN ERROR FACTOR OF 1.29

THIS CORRESPONDS TO A STANDARD DEVIATION FACTOR OF 1.38
FOR SINGLE P-WAVE OBSERVATIONS

THE DOUBLE COUPLE SOLUTION IS SIGNIFICANT
AT 2 % LEVEL
(F-VALUE: F( 9, 6) = 5.71)



870202 094654.5

T-AX1S ORIENTATIONS

61.157 16.652

EQUAL AREA PROJECTION 103309471
LOWER HEMISPHERE
*
+H++d 444+ 4 +
R T R +000+00+
* 4+ 00+4000++++ +0+++ +4++4
0000 O+0+0000+++ : 4%
+0000 Q00+0 ++++ o
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*+ + +++ 4+ *
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++00+++++ : S+ 40%

O00+++ P
+ ++4

HORIZONTAL DEVIATORIC STRESS
RELATIVE SIZE AND 103309471
ORIENTATION OF COMPRESSION
*
* : +0O*
A4+ 44 : ++0+0 *

+ +00000+++ H ++00000 *
*++00000000+ + : +0000+++ *
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* 0000000++++ : ++++++00000000+000
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* +++0000+ : + +00000000++*

*  00000++ : +++00000+ +
* 0+0++ H 44 +H+4x
*O+ . *
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20.6 2.0 58SV Soederhamn

P-AXIS ORIENTATIONS

EQUAL AREA PROJECTION 103309471
LOWER HEMISPHERE .
+ 4+ B *
0*00 O+ + B + 0O + *
O 00 0 O ++ : + *
00 00 O O 00 + *
+0 0 0 00 00 + : *
+ Q00000 ++ + *
+ + 4+ + 000 + + + *
* + 4+ +  ++ +00+ + *
+ ++ ++  O++ : *
% ++ 0O+ *
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* + +
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H e ot mm e m e — e m—
* + + ++ 4 H
* + ++ 00 O ++ + + : R
* +0 00 O O+ +0+ : 4+
* + 0 00 C 00 O+ + + O+ *
* + 0 00 O 00 O+ + +: + 40 + + +0 00 O+*
* + 0 0 00 O 00 + + 0O O++ + 00 00 *
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* + + + O+ + + ¢ 00 0 O +*
o4+ o+ o+ 4 +0 0 0 +
* +0+ + + 0 00 O*
* 00 + : + 00 *
+*00 + : + 0 *
*0 : + *
FAULT PLANE ORIENTATIONS
GIVEN BY NORMAL VECTORS
EQUAL AREA PROJECTION 103309471
LOWER HEMISPHERE
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RLbObLLbbbbbR+R+++ : bt
++b++bbbbbbLLRR+ 44— m e e ++LLLLL+b+
+ ++LLDLLL+++++++ H ++LLLbLbb
*4t+++++++Lb++ 4 : ++ ++bbbb
+ 4+ ++++LL+  ++++ +++R
L++ +++++ +++ HE *
+ ++ e+ 4 4+ *

* ++ +LLL+L+++++ *
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870218 155258.6 60.070

ORIGIN TIME 87 02
LATITUDE 60.066
LONGITUDE 12,529
FOCAL DEPTH 20.3

STA ARR. TIME

SLL P 15 53 9.22
SLL S8 15 53 17.54
HFS P 15 53 9.63
HFS § 15 53 18.19
VNY P 15 53 10.86
VNY S 15 53 20.03
GBD P 15 53 19.48
GBD S 15 53 35.66
HRN P 15 53 32.40
HRN S 15 53 57.50
KTB P 15 53 33.08
NYK S 15 54 11.92
VIM P 15 53 44.52

18

+/-
+/~
+/-

INPUT DATA FOR FAULT

STN DIST. AZIMUTH

KM DEGREE
VNY 74. 181.
GBD 133. 120.
HRN 221. 83.
KTB 235. 60.
NYK 289. 114.
HFS 66. 83.
SLL 63. 44.

S

P WWkR POl

+ 1

12.525

DYNAMIC SOURCE PARAMETERS

SIZE MEASURES

SEISMIC MOMENT: O0.712E+12 Nm
LOCAL MAGNITUDE: 1.9

20.2 1.9 Vermland

52

SHEAR WAVE CORNER FREQUENCY RANGE AT CLOSE DISTANCES

7.2Hz -11.8Hz
FAULT RADIUS RANGE

STRESS DROP RANGE

(

9.

3Hz)

58m - 95m

0.35MPa -

( 74m)

1.56MPa (

RANGE OF THE PEAK SLIP AT THE FAULT 0.9mm -

15H 52M 58.6S +/- 0.20s8 * K
0.010 DEG. 30.km from n:o 99
0.033 *xx*

4.5 KM * %k
WEIGHT DIST. AZIMUTH

.04 40.8 62.9 43.8 P UP

.48 0.4 62.9 43.8

.09 39.7 65.3 83.3 P DOWN

.50 0.4 65.3 83.3

.05 35.9 74.5 182.1

.07 0.4 74.5 182.1

.17 20.8 132.9 120.1

.16 0.3 132.9 120.1

.61 2.2 220.8 83.1

.55 0.0 220.8 83.1

.35 2.0 234.1 +60.1

.42 0.0 288.5 114.3

.02 1.3 323.8 140.3

PLANE SOLUTION
OMEGA(PZ) OMEGA(SZ)
METER-SEC METER-SEC
0.41E-09 0.25E-08
0.59E-09 0.23E-08
0.20E-09 0.13E-08
0.25E-09 0.10E-08
0.49E-09 0.16E-08
0.00E+00 0.00E+00
0.00E+00 0.00E+00

(150km)

0.76MPa)

2.3mm

(

1.4mm)
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870218 155258.6 60.070 12.525 20.2 1.9 vVermland
FOR THE BEST FITTING MECHANISM

THE ORIENTATION OF THE RELAXED STRESS
AZIMUTH DIP

P-AXIS 118. -1. degrees

T-AXIS 28. 28.

THE HORIZONTAL DEVIATORIC STRESS AS GIVEN BY THE P- AND T-AXES
THE AZIMUTH OF COMPRESSION -62 degrees
THE RELATIVE SIZE 0.89

THE TWO POSSIBLE FAULT PLANES

STRIKE DIP SLIP
PLANE A 70. 110. 20. degrees
PLANE B 167. 109. 159.

THE NORMAL DIRECTIONS OF THE FAULT PLANES
AZIMUTH DIP

PLANE A 340, 20. degrees

PLANE B 17. 19.

STRIKE SLIP FAULTING DOMINATES

STATISTICAL INFORMATION

OF 2 FIRST MOTION POLARITY OBSERVATIONS
AT LEAST 2 ARE REQUIRED TO FIT

THE OPTIMUM MECHANISM HAS (0 POLARITY MISFITS

AMPLITUDES FOR P AND S AT 5 STATIONS ARE USED
ONLY MECHANISMS GIVING AN ESTIMATED STANDARD
DEVIATION OF THE AMPLITUDE ERROR FACTOR OF LESS
THAN 2.00 FOR SINGLE P-WAVE OBSERVATIONS ARE
TAKEN AS ACCEPTABLE AND INCLUDED IN THE FIGURES

7.25 % OF ALL MECHANISMS ARE ACCEPTABLE
18.4 % ACCEPTABLE DUE TO FIRST MOTION OBSERVATIONS
39.4 % OF THESE FITTED ALSO THE AMPLITUDES

THE PART OF WELL FITTING PLANES IS 40.0%

THE AMPLITUDE FIT OF THE OPTIMAL MECHANISM

GIVES A MEAN ERROR FACTOR OF 1.22
THIS CORRESPONDS TO A STANDARD DEVIATION FACTOR OF 1.30

FOR SINGLE P-WAVE OBSERVATIONS

THE DOUBLE COUPLE SOLUTION IS SIGNIFICANT
AT 5 % LEVEL
(F-VALUE: F( 9, 6) = 3.98)



870218 155258.6 60.070 12.525

P-AXIS ORIENTATIONS

EQUAL AREA PROJECTION 104915531
LOWER HEMISPHERE
*
* H *
+*4 : *
o + : *
O+ + H *
00 + : *

0 ++ : *
oo + : *
*000O0 + 0 : *
00 000 ++ O : *
00 00 0 O+ +0 : *
000 00 O+ + + H + *
* 00 O + + + + @ O + *
00 O 0+ + + + ++ + *
e S R T i i T e +-00-00-0+—+————*
* + H O 00 00 00 ++ +*
* H +000 O 00 000 ++ *
* H + 0000000 000+
* : + 0 0 0 00 0 000 O*
* : + 00000 O 00 00 0O0*

* : + + +00 O 00 00 *

* : .+ ++ 0 000 *

* : +0 0 0 O*

* : ++0 00 O
* : + O 00 O*

* : + 00 *

* B *

* . *

HORIZONTAL DEVIATORIC STRESS
RELATIVE SIZE AND

ORIENTATION OF COMPRESSION
*

* : *

104915531

* ; *
o0 : *
G0000000+0 : *
000000000000 ++4 ++ : *
*000000000000000+ : *
00000000000000000 : *
*00000000000000000++
+00000000000000000+++
*+00000000000000000+0+0+ : ++++++ *
*+000000000000000+0000+ 0O ++++0++00+++40+4+ *
*++++OOOOOOOOOO+OO+++OO———OO+++OO+OOOOOOOOOO++++*
* 4+ 40444004+ 04 +4 4+ 0 +0000+000000000000000+ *
* +Hbt ot :+0+0+00000000000000000+*
* +++ +++00000000000000000+
* : ++00000000000000000*
* : 00000000000000000
* : +000000000000000*
: ++++000000000000
* : 0+00000000
* : o0

* . *

+++ *

20.2
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1.9 vermland

T-AXIS ORIENTATIONS

EQUAL AREA PROJECTION 104915531
LOWER HEMISPHERE
+ +0+ 00
* +++000000+0000
* ++000000000000000+
* +++0000000000000000000*
* +00000000000000000000  *
* +++0000+0+0000000000000+ *
* ++00000000000000000000 *
* 00+0 000000000000000 oo
* + ++ 00000000000000+ *
* 00000000000000+ *

o * 0+ + 0000000000004+ *
* 000+ O 0000000++ + *
* 00+400 O 0:0 O++ + *
* +0++++00000: + ++ *
A e +0++~4+00000~0-—memmem = R e *
* 0000+00000 0++ ++ *
* 0000000000+ + + 0 *
* 0000000000+ ; +00 *
* O0+0+++++ +: + *
* O+00++++ : *

* +0++ : *

* 0000+ : *

* +0+0+ : *

* +00+0+ : *

* 000000++ +++ *
*Q0000000+++ + o+ *
00000000+++ + ++ *

000000000++ ¢ +*
[o]e] ++
FAULT PLANE ORIENTATIONS
GIVEN BY NORMAL VECTORS
EQUAL AREA PROJECTION 104915531
LOWER HEMISPHERE
++ *
+RRRRRRR : *

*++RRRRRRRR : *
R++++RRRROORRRR *
RRRRRRRRRRRRRRRR+: *

* RRRRRRRRRRRRRRR : b4 4+
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LLLLL+ :+RRRRRRRRR+ + +
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870317 023734.2 60.156 15.858 5.3 1.7 Bergslagen

ORIGIN TIME 87 03 17 02H 37M 34.2S +/- 0.08S * k%
LATITUDE 60.156 +/- 0.009 DEG,. 9.km from n:o 12
LONGITUDE 15.858 +,/- 0.011 Avesta EM.

FOCAL DEPTH 5.3 +/- 3.5 KM * % %

STA ARR. TIME RES. WEIGHT DIST. AZIMUTH

HRN P 02 37 40.19 -0.04 56.8 36.4 73.0 P DOWN
HRN S 02 37 44.53 -0.15 0.5 36.4 73.0

KTB P 02 37 51.39 0.14 26.7 104.2 12.8

KTB S 02 38 3.63 -0.17 0.3 104.2 12.8

GBD P 02 37 51.87 0.16 26.0 107.0 223.8

HFS P 02 37 53.75 -0.13 23.1 120.3 269.8

HFS S 02 38 7.63 -0.72 0.3 120.3 269.8

SLL P 02 37 57.81 -0.06 18.8 144.9 285.3 P DOWN
NYK P 02 37 59.25 -0.04 17.6 154.1 152.5

VNY P 02 38 7.10 -0.19 2.4 207.6 247.6

VIM P 02 38 14.51 0.15 1.7 264.3 178.1

INPUT DATA FOR FAULT PLANE SOLUTION

STN DIST. AZIMUTH OMEGA(PZ) OMEGA(SZ)
KM DEGREES METER-SEC METER-SEC
HRN 37. 72.2 - 0.36E-09 0.15E-08
KTB 105. 12.9 0.22E-09 0.15E-08
GBD 106. 223.9 0.17E-09 0.77E-09
NYK 154. 152.3 0.49E-09 0.16E-08
VNY 207. 247.7 0.19E-09 0.89E-09
VIM 264. 178.0 0.54E-09 0.11E-08
SLL 145. 285.6 - 0.00E+00 0.00E+00

DYNAMIC SOURCE PARAMETERS
SIZE MEASURES

SEISMIC MOMENT: 0.525E+12 Nm
LOCAL MAGNITUDE: 1.7

SHEAR WAVE CORNER FREQUENCY RANGE AT CLOSE DISTANCES (150km)
6.4Hz -12.6Hz ( 8.8Hz)

FAULT RADIUS RANGE 54m - 107m ( 78m)
STRESS DROP RANGE 0.18MPa - 1.40MPa ( 0.48MPa)

RANGE OF THE PEAK SLIP AT THE FAULT 0.6mm -~ 2.5mm ( 1.2mm)
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870317 023734.2 60.156 15.858 5.3 1.7 Bergslagen
FOR THE BEST FITTING MECHANISM

THE ORIENTATION OF THE RELAXED STRESS
AZIMUTH DIP

P-AXIS 117. -35. degrees

T-AXIS 163. 45.

THE HORIZONTAL DEVIATORIC STRESS AS GIVEN BY THE P- AND T-AXES
THE AZIMUTH OF COMPRESSION -81 degrees
THE RELATIVE SIZE 0.43

THE TWO POSSIBLE FAULT PLANES

STRIKE DIP SLIP
PLANE A -31. 154. 168. degrees
PLANE B 228. 95. 65.

THE NORMAL DIRECTIONS OF THE FAULT PLANES
AZIMUTH DIP

PLANE A 239. 64. degrees

PLANE B 138. 5.

STATISTICAL INFORMATION

OF 2 FIRST MOTION POLARITY OBSERVATIONS
AT LEAST 2 ARE REQUIRED TO FIT

THE OPTIMUM MECHANISM HAS 0 POLARITY MISFITS

AMPLITUDES FOR P AND S AT 6 STATIONS ARE USED
ONLY MECHANISMS GIVING AN ESTIMATED STANDARD
DEVIATION OF THE AMPLITUDE ERROR FACTOR OF LESS
THAN 2.00 FOR SINGLE P-WAVE OBSERVATIONS ARE
TAKEN AS ACCEPTABLE AND INCLUDED IN THE FIGURES

8.68 % OF ALL MECHANISMS ARE ACCEPTABLE
32.3 % ACCEPTABLE DUE TO FIRST MOTION OBSERVATIONS
26.9 % OF THESE FITTED ALSO THE AMPLITUDES

THE PART OF WELL FITTING PLANES IS 37.2%

THE AMPLITUDE FIT OF THE OPTIMAL MECHANISM

GIVES A MEAN ERROR FACTOR OF 1.35
THIS CORRESPONDS TO A STANDARD DEVIATION FACTOR OF 1.44

FOR SINGLE P-WAVE OBSERVATIONS

THE DOURBLE COUPLE SOLUTION IS SIGNIFICANT
AT 18 % LEVEL
(F-VALUE: F(11, 8) = 1.93)



870317 023734.2 60.156 15.858

T-AXIS ORIENTATIONS
EQUAL AREA PROJECTION 107602374
LOWER HEMISPHERE
00+000000+
+000000000000+++++ *
*  00000000000++++ *
* O0000++++++ *
* +00+0++4++: *
* + 444 H *
* + . *
* . *
* 1 *
* + *

* + 41 *
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* +++00000000000++ *

* ++0000000000000+ *

* +000000000000000C+ *

* ++000+0000000000*

+0 000000+0

HORIZONTAL DEVIATORIC STRESS
RELATIVE SIZE AND 107602374

ORIENTATION OF COMPRESSION
*
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* s *
* : *
* + +++++0040+++ *

* ++++++++++++00000++++ ++ 4%

* +0000++++++:  +++0+++++++++00000++
*++0+++++++++00000+++ +: ++++4+++++00000000++
*+0+0++04+++0000000+ : ++++++0000000000*

*+000000000000000 000+ : ++++000000000000+ *
*+0000000000000000000+ : ++0000000000C000000+ *
+00000000000000000000-+-~~+-00000000000000000000+
*+0000000000000000++ ¢ +0000000000000000000+*
*+000000000000++++ : +000000000000000000+ *
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*+ 44 ++++00000++++++++++++ *
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L] l *
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* : *

* * *

* . *
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5.3 1.7 Bergslagen

P-AX1S ORIENTATIONS
EQUAL AREA PROJECTION 107602374
LOWER HEMISPHERE
+ o+ *
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00 O+ + + + : + 0O + + 47
00 0 0 + : + + + + %
¢} 0000++ : + o+ o+ 4
+ 00 0 0O+ : 4 ottt +
*00O0 00 + : ++ 0 00+ *
++ 000 00 O+ + + : + 00 O 00+ + *
++ +0 0 00 00 + + : C 000 + + *
+++ 00 00 00 O : +0 00 00 O *
* ++ 0 00 0 O + : +0 0 0 0 O+ *
+ + 000 O 00 O+ : ++ O O 00 O+*
+===4+-00-00-0-04~=——mmmwm e ++-00-00-0~-++*
* + +0 0 00 O + : + 00 00 O+ +*
* + ++ ++ 0 00 : + +0 00+ ++ *
* + + ++ o+ : + ++ 4+ +*
* ++ : + +*
* +4*
* ++ *
* + *
* + : + O*
o+ o+ : + 0
*to 44+ : + + + O*
+ 0+ + H + + + ++ *
+*+0 0O + 414+ + o+ o+ o+
* 4 O +:4+++ + *
O +:+4

FAULT PLANE ORIENTATIONS

GIVEN BY NORMAL VECTORS

EQUAL AREA PROJECTION 107602374
LOWER HEMISPHERE

+* : LL+L
RRRRR++ H LLLLLLL
ORRRRRR++++++ @ LLLLLLLLLL
RRRRRRRRR+ ++ +: + LLLLLLLLLLLL

RRRRRRRRRRR+ + +++++++ +LLLLLLLLLLLLL+
*RRRRRRRRRRRR+++++4+++++RR+DDLLLLLLLL+++ *
+RR++RRRRRRRRR+++++++++RRRLLLLBLLL+L++++ *

*++++++RR+RRRRRRR+++++++++DbbL+LLb+L++ *
* ++++RLDDRRR+++++ ++DRR+++++++++ *

* ++L+LLbRbRR+++ : +RRR+++  +++++ *
* +++LLLLDLbDbR+ @  ++++++++ + ++ *
* +++++++LLbLbb+ e *
* ++++++LLLbLbL+ : +EE++ *
o it +---+++LLO0OLL+——~mmmmm B L R B PR o
* +++++LLLLLLLL +4++4++++ + +++ *
* ++++++++LLLOLLLL+: +++RRR++++L+b+ *
* ++++++++LLLLLLLLL+: ++ ++RRRRbbbbbRbb+ *
* ++++++LLLOLLLLLL++++ ++bbbbbbbbLbRb+ *

* +++LLLLLLLLLLLLLL+++ ++++++RbRbbbbbbRRR++
* ++LLLLLLLLLLLLLLL+++++++++RbRbbbbbbRRRR+*
*  4+4++LLLLLLLLbLLLLLLL++++++++bRbRbRRRRRRR+
*4++++LLLLLLLDLLLLLLLL++++4+++++RRRRDORRRRR
++L+LLL+LLLLLLLLL+ L+++++++++RRRRROORR
LLLL++++L+LLLL + + + +++++++RRRRORRR
LLLLL++++++ : ++++RRR
LLLLL+++ H ++R+
LL++ : *



59

870320 204211.7 58.426 13.978 19.3 2.0 Skoevde aftershock
FOR THE BEST FITTING MECHANISM

THE ORIENTATION OF THE RELAXED STRESS
AZIMUTH DIP

P-AXIS 113, 5. degrees

T-AXIS 26. -35.

THE HORIZONTAL DEVIATORIC STRESS AS GIVEN BY THE P- AND T-AXES
THE AZIMUTH OF COMPRESSION -66 degrees
THE RELATIVE SIZE 0.83

THE TWO POSSIBLE FAULT PLANES

STRIKE DIP SLIP
PLANE A 64. 62. ~23., degrees
PLANE B 165, 70. 210.

THE NORMAL DIRECTIONS OF THE FAULT PLANES
AZIMUTH DIP

PLANE A 154, 28. degrees

PLANE B 255, 20.

STRIKE SLIP FAULTING DOMINATES

STATISTICAL INFORMATION

OF 2 FIRST MOTION POLARITY OBSERVATIONS
AT LEAST 2 ARE REQUIRED TO FIT

THE OPTIMUM MECHANISM HAS 0 POLARITY MISFITS

AMPLITUDES FOR P AND S AT 6 STATIONS ARE USED
ONLY MECHANISMS GIVING AN ESTIMATED STANDARD
DEVIATION OF THE AMPLITUDE ERROR FACTOR OF LESS
THAN 2.00 FOR SINGLE P-WAVE OBSERVATIONS ARE
TAKEN AS ACCEPTABLE AND INCLUDED IN THE FIGURES

5.98 OF ALL MECHANISMS ARE ACCEPTABLE
24.2 ACCEPTABLE DUE TO FIRST MOTION OBSERVATIONS
24.7 % OF THESE FITTED ALSO THE AMPLITUDES

THE PART OF WELL FITTING PLANES IS 22.8%

a® o©

THE AMPLITUDE FIT OF THE OPTIMAL MECHANISM

GIVES A MEAN ERROR FACTOR OF 1.34

THIS CORRESPONDS TO A STANDARD DEVIATION FACTOR OF 1.43
FOR SINGLE P-WAVE OBSERVATIONS

THE DOUBLE COUPLE SOLUTION IS SIGNIFICANT
AT 31 % LEVEL
(F-VALUE: F(11, 8) = 1.44)
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