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1. INTRODUCTION

In order to automatically identify the iargest number of these events and to sim-
plify the analyst task in locating and identifying events, a method was developed to iden-
tify and locate events using the principle of “reference events”. The event classification
method, described by Rivi¢re-Barbier and Grant (1992), was originally tested on a small
data set of events located in Karelia (Russia). In this study, the data set has been extended
to all the svents included in the IMS database. Since most of events available in the data-
base were located in Scandinavia, this area has was studied first.

Scandinavia was divided into 64 smaller areas in order to facilitate the classifica-
tion of the - . ents (Figure 1). The !argest areas cover 2 °in latitude and 6° in Jongitgde. The
dimensions uf the wreas were chosen to vary with respect to the density of events. For
instance, 146 events were located in area 25 by the IMS while areas 15, 16, 17 and 18, rep-
resenting the same total area as area 25, included 2232 events. Within each area, the data
were selected in order to build a representative data set with sufficient events for analysis.

This report presents the results of the areas located around the ARCESS array
(Figure 1, from area 1 to area 30). Recordings on the vertical channel (sz) of the central
element (ARAQ) were used in the waveform comparison process. Processing parameters,
general information and results have been compiled for each area. Processing parameters
are listed in Appendix 2 and mine locations from different sources are listed in Appendix
3.

2. AREA DESCRIPTION

Each area in this study is described in Appendix 1. The parameteis used to charac-
terize the areas are given below.

2.1. Latitude

Upper and lower latitude limits of the studied area are given in this field. For the
part of Scandinavia described in this report, the lowest latitudc is 64 degrees and the high-
est latitude is 72 degrees. Area sizes in latitude can vary from 0.5 degrees to 2 degrees. All
latitudes given in this report are North of the Equator.

2.2, Loagitude

Upper and lower longitude limits of the studied area are given in this field. For the
part of Scandinavia described in this report, the smallest longitude is 5 degrees and the
largest longitude is 38 degrees. Area sizes in longitude can vary from 1 degree to 6
degrees. Longitudes given in this report are East of the Greenwich meridian.

2.3. Number of events in IMS2
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Figure 1:  Map of Scandinavia showing the 64 areas that are being used to define a list
of reference events for each array NORESS, ARCESS and FINESA.. The
arrays are represented by their central element: NRAO, ARAOQ, FIAQ.

This is the number of events located within a particular area by the IMS and stored
in the IMS2 database account at the time of the selection, January 31, 1993.

At that time, the database contained events that occurred between November 1990
and January 27, 1993.

2.4. Local magnitude range




The local magnitude range is used to select the events from a particular area. The
range is used to obtain a representative data set of the area. The events were selected based
on decreasing magnitude in order to get the largest events. When no magnitude range is
given, all events located in the area were used in the processinz. This happened when too
few large events were available for a given area.

2.5. Number of events within the magnitude range

This number is either equal to or lower than the number of events in the IMS data-
base. Not all events located by the IMS and whose locations are stored in the database
have waveforms. Technicz! problems at the array, software and hardware failures, and
misidentification by the expert system can lead to lost of waveforms.

2.6. Number of processed events

The number of processed events is, in most cases, smaller than the number of
events within the magnitude range. A specific length of signal is required for the computa-
tion, and the waveform segment available on disk may not be long enough. Also, an event
recording can be made of two waveform segments, a case that is not handled by the pro-
cessing program.
2.7. Frequency range used to process the data

For each area, a frequency range is defined to filter the data. The high frequency
corner is always set to 16.0 Hz. The low frequency comner varies from 0.5 to 5 Hz. Some
data would require a band reject filter which is not available in the current version of the
software.

2.8. Processed signal length

The signal length needed for processing should include all phases and therefore, is
distance dependent. The signal length is defined to contain the beginning of the first phase
and the end of the last phase associated with the event. The total length includes the signal
plus 1/8 of the signal length at each end since a 10% cosine taper is applied to the data.

2.9. Number of reference events
This gives the number of events that need to be used to identify most of the events

located within a given area. The table listing these reference events gives the following
information:

- the event number: related to the processing;

- the IMS orid: IMS event number in the database;

- the IMS arid: IMS number for the first phase associated with the event at the

array;

- the IMS wfid: IMS waveform number, in this study only waveforms recorded at

the central element of the array (ARAO) on the vertical channel (sz) were used;

- the threshold: lowest cross-correlation value between a given reference event




characterizing a group and any event in this particular group. Below this value,
events do not belong to the group represented by the reference event;

- the group: corresponds to the event classification using the cluster analysis
method.

2.10. Reported mine locations
Scandinavia has a very large and important mining industry. The vast majority of

the events recorded in the area are related to the miring activity either directly as mine
blasts or indirectly like as induced events (tremors). In Appendix 3, lists of the different
mine locations are given. These lists have four main sources: SPOT photos, the bulletin
published by the University of Helsinki, the Norwegian bulletin, and Joint Operations
Graphic (JOG) maps from the American Defense Mapping Agency. The mine locations
found on SPOT photos are the most reliable locations but the SPOT photos available
cover only a small part of the studied area. The locations provided in the Helsinki bulletin
have recently been updated based on SPOT locations and on information that the Finnish
researchers have obtained directly from the mines. Based on these new locations, the Hel-
sinki mine labelling changed after May 1991. This list is probably the most complete list
for Scandinavia despite the fact that some large mines located outside of Finnish territory
are missing. The Norwegian bulletin gives a list of accurate mine locations located mostly
in Norway. The JOG maps give accurate mine locations but they are not recent enough:
some new mines may be missing and old mines may not be active any more. For each
area, a table gives:

- the label: symbol used on the IMS maps,

- the location: latitude and longitude,

- the source of information.

2.11. Number of events found in the Helsinki bulletin

The bulletin published by the University of Helsinki provided extensive lists of
events occurring in Scandinavia. Most of the mining events reported in this bulletin have a
“manual location” which means that the Finnish analys.s visually assigned these events to
a particular mine.

A software was used to match the evenis reported in the Helsinki bulletin with the
studied events applying the parameters used during the GSETT II experiment:

- the distance between associated events should not be more than 3°,
- the difference in origin time should not be more than 60 seconds.

However, events with distance differences of more than 2 degrees and/or time dif-
ferences of more than 30 seconds were not considered, and therefore, the number of
events found in the Helsinki bulletin that were associated with events in the IMS database
was larger that the number of events listed in the tables of this report.
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For each area, a table listing the studied events that were found in the Helsinki bul-

letin based on the criteria described above gives:

- the event number: this number is related to the processing,

- the event orid: number identifying the event in the IMS database,

- the origin time: from the IMS origin table,

- the local magnitude: from the IMS origin table,

- the Helsinki location: either a latitude and longitude if the event was located

automatically or a mine label if the event was located manually,

- the Helsinki identification: if the event was located manually, the label ‘EXP’ (for

explosion) is used, if the event was identified as being an earthquake, the label

‘EART is used, if the event was identified as being probably an earthquake, the

label ‘P.E.’ is used and if the event was identified as being probably a quarry

blast, the label ‘P.QB’ is used. When the event was not identified in the Helsinki

bulletin, no label is shown,

- the group: corresponds to the event classification using the cluster analysis

method.

2.12, Events with the most reliable classification
For each area, events were sorted into groups based on their waveform similarities.

A table gives the list of the events included in each group. Events with a too low signal-to-
noise ratio and events that were mixed with other events on the same waveform (except
when these events were v2ry large and when they all belonged to the same group) were not
included in this list. The table includes the following information:

- the event number: this number is related to the processing,

- the event orid: number identifying the event in the IMS database,

- the origin time: from the IMS origin table,

- the location: from the IMS origin table,

- the local magnitude: from the IMS origin table,

- the group: corresponds to the event classification using the cluster analysis

method.

2.13. Remarks

For each area, comments are made about the events and their classification. Com-
parisons are made between mine locations and event locations. Any particular features
seen on the data are reported.
2.14. Mine and event locations

A map showing the IMS event locations and the mine locations from SPOT pho-
tos, from the Helsinki bulletin and from the Norwegian bulletin are plotted for each area.
This map allows the comparison between the different sets of mine locations mentioned




above as well as the comparison between the event locations and the mine locations.

3. CONCLUSION

One-thousand-nine-hundred-thirty-three events were processe1 during this study.
One hundred-fifty-eight reference events have been defined to represent the event types
recorded at ARCESS for distances between 0 and 7.69 degrees. Among the studied event,
one thousand-three-hundred-thirty-five events were reliably associated with a reference
event and five-hundred-sixty-one events were found in the Helsinki bulletin.

Some reference events may be redundant because some event clusters overlap sev-
eral areas. They will be eliminated from the final list of reference events that will be used
in the Event Identification module. Comparisons with other sources of information have
shown that more than cne reference event can be necessary to characterize the signals
coming from a particular mine (e.g. Kiruna and Varanger mines). For areas where the
mines are separated by only a few kilometers and where information is lacking, a refer-
ence event can represent the signals coming from more than one mine.

For several areas, no reference events were defined at all. This occurred either
because the events had too low signal-to-noise ratios and/or because all of the events were
dissimilar. Areas where only a few tens of events were located by the IMS typically had
these problems. The distance seems to have less influence than the quality of the data; for
instance, no reference events are given for areas 26 and 27 while several reference events
are listed for areas 28, 29 and 30 which are more distant to the array that areas 26 and 27.
It is more difficult to define reference events for areas where scattered carthquakes are
located (area 27) in opposition to areas with mining activity or areas with swarms of earth-
quakes (area 25).

The comparison between mine locations from diverse sources and the IMS loca-
tions show that for many areas, a location bias in distance and azimuth could be observed.
Between 0 and 220 km from the array, events are usually located too far away with respect
to their “true” locations (e.g. events from the Varanger mine). Over 220 km, events are
located too close to the array (e.g. events from the Kiruna mine). The distance has been
studied by Ryaboy (1992) and the azimuthal bias has been studied by Suteau-Henson
(1992).

For most of the studird areas, IMS event locations form clusters around a particu-
lar location; this feature characterized mining activity. For some areas, the cluster can
directly be associated with a mine found on a SPOT photo or reported in one of the bulle-
ting (e.g. area 19). For other areas, the density of mines prevents any association between a
cluster of events and a particular mine (e.g. area 10). A third category of areas consists of
areas where an event cluster can be seen but no mine !cations have been reported by our




sources (e.g. area 5).

Many earthquakes have been identified by the Finnish analysts in Scandinavia dur-
ing the time period covered by the data set. Most of them were unique, in the sense that no
aftershocks were detected except for a swarm of earthquakes that occurred in Steigen
(Norway). This swarm, located in area 25, has been idertified using information from the
“ground-truth database” (Grant, 1992).

This method using the list of reference events determined here has already been
partially implemented in the IMS. The next steps will be to test the list of reference events
defined for the ARCESS array on all events located in Scandinavia by the IMS in order to
evaluate the capabilities of the method for different magnitude ranges; to automate the
method of determining the reference events, and to build similar lists for the NORESS,
FINESA and GERESS arrays.
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AREA 1

Latitude: 70 - 72°N

Longitude: 18 - 24°E

Local magnitude range: > 1.0

Reported mine locations: None

Number of events in IMS2: 186

Number of events within the magnitude range: 56
Number of processed events: 46

Event # IMS orid IMS arid IMS wifid Threshold Group

46 339219 1439257 2693160 0.83 A

27 30690 855259 1008248 0.81 B

Events with the most reliable classification:
: Table 2: Sorted events for area 1
Event# | IMS orid Origin time IMS lat. IMS lon. IMS ml Group

T | 10105 | 15090 | 1326001 ] 70259 | 21739 | 103 | A |
20 26727 6/1491 12:26:28.2 | 70.3650 21.6609 1.12 A
21 26728 6/14/91 12:26:39.4 70.2800 21.7079 141 A
32 33283 8/6/91 19:25:51.5 70.3146 21.5423 1.17 A
37 300508 10/18/91 | 13:26:18.0 70.2554 21.6794 1.16 A
38 302432 11/29/91 13:28:52.9 70.2595 21.3960 1.11 A
39 321697 3/6/92 13:26:04.0 70.4300 21.8751 1.19 A
41 324445 4/10/92 12:25:22.8 70.1908 22.7734 1.16 A
42 327352 5/8/92 12:27:00.0 70.2285 21.9835 1.23 A
44 337260 8/28/92 12:23:57.7 70.1760 22.5852 1.16 A
46 339219 9/18/92 12:24:53.2 |. 70.1411 22.7680 1.05 A
2 17222 4/1291 18:12:35.2 70.0986 720.3555 1.51 R

Number of events found in the Helsinki bulletin: None
Frequency range used to process the data: 2 - 16 Hz
Processed signal length: 4s. before P, 38s. after P
Number of reference events: 2 |

Table 1: Reference events for area 1
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Table 2: Sorted events for area 1

Event# | IMS orid Origin time IMS lat. IMS lon. IMS ml Group
3 19456 412091 14:11:06.8 | 70.0328 Zﬁ?& 1.26 T
4 19039 412491 11:07:142 | 70.0320 20.4357 123 B
5 19085 42491 19:04:01.1 | 70.0855 20.6009 1.39 B
6 20016 412591 18:59:32.3 | 70.0654 20.3075 1.28 B
7 20139 4/3091 | 21:56:07.8 | 70.0797 20.6189 1.44 B
8 20438 5/3P1 10:32:46.8 | 70.1323 20.6331 1.02 b
9 21232 5/891 16:08:49.9 | 70.0524 20.7105 1.13 B
10 22195 5/1391 17:47:594 | 70.2426 20.5928 1.02 B
11 23780 527191 | 06:45:02.9 | 70.0717 20.3969 1.14 B
12 24030 5/28/91 18:32:36.9 | 70.0724 204711 1.18 B
13 24378 5/2991 16:06:20.0 | 70.0424 20.6248 1.10 B
14 24445 5/3191 10:04:32.3 | 70.0771 20.4804 L1 B
15 24856 6/391 18:59:45.0 | 70.0799 20.5733 1.15 B
16 25064 6/4/91 18:22:40.8 | 70.0298 20.5298 1.36 B
17 25425 6/1/91 06:39:09.8 | 70.0835 20.5993 1.07 B
18 25572 6/8/91 10:28:33.1 | 70.1005 20.4137 1.10 B
19 25809 6/1091 | 20:32:33.7 | 70.0790 20.3969 137 B
22 26497 6/16/91 | 20:22:07.7 | 70.0418 20.5441 L19 B
23 28202 6/29/91 13:54:03.4 | 70.0500 20.5107 1.09 B
24 28446 7/4/91 18:44:52.7 | 70.0488 20.4533 1.09 B
25 28667 7/6/91 13:48:15.7 | 70.0009 20.3531 1.14 B
26 30007 71891 20:38:35.9 | 70.0094 20.2896 1.54 B
27 30690 712191 16:06:22.6 | 70.1757 20.5006 1.32 B
28 31937 712591 11:43:02.7 | 70.1750 20.4997 1.18 B
29 31661 7/26/91 13:54:49.9 | 70.1104 20.5618 L1 B
31 33253 8/6/91 16:11:29.5 | 70.0707 20.5350 1.28 B
33 34148 87191 13:22:27.1 | 70.0491 20.3212 1.14 B
34 33851 891 12:57:21.9 | 70.0873 20.5597 1.30 B

12




Table 2: Sorted events for area 1

Event# | IMS orid Origin time IMS lat. IMS lon. IMS ml Group
35 34340 | 81391 [ 18:35:106 | 700514 | 203622 1.39 B
36 34884 | 8/1891 | 18:05:53.9 | 70.0990 | 20.4381 119 B
Remarks:
- Despite their magnitude being above 1.0, none of these events was reported in the
Helsinki bulletin.

- These events clearly originate from two individual sources. As seen on Figure 2,
events from group A form a tighter cluster than events from group B.

- Except for one event, events from group A show consistent origin times: around
12:25 (summer time) and 13:25 (winter time). Origin times for events from group
B are widely spread in time.
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AREA 2

Latitude: 70 - 712°N

Longitude: 24 - 28°E

Local magnitude range: > 0.5

Reported mine locations: None

Number of events in IMS2: 137

Number of events within the magnitude range: 58
Number of processed events: 52

Number of events found in the Helsinki bulletin: None
Frequency range used to process the data: 3 - 16 Hz
Processed signal length: 4s. before P, 34s. after P
Number of reference events: 3

Table 3: Reference events for area 2

Event # IMS orid IMS arid IMS wfid Threshold Group
37 324318 1231825 1931736 0.82 A
20 301540 1006168 1411450 0.86
7 32522 870589 1066283 095 c
Events with the most reliable classification.
Table 4: Sorted events for area 2
Event # TIMS orid Origin time IMS lat. | IMS lon. IMS ml Group
— — —_— = — _
1 8840 124091 | 13:29:009 | 71.1563 26.1382 0.57 A
2 13516 37181 15:01:15.0 | 71.1767 26.1860 0.72 A
3 22406 5n5P1 | 13:28:55.4 | 71.0849 26.3486 0.67 A
4 24113 52981 | 13:29:089 | 71.0711 26.4691 0.71 A
10 35799 82091 | 19:09:33.6 | 70.8735 26.2909 0.72 A
28 313526 13002 | 12:54:254 | 70.9830 26.7224 0.75 A
29 316674 272192 | 11:25:414 | 70.8822 26.2673 0.57 A
36 323880 4/6/92 13:16:23.6 | 709557 25.8255 0.74 A
37 324318 4992 12:27:12.5 | 71.0545 26.1534 0.71 A
38 325586 42302 | 13:33:59.7 | 70.9935 26.1239 093 A
39 327240 51192 12:33:023 | 71.0709 25.9262 0.75 A
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Table 4: Sorted events for area 2

Event # IMS orid Origin time IMS lat. | IMS lon. IMS ml Group
——— — e — = —_—
40 328318 5/1992 13:41:08.8 71.0579 25.9543 0.63 A
41 329027 5/26/92 13:13:52.5 71.0094 25.9174 0.79 A
42 332989 6/24/92 13:20:38.7 71.0641 26.0970 054 A
43 332190 71292 09:49:22.3 70.8710 26.2418 055 A
47 340448 93092 12:57:47.6 71.0719 26.0206 0.88 A
48 341260 10/13/92 13:25:07.4 70.9783 25.9840 0.63 A
49 342290 10/27/92 13:34:56.5 71.0249 26.6466 0.79 A
50 343280 1171092 11:00:06.8 70.9589 26.3290 1.15 A
11 38581 9/1191 12:24:49.2 71.0373 24.4451 0.65 B
12 39980 9/1991 08:40:27.5 71.0G79 24.5354 0.72 B
14 300557 10/24/91 07:34:24.4 71.1015 24.4681 0.89 B
15 300558 10/24/91 07:53:29.8 71.0921 24.4458 0.88 B
16 300689 1072431 08:03:06.4 71.0928 24.4556 050 B
17 300690 10/24/91 08:22:56.2 71.1024 24.4060 0.89 B
18 300560 10/24/91 08:33:30.8 71.1049 24.4374 050 B
19 301518 11/14/91 09:34:33.2 71.1178 24.4435 1.03 B
20 301540 11/1581 11:21:12.4 71.1767 24.4491 1.00 B
21 301541 11/1591 11:34:01.3 71.1574 24.4865 1.01 B
22 301543 11/1591 11:42:03.7 71.1894 24.6722 0.99 B
23 301673 1171591 11:50:40.6 71.2002 24.2036 0.96 B
24 301544 1171591 12:05:02.1 71.1320 24.3189 091 B
25 301545 1171591 12:12:309 71.1037 24.4459 0.88 B
26 301546 11/1591 12:20:47.3 71.1862 24.3457 0.89 B
27 301547 11/1591 12:30:06.2 71.1822 24.1852 092 B
31 319667 3/6/92 14:07:36.7 71.0239 24.4218 0.60 B
32 319782 3/492 13:40:53.7 71.0739 24.4628 053 B
34 320118 3/10/92 11:56:48.6 71.0366 24.3070 054 B
7 32522 73191 20:23:58.9 71.0050 24.0496 0.54 C
8 32527 713191 21:30:44.5 71.0008 24.0137 0.53 C
9 32540 73181 22:56:01.4 70.9880 24.0925 052 C
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Remarks:
- Events from group B are all located off-shore. They show specific origin time:
most of them occurred either on October 24, 1991 or on November 15, 1991.
- All events from group C occurred on the same day (July 31, 1991).
- Events from group A have scattered locations and seem to occur more randomly
over the year.
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Figure 3:  IMS event locations for area 2.
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Latitude: 70 - 72°N
Longitude: 28 - 32°E

Local magnitude range: > 1.0

AREA 3

Number of events in IMS2: 154
Number of events within the magnitude range: 69
Number of processed events: 67
Frequency range used to process the data:1 - 16 Hz
Processed signal length: 4s. before P, 34s. after P

Number of reference events: 5

Table 5: Reference events for area3

Event # IMS orid IMS arid IMS wfid Threshold Group
67 345676 1536332 2886149 0.82 A
2 14423 711394 500327 0.81 B
14 29288 841401 974876 0.81 C
46 335047 1379651 2434480 0.86 D
50 335771 1390884 2465770 0.87 E
1 8256 652135 1361299 > F
Reported mine locations:
Table 6: Mine locations for area3
Label Latitude °N Longitude °E Origin
(Varanger) 7048 28.50 S. Mykkeltveit
Number of events found in the Helsinki bulletin: 1
Table 7: Events found in the Helsinki bulletin for area 3
Event # | IMS orid IMs origin time IMS ml HEL location HEL label | Group
— — —— e — ————— —
1 8256 12/16/90 | 00:58:27.5 2.26 71.14 27.49 PE. -
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Events with the most reliable classification:
Table 8: Sorted events for area 3 '
Event # IMS orid Origin time IMS lat. IMS lon, IMS ml Group
5 | w1 | e | tesams | moser | moost | m | A | g
25 41660 925M | 15:04:22.2 | 70.4087 28.8118 123 A
32 323498 42p2 | 17:18:37.6 | 703956 28.8336 1.01 A '
59 340941 10782 | 13:31:169 | 70.3787 29.1637 1.14 A
67 345676 12/16/92 | 17:20:30.0 | 70.3657 28.9156 1.07 A '
2 14423 32091 | 13:35:383 | 703116 29.1352 1.03 B
26 300682 10/30/91 | 13:25:08.5 | 70.3969 29.0555 1.10 B '
28 302258 12/491 | 08:41:23.0 | 703164 29.3765 1.08 B
29 302581 1271191 | 14:09:12.6 | 703471 29.1354 1.18 B '
36 328669 5r2092 | 07:34:353 |  70.3599 29.2422 1.04 B
62 342233 10126/92 | 13:54:04.1 | 703779 28.7142 1.08 B '
4 22312 5181 15:18:00.1 | 70.4449 29.4308 131 C
12 28464 7491 | 21:10:358 | 70.3046 28.8988 1.03 c '
14 29288 7M1/ | 21:23:42.8 | 704305 28.9595 1.22 C
19 34432 8/1491 | 12:28:16.5 | 703607 28.9402 121 C
27 302296 112691 | 07:27:544 | 70.4256 29.4292 138 c '
30 320329 212692 | 17:55:31.5 | 70.3270 29.6533 1.03 C
31 321425 31992 | 17:02:03.4 | 70.4210 29.0862 1.06 c '
7 25686 6/591 13:34:39.6 | 70.3588 29.3286 1.24 D
9 26032 61191 | 13:12:434 | 70.2785 28.5411 1.53 D l
10 27008 62491 | 12:47:01.1 | 70.3854 28.8890 1.0 D
11 28100 612691 | 10:31:194 | 70.4157 28.9726 1.66 D l
15 31194 2091 | 16:53:30.8 | 70.3707 29.3376 1.89 D
18 34143 87m1 | 1243:585 | 703466 | 28.6307 1.65 D '
24 38258 9/5M1 17:07:51.2 | 70.3763 29.5515 1.80 D
40 331025 6/1882 | 17:52:42.5 | 70.2621 28.6545 1.59 D '
41 331475 62492 | 03:20:56.9 | 70.2450 28.6744 1.54 D
42 332973 7mMP2 | 13:47:01.7 | 70.3860 28.7859 1.32 D '
i
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Table 8: Sorted events for area 3

Eveat # IMS orid Origt.: time IMS lat. IMS lon. IMS ml Group
43 | 333133 | 71262 | 1457458 | 703653 | 286190 | 118 | D |
44 334953 | 715m2 | 21:18:050 | 704676 | 292107 146 D
45 334551 | 728m2 | 16:34:088 | 703631 | 29.2964 115 D
46 335047 842 | o7:59:57.6 | 702132 | 287836 137 D
48 335341 8192 | 1718:504 | 704333 | 200m L1 D
49 335596 | smm2 | 1655475 | 703241 | 289398 133 D
51 337183 | 8nIM2 | 16:40:048 | 702700 | 28.5995 136 D
53 337803 932 | 1510090 | 703482 | 29.2638 138 D
55 340107 | 9252 | 07:30:203 | 703082 | 28.8569 144 D
56 340337 | 9n8m2 | 17:24:543 | 703280 | 289632 146 D
3 21592 | 43081 | 15:11:567 | 70419 | 292814 124 E
5 24338 snom1 | 1459:042 | 703602 | 289529 126 E

6 25047 6491 | 13:41:162 | 704195 | 200910 118 E
8 25987 6891 | 1130:440 | 703345 | 29.5835 155 E
17 33006 18081 | 23:21:474 | 704796 | 29.2000 153 E
16 32089 12491 | 2203324 | 70516 | 2024 1.63 E
20 35043 s1sm | 1550250 | 702630 | 29.0836 112 E
21 35528 82191 | 12:23:41.7 | 704859 | 29.2854 1.48 E
22 35951 82291 | 1629386 | 704374 | 293351 1.54 E
13 327337 sBP2 | 1118203 | 703872 | 28.8075 139 E
34 328546 | Sn6m2 | 1219317 | 7042m | 287940 149 E
35 328447 | spop2 | 17:08:138 | 702380 | 28.7945 124 E
37 329055 | sn6m2 | 1648157 | 704186 | 28.6098 136 E
38 329811 6/502 | 08:43:468 | 704131 | 28.8663 125 E
39 330379 | en292 | 1625382 | 704218 | 28.7098 1.26 E
47 335230 8692 | 11:05349 | 704178 | 29.1547 122 E
50 33571 | sn3m2 | 16:29:484 | 704740 | 288246 1.49 E
52 337289 | 8n8m2 | 1442258 | 704789 | 28.8898 1.67 E
54 338500 | 9nom2 | 15:25:56.1 | 704562 | 29.1170 116 E
57 340667 | 10292 | 15:48:266 | 704812 | 28.8109 1.34 E
21




Table 8: Sorted events for area 3

Event # IMS orid Origin time IMS lat. IMS lon. IMS ml Group

ﬁ 10/6/92 14:47:47.9 70.4692 28.8481 152 fl:'.
60 341890 10/2192 13:22:10.6 70.5623 29.0132 155 E
61 342365 10/23/92 14:57:03.0 70.4605 29.2049 1.53 E
63 342818 11/5/92 13:32:48.7 70.4101 29.1565 150 E
64 342819 11/5/92 13:51:154 70.2880 28.8026 1.36 E
65 343589 11/1782 10:23:25.2 70.4144 29.1546 132 E
66 344171 1172392 15:09:10.3 70.3836 28.7808 148 E

Remarks:

- Five reference events are necessary to represent the different kinds of signals
coming from this area.
- The area covered by the IMS event locations is about 50 x 50 km southeast of the

mine.

- None of the sorted events was reported in the Helsinki bulletin.

- The reference event for group F is also the only event in that group from the data
set. A study using all events available in the IMS2 database for this area without
magnitude restrictions showed that several events with local magnitude lower than
0.7 were located further away from the array than the events from the Varanger
mine. The reference event shows a particularly large local magnitude (2.26) with
respect to the other events.
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Mine and event locations:
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Figure 4:  Mine and IMS event locations for area 3.
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Latitude: 68 - T0°N

Longitude: 12 - 18°E

Local magnitude range: -

Number of events in IMS2: 26

Number of events within the magnitude range: 26
Number of processed events: 20

Freauency range used to process the data: 5 - 16 Hz
Processed signal length: 9s. before P, 84s. after P
Number of reference events: None

Reported mine locations:

Table 9: Mine locations for area 4

Label Latitude °N Longitude °E Origin
JOG50 68.05 16.02 DMA
JOGS51 68.47 16.05 DMA

Number of events found in the Helsinki bulletin: 2
Table 10: Events found in the Helsinki bulletin for area 4

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab - | Group
| ————— e — |
8 315274 172192 03:12:39.9 198 69.28 16.85 PE. -
13 336716 8/14/92 04:57:21.2 249 68.21 12.62 PE. -
Remarks:

- Most of these events have too low signal-to-noise ratios to be reliably Sorted. No
groups can be clearly defined despite some similarities between events.

- The two eveants listed in the Helsinki bulletin have dissimilar waveforms but a
high value of cross-correlation between envelopes (0.79).

- As shown on the map (Figure 5), these events are on average, separated by sev-
eral tens of kilometers. The closest event to the mines is located 20 km away from
JOGS50, and 26 km away from JOGS51. The next closest event is about 50 km away
from both mines.
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Mine and event locations:

Figure 5: Mine and IMS event locations for area 4.




Latitude: 68 - T0°N
Longitude: 18 - 22°E
Local magnitude range: > 1.0

Reported mine locations: None

Number of events in IMS2: 488

Number of events within the magnitude range: 84
Number of processed events: 77

Number of events found in the Helsinki bulletin: None
Frequency range used to process the data: 2 - 16 Hz
Processed signal length: 6s. before P, 56s. after P.

Number of reference events:11

Table 11: Reference events for area 5

Event # IMS orid IMS arid IMS wﬁd Threshold Group
38 330571 1285342 2004577 097 A
8 15563 713115 509231 0.78 B
13 19809 754429 700376 0.81 C
21 28713 830250 949520 0.85 D
4 332265 1325099 2233138 0.81 E
63 341863 1482088 2779770 0.85 F
36 327541 1272339 2038056 0.80 G
15 22541 786887 777930 0.78 H
47 333552 1354925 2297137 0.80 I
27 35075 894218 1128149 0.79
9 16814 727497 554224 093 K
Events with the most reliable classification:
Table 12: Sorted events for area 5
Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
38 | 330571 | spamz | 1448366 | 97824 | 219570 202 A
74 345521 12/1492 | 06:52:14.6 | 69.8267 21.9523 1.50 A
8 15563 3/2291 | 13:58:07.2 | 69.0184 18.4473 117 B
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Table 12: Sorted events for area 5

:

Event # IMS orid IMS origin time IMS lat IMS loa IMS ml Group
20 27865 6/2181 12:43:56.1 69.2248 20.0066 1.13 B
22 29057 7/581 13:04:06.2 69.0436 19.2764 1.06 B
23 29386 7/1081 16:38:21.5 69.2672 18.7694 121 B
13 19809 41251 08:06:51.0 68.0708 19.6921 1.09 C
32 322867 314592 23:32:569 68.0127 21.0828 1.16 C
21 28713 77291 13:44:154 68.9479 18.8104 1.03 D
4 31457 7/2381 16:04:12.9 68.9784 18.7691 1.07 D
2 33 11/2390 23:33:04.3 68.0097 19.8211 138 E
4 314230 12/13/90 23:31:45.1 68.0664 21.4866 1.10 E
5 6911 12/29/90 23:37:00.3 68.0237 21.4833 1.09 E
12 19883 4/2391 11:56:22.5 68.2348 20.2758 1.09 E
25 32058 712581 22:34:05.2 68.0414 20.7979 1.09 E
37 327928 51582 11:25:08.2 68.1048 21.1030 1.4 E
43 331849 6/28/92 22:33:09.3 68.0099 20.9676 1.00 E
44 332265 72/92 22:35:16.6 68.1002 21,5758 122 E
49 335966 8/15/82 22:37:26.2 68.0005 21.1932 1.20 E
41 333000 6124192 17:22:24.1 68.9170 18.4585 1.09 F
42 331727 6/26/92 17:24:16.0 68.9884 18.9885 1.07 F
53 337822 9/392 18:45:35.3 68.8783 18.8007 1.03 F
54 338319 9982 16:42:55.2 68.9341 18.8506 1.04 F
55 339467 92152 17:39:06.5 68.9612 18.7617 101 F
56 340397 9/29/92 16:15:42.9 68.8711 18.5368 1.12 F
57 340604 10/1/92 16:37:57.5 68.8890 18.4979 127 F
58 340868 10/6/92 12:13:45.6 68.7216 18.6367 1.07 F
61 341440 10/15/92 16:25:01.8 68.8841 18.7246 1.12 F
62 341477 10/16/92 10:59:42.7 68.8597 18.3946 1.27 F
63 341863 10/22/92 15:58:26.6 69.1203 18.7281 1.19 F
64 342163 10/23/92 11:38:54.7 68.8439 18.5075 1.06 F
65 342244 10/26/92 17:22:23.8 679514 18.6261 132 F
66 342347 10/28/92 16:34:19.6 68.9019 18.5917 1.08 F
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Table 12: Sorted events for area 5

Event# | IMS orid IMS oﬁi ume .! I}v_i'SEt | IMS lon _Ifrls ml Y! “. Group
67 342421 | 102992 | i7:11:116 | 69.4350 | 19.0822 1.08 F
69 342849 1UBR2 | 17:15:300 | 687969 | 10.5595 12 ; F
70 342753 /492 | 1422357 | 689155 | 18.7836 132 T F
71 344862 | 2692 | 1215232 | 688727 | 184979 115 | F
) 34546 | npim2 | 173036 | 688075 | 18517 120 | F
36 327541 5mp2 | 22:34:09.6 | 68.0200 | 21.7613 120 6
77 346587 | 1272792 | 23:33:198 | 68.0535 | 21.8726 111 G
7 13766 31191 | 16:26:18.8 | 69.6598 | 20.6200 1.06 H
15 22541 snept | 19:22:199 | 69718 | 21.3908 1.09 H
19 21317 672601 | 21:46334 | €.6323 | 20.6200 111 H
6 8484 12391 | 06:52:21.0 | 68.4820 | 21.2664 117 I
46 332535 P2 | 06:03:588 | 69.4330 | 209371 1.56 B
47 333552 | 7162 | 18:35:408 | 69.8253 | 202792 126 1
52 337486 | 83182 | 13:48:53.2 | €9.8816 | 203230 1.06 1
14 21025 5nm | 1602201 | 699819 | 20.4977 i30 |
26 35026 8nsM1 | 1324359 | 9785 | 205957 | 134 | 1
27 35075 81991 | 18:09:107 | 699372 | 205324 139 ]
9 16814 4581 | 11:43:486 | 9.6312 | 18.9392 122 K
N 39890 9n4p1 | 10:52:100 | 69.6494 | 18.9279 111 ] K

Remuirks:

- Several clusters of events can be seen on the map (Figure 6).

- Events from group E (located on the South-East corner of the map) have origin
times that cover several years while events from group F (West on the map) cover
only several months starting in June 1992. Only 9 events were located in this area
between November 1990 and the end of May 1992. From the same area, 29 events
occurred between September and November 1992. Despite the absence of reported
mines, the observations concerning events from group F may be related to an
increase of the mining activity in this area.
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AREA 6
Latitude: 68 - 70°N
Longitude: 22 - 26°E
Local magnitude range: > 0.5
Reported mine locations: None
Number of events in IMS2: 196
Number of events within the magnitude range: 41
Number of processed events: 38
Frequency range used to process the data: 2 - 16 Hz

Processed signal length: 4s. before P, 39s. after P
Number of reference events: 3

Table 13: Reference everts for area 6

Event # IMS orid IMS arid IMS wfid Threshold Group
15 302474 A

1009851 1510948 095
8 36875 903159 1149038 0.83
13 38132 925864 1205117 091 C

Number of events found in the Helsinki bulletin: 5
Table 14: Events found in the Helsinki bulletin for area 6

Event# | IMS orid IMS origin time IMS ml HEL location HEL Iab | Group
5 18004 41391 | 21:18:339 228 69.29 2408 | PE. S
pY} 334923 7892 | 13:51:124 2.13 6839 25.52 EARTH. -
15 302474 12901 | 13:33:40.7 2.05 68.13 23.43 EARTH. A
28 337339 82992 | 09:15:01.8 144 68.0496 | 259575 2 c
29 337544 9192 | 10:15:02.8 1.16 68.0599 | 25.6750 ! c
Events with the most reliable classification:
Table 15: Sorted events for area 6
Event # IMS orid Origin time IMS lat. IMS lon. IMS ml Group
15 302474 12991 13:33:40.7 | 68.160¢ 23.8104 2.05 A
17 302716 12/591 | 04:21:36.0 | 68.2901 23.5691 0.84 A
8 36875 827181 | 08:37:56.1 | 69.2194 22.6876 0.60 B
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Table 15: Sorted events for area 6

Event # IMS orid Origin time IMS Iat. | IMS lon. IMS ml Group

9 | 36910 | s2im1 | ledes9a | eoasm | zatod | o056 |

10 36524 83091 | 133323 | 00765 | 223266 0.68 B
1 37473 83191 | 08:45:015 | 68.00m7 | 25.8726 1.08 C
12 37683 o3m1 | 09:21:021 | es.00ss | 257938 124 c
13 38132 o581 | 08:14:593 | 68.0005 | 259371 132 C
28 337339 | 8n9m2 | 09:15:01.8 | 68.0406 | 259575 144 C
29 337544 onm2 | 1015028 | 680599 | 25.6750 116 C

Remarks:

- Given the scattered locations of these events, the absence of reported mines, and
the identification of two of these events as earthquakes made by the Finnish ana-
lysts, all these events are more likely to be earthquakes.
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IMS event locations for area 6.

Mine and event locations:

Figure 7:







Latitude: 68 - 70°N

Longitude:
Local magnitude range: > 0.5
Number of events in IMS2: 113

26 - 30°E

AREA 7

Number of events within the magnitude range: 36

Number of processed events: 31

Frequency range used to process the data: 1 - 16 Hz
Processed signal length: 5s. before P, 45s. after P

Number of reference events: 3

Table 16: Reference events for area 7

Event # IMS orid IMS arid IMS wfid Threshold Group
13 301570 1006637 1421320 0.82 A
30 344716 1522802 2870538 0.77 B
4 8747 595924 1371904 0.81 ¢
Reported mine locations:
Table 17: Mine locations for area 7
Label Latitude °N Longitude °E Origin
HFT 69.6 299 old_HELS
HN1 69.6 299 HELS
Number of events found in the Helsinki bulletin: 4
Table 18: Events found in the Helsinki bulletin for area 7
Event# | IMS orid IMS origin time IMS ml HEL location HEL 1ab | Group
2 314336 121990 | 12:34:54.2 1.96 HK3 EXP -
10 300059 10291 | 08:22:19.4 1.97 HN1 EXP. A
13 301570 111981 | 08:24:14.3 1.84 HN1 EXP. A
21 [ 335581 81192 | 11:25:182 1.82 HN1 EXP. B
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Events with the most reliable classification:

Table 19: Sorted events for area 7

Event # IMS orid Origin time IMS lat. | IMS lon. ‘ IMS ml! Group

W 10/291 08:22:19.4 69.5383 22,9079 197 A
13 301570 1171991 08:24:14.3 69.6760 29.9374 1.84 A
20 33197 6/30/92 06:50:41.5 69.5529 29.8912 1.82 A
22 336142 8/18/92 10:32:59.4 69.3202 299474 1.711 A
25 340933 10/1/92 12:33:57.6 69.5906 29.7712 1.86 A
19 331868 6/29/92 06:56:28.2 69.5603 29.9880 212 B
21 335581 8/1192 11:25:18.2 69.5724 28.6357 1.82 B
4 340366 9/29/92 08:07:47.8 69.6056 28.6017 141 B
30 344716 12,192 11:13:08.7 69.5941 28.9453 212 B
31 346728 12/30/92 08:36:54.1 69.5365 29.9416 1.86 B
4 8747 172491 12:19:31.0 69.8293 29.5233 0.52 C
7 20083 43091 11:23:19.2 69.7730 29.2183 0.52 C
27 342389 10/29/92 09:09:41.7 69.1538 29.9561 0.88 C

Remarks:

- Only half of the processed events were reliably associated with one of the three
groups. The other half consists of a few multiple events, and of events having dis-

similar waveforms.
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Latitude: 68 - 69°N
Longitude: 30 - 32°E
Local magnitude range: 0.5

Reported mine locations: None
Number of events in IMS2: 83

AREA 8

Number of events within the magnitude range: 56
Number of processed events: 51
Frequency range used to process the data: 3 - 16 Hz
Processed signal length: 8s. before P, 73s. after P

Number of reference events: 5

Table 20: Reference events for area 8

Event # IMS orid IMS arid IMS wfid Threshold Group
43 336069 1391753 2476339 0.79 A
35 331799 1323580 2212231 0.80 B
7 16175 727263 540296 0.84 C
46 340138 1448044 2716134 0.79 D
25 314771 1178241 1686210 0.79 E
Number of events found in the Helsinki bulletin: 2
Table 21: Events found in the Helsinki bulletin for area 8
Event# | IMS orid IMS origin time IMS ml HEL location HEL label | Group
27 324417 | 41092 | 10:08:25.2 1.40 HK1 EXP A
35 331799 62892 | 05:23:543 1.50 HK4 EXP B
Events with the most reliable classification:
Table 22: Sorted events for area 8
Event # IMS orid Origin time IMS lat IMS lon IMS ml Group
R 313001 112892 | 09:21:303 | 68.0797 31.7076 1.29 A
27 324417 41092 | 10:08:25.2 | 68.2027 30.9844 1.40 A
28 324802 4nsp2 | 11:11:19.7 | 68.3303 31.1243 1.08 A
30 327073 5/6/92 06:36:47.5 | 68.0227 31.9220 0.96 A




Table 22: Sorted events for area 8

Event # IMS orid Origin time IMS lat IMS lon IMS ml Group
31 328976 | Smep2 | 0655122 | 81506 | 31w | 120 A |
32 329199 528192 (»‘10:13:06.1 68.0118 31.6730 1.09 A
37 332429 715/92 10:21:57.9 68.0508 31.9934 2.02 A
38 332856 711092 09:36:04.6 68.0340 31.6952 130 A
40 334020 7/22]2 00:39:36.2 68.2655 31.7353 0.79 A
43 336069 8/17/92 11:07:34.4 68.2146 31.2141 130 A
45 340137 9/25/92 10:36:25.8 68.1068 31.0948 084 A
49 343680 1171892 11:50:50.8 68.0527 30.8637 0.62 A
35 331799 6/28/92 05:23:54.3 68.2131 31.6495 150 B
39 333127 mnap2 12:55:54.5 68.0445 31.8342 130 B
47 340652 10/2/92 12:35:50.1 68.0238 31.8404 1.69 B
7 16175 4/451 12:20:23.4 68.9245 31.5459 0.75 C
8 16183 4/4P91 14:08:30.3 68.8594 31.4075 .59 C
9 16249 4/5/91 11:31:22.2 68.8563 31.8483 0.68 C
4 14133 3/1881 04:12:39.4 68.0812 31.2102 0.56 D
5 15094 312091 09:14:55.5 68.6318 31.9570 0.57 D ‘
6 16645 32991 10:35:00.7 68.6094 31.9555 0.72 D
10 16832 4/5/81 12:17:50.5 68.7257 31.6449 1.63 D
12 20053 4/26/91 14:08:47.5 68.8130 31.9610 0.65 D
16 30794 7/22/91 12:05:103 68.8158 30.9257 094 D
18 36579 8/28/91 04:19:49.0 68.8529 31.8363 0.86 D
34 324826 6/5/92 10:52:18.9 68.0912 30.5013 1.22 D
36 332163 7/2/92 07:03:05.3 68.9766 31.9547 0.76 D
41 334757 73192 03:24:43.1 68.9833 31.6997 0.78 D
46 340138 9/2592 10:43:43.4 68.8111 31.4930 1.1 D
48 342156 10/23/92 11:06:13.3 68.0369 31.7259 1.80 D
50 344712 12/192 10:31:03.6 68.9996 30.7156 097 D
3 9043 1/25/91 23:44:17.4 68.9273 30.3477 0.54 E
21 302085 113091 13:54:48.1 68.9108 30.0423 0.70 E
22 302630 127191 13:15:10.4 68.9549 30.1336 0.56 E
40
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Table 22: Sorted events for area 8

Event # ' IMS orid Origin time IMS lat IMS lon IMS ml Group
25 34 | 2em2 | 20:25:007 WTD‘IM—-TF__E:ﬁ
26 323020 33092 | 17:57:358 | 68.9439 30.2489 055 E
33 329784 6/4/92 13:11:2214 | 68.9879 30.1577 1.04 E
42 335086 8/492 13:21:59.9 | 68.8455 30.1376 0.51 E
Remarks:

- Two clusters of events can be seen on the location map (Figurc 9). They consist
of events from groups A and B for the southernmost cluster and of events from

groups C, D and E for the niorthern cluster,

- The closest mines HK3, HK4, HK7 and HK 11 are located in areas 11,9, 19 and
10 respectively at distances of about 50 km from the closest events.
- The events reported in the Helsinki bulletin have locations further east than the
IMS locations. If the Helsinki locations are more accurate, there is an important
bias in the IMS locations.
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AREA 9

Latitude: 68 - 6. “'N

Longitude: 32 - 34°C

Local magnitude range: >2.0

Number of events in IMS2: 230

Number of evenis within the magnitude range: 77
Number of processed events: 66

Frequency range used to process the data: 2 - 16 Hz
Processed signal length: 8s. before P, 68s. after P
Number of reference events: 6

Table 23: Reference events for area 9

.

Event # IMS orid IMS arid IMS wfid Threshold
13 20330 = 760536 735033 0.80 A
1 3014 518988 1350700 0.82 B
2 30603 848238 985523 0.8 C
29 302119 1008024 1451950 0.78 D
44 325195 1234330 1963734 0.82 E
48 333501 1354768 2295313 0.83 F
4 '
Reported mine locations:
Table 24: Mine locations for area 9
' Label Latitude °N | Longitude °E Origin
— sp3 | eol | a2 "~ sPaT |
: l sD38 68.082 33219 SPOT
HD6 68.1 33.2 old_HELS
l L) Gl 68.112 32986 SPOT
SD35 68.120 33.400 SPOT
' SD36 68.133 33.162 SPOT
JOGS8 68.15 33.25 JOG
' HK4 68.16 33.18 HELS
JOG59 68.25 33.27 JOG
0
i
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Table 24: Mine locations for area 9

Label Latitude °N Longitude °E Origin
SD34 68.251 33.267 SPOT

SD33

68.268

33.403

SPOT

Number of events found in the Helsinki bulletin: 51

Table 25: Events four-,

% the Helsinki bulletin for area 9

Event# | IMS orid IMS origin tuns IMS ml HEL location HEL lab | Group
15 2219 | Suse1 | 1s7409 | 217 HD6 | EXP _—
16 2439 | spsm | o198 | 213 HD6 EXP .

17 2306 | sesm | mor3o7 | 215 HD6 EXP ]

2 8102 12490 | 132462 | 213 HD6 EXP .
20 26913 | &2/ | 1201372 | 223 HK4 EXP -
32 303116 | 1272881 | 13:02273 | 207 HK4 EXP ]

7 6017 1581 | 1120034 | 225 HD6 EXP .

9 8742 vam | 14247 | 213 HD6 EXP A
13 20330 | 4p091 | 1209014 | 214 | esm | 3253 ] A
34 303517 | 1226m | nsssr2 | 219 HK4 EXP A -
42 324420 | 4nom2 | 1009183 | 203 HK4 EXP A
54 335830 | 8142 | 10:25:509 | 220 HK4 EXP A

1 3014 1/690 | 12:18:206 | 249 HD6 EXP B
12 19005 | ansm | 12:59.050 | 231 HD6 EXP B
35 303579 | 1142 | 10:58:001 | 223 HK4 EXP B

5 100s3 | np9mo | 12:59:561 | 229 HD6 EXP C
14 22302 sAM1 | 12:01357 | 206 HD6 EXP C
19 24940 6nm | 118002 | 212 HKS EXP C
2 30603 mem | 11:30240 | 209 HK4 EXP C
3 302724 | 125M | 1013000 | 227 HK4 EXP c
33 303576 | 1226M1 | 131381 | 2.50 HK4 EXP C
43 325000 | 4nim2 | 1001097 | 223 HK4 EXP c
46 330598 | 6/692 | 0845512 | 232 HK4 EXP C
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Table 25: Events found in the Helsinki bulletin for area 9

Event # IMS orid IMS origin time IMS ml HEL location HEL lab
49 333608 mim 16:14:50.7 219 C
24 35865 8/22/91 11:33:17.8 201 HK4 EXP D
28 301636 11/14/91 12:52:213 203 HK4 EXP D
29 302119 11/23/91 10:55:56.5 229 HK4 EXP D
53 335815 8/14/92 08:03:37.5 2.4 HK4 EXP D
55 337855 9/4/92 10:16:14.8 2.03 HK4 EXP D
5 5212 12/22/90 11:28:03.1 227 68.12 3259 - E
8 316768 1/1091 12:25:03.0 220 HD6 EXP E
11 16659 3/2991 11:57:16.1 202 HD6 EXP E
18 24939 6/191 11:01:08.1 2,06 HK4 EXP E
21 29261 7/6891 11:22:13.9 2.11 HK4 EXP E
23 3 772091 11:31:31.2 209 HK4 EXP E
25 36498 82491 11:27:31.6 214 HK4 EXP E
26 300758 10/25/91 12:01:41.6 2.20 HK4 EXP E
27 301391 11/6/91 12:50:02.5 240 HK4 EXP E
30 302511 127191 11:01:54.2 223 HK4 EXP E
36 315459 2192 09:47:034 2.00 HK4 EXP E
38 316273 2/20/92 09:17:594 210 HK4 EXP E
40 320032 3982 09:19:30.6 203 HK4 EXP E
41 321680 32192 11:06:43.1 2.01 HK4 EXP E
4 325195 4/18/92 09:56:45.1 207 HK4 EXP E
45 326368 4129192 08:55:17.8 2,06 HK4 EXP E
47 330602 6/6/92 10:16:43.9 2.36 HK4 EXP E
50 334325 1125192 09:52:01.7 2.09 HK4 EXP E
51 334859 8/192 10:10:35.6 2.13 HK4 EXP E
56 338669 9/10/92 10:27:23.4 2.11 HK4 EXP E
57 338626 9/112/92 10:51:49.0 2.07 HK4 EXP E
10 10130 2/181 11:07:47.3 2.16 HDé6 EXP F
48 333501 7/16/92 10:19:18.4 2.12 68.09 33.09 - F
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Events with the most reliable classification:

Table 26: Sorted events for area 9

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
9 Sz | 1B | 1LaTae7 | esals | s2ees4 | 2> | A
13 20330 473091 12:09:01.4 68.1934 32.6467 2,14 A
34 303577 12/26/91 11:33:572 68.0013 32.5579 2.19 A
37 314556 12/27/90 11:31:054 | ~ 68.3407 33.2841 2.05 A
42 324420 4/1082 10:09:18.3 68.0041 32.6148 2.03 A
54 335830 8/14/92 10:25:50.9 68.1056 32.9570 220 A
1 3014 11/6/90 12:18:20.6 68.0934 32.5025 249 B
12 19005 4/1891 12:59:05.0 68.0319 32.9389 231 B
35 303579 1/1492 10:58:04.1 68.0248 32.4510 223 B
5 10053 11/29/90 12:59:56.1 68.1241 32.7919 229 C
14 22302 5/8/91 12:01:35.7 68.3248 32.0255 206 C
19 24940 6/191 11:18:00.2 68.0251 32.9923 212 C
22 30603 7/16P1 11:30:24.0 68.2394 32.7902 209 C
31 302724 12/581 10:13:00.0 68.1593 33.0261 227 C
33 303576 1272691 11:31:38.1 68.0206 32.5903 2.50 C
43 325090 41792 10:01:19.7 68.0334 32.6147 223 C
46 330598 6/6/92 08:45:51.3 68.1338 33.1541 232 C
49 333608 71782 10:14:50.7 68.0545 32.1319 2.19 C
52 335227 8/692 10:17:50.8 68.1278 32.4300 242 C
61 344775 12292 11:08:26.8 68.0763 32.9638 218 C
24 35865 8/2291 11:33:17.8 68.0487 32.8397 2.01 D
28 301636 11/1491 12:52:21.3 68.0380 33.2435 203 D
29 302119 11/23/91 10:55:56.5 68.0542 325747 229 D
53 335815 8/1492 08:03:37.5 68.1547 33.2265 244 D
55 337855 9/492 10:16:14.8 68.0691 324737 203 D
58 340651 107292 12:40:37.6 68.2149 327737 205 D
62 344962 12/3/92 10:25:339 68.1559 32.5389 247 D
64 146218 12/18/92 12:09:51.8 68.1122 33.1321 2.62 D
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Table 26: Sorted events for area 9

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
6 5212 lm3 32.7561 ﬁ
8 316768 171091 12:25:03.0 68.0855 324765 220 E
11 16659 372991 11:57:16.1 68.0427 32.4041 2.02 E
18 24939 6/191 11:01:08.1 68.0190 32.5212 2.06 E
21 29261 7/6/91 11:22:13.9 68.1005 32.3338 2.11 E
23 31179 712091 11:31:312 68.1587 32.8559 209 E
25 36498 8/24/91 11:27:31.6 68.0488 32.6091 214 E
26 300758 10/25/91 12:01:41.6 68.0285 32.8665 220 B
27 301391 11/6/91 12:50:02.5 68.1162 33.17117 2.40 E
30 302511 127151 11:01:54.2 68.0577 32.7845 223 E
36 315459 211192 09:47.:03.4 68.1287 329233 2.00 E
38 316273 2/20/92 09:17:59.4 68.1401 32.9917 2.10 E
39 321572 3392 11:11:36.9 68.1202 33.0678 21 E
40 320032 3/9/92 09:19:30.6 68.0134 33.2149 2.03 E
41 321680 32192 11:06:43.1 68.0302 33.5280 201 E
44 325195 4/18/92 09:56:45.1 68.0499 33.4924 2.07 E
45 326368 412992 08:55:17.8 68.0831 32.7108 2.06 E
47 330602 6/6/92 10:16:43.9 68.1529 33.2488 236 E
50 334325 7125092 09:52:01.7 68.1250 33.4559 2.09 E
51 334859 8/192 10:10:35.6 68.0062 33.1945 213 E
56 338669 9/10/92 10:27:23.4 68.0505 32.9486 211 E
57 338626 9/12/92 10:51:49.0 68.0567 33.1630 2.07 E
59 341707 10/17/92 11:02:29.9 68.1366 33.0420 223 E
60 342801 11/5/92 11:29:33.1 68.0090 32.9639 243 E
63 345203 12/1192 10:53:27.1 68.0842 32.9936 242 E
10 10130 2/1/1 11:07:47.3 68.1833 33.0490 2.16 F
48 333501 716192 10:19:18.4 68.0304 32.7308 2.12 F
65 346171 12723192 10:43:39.2 68.1142 35.0272 248 F
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Remarks:
- Figure 10 shows that the IMS event locations are systematically located too close
the to ARCESS array with respect to the mine locations shown on the map.

Mine and event locations:
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Figure 10: Mine and IMS event locations for area 9.
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Latitude: 68.5 - 69°N
Longitude: 32 - 34°E

Local magnitude range: > 1.0
Number of events in IMS2: 129

AREA 10

Number of events within the magnitude range: 77

Number of processed events: 69
- Frequency range used to prucess the data: 3 - 16 Hz

Processed signal length: Ts. before P, 61s. after P

Number of reference events: 11

Table 27: Reference events for area 10

Event # IMS orid IMS arid IMS wfid Threshold Group
40 300626 1003170 1344257 0.83 A
11 16067 720258 543398 0.84 B
42 312825 1030299 1595182 0.89 C
29 30828 849023 992066 0.90 D
60 331691 1323165 2206447 091 E
8 14379 704395 483826 0.85 F
3 7015 566251 1365163 0.84 ‘G
35 36093 897783 1141049 0.84 H
33 34142 879848 1097771 0.86 I
38 41745 ;6660 1284134 0.83
68 345142 1527877 2882856 0.88 K

Reported mine locations:

Table 28: Mine locations for area 10

Label Latitude °N Longitude °E Origin
ﬁ 68.69 B JOG
SD32 68.700 33.125 SPOT
D31 68.791 33.146 SPOT
SD30 68.792 33.133 SPOT
HDS 68.8 330 old_HELS
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Table 28. Mine locations for area 10

Label Latitude °N | Longitude °E Origin
JOG64 68.87 33.02 JOG

HK11 68.87 33.03 HELS
SD29 68.872 33.025 SPOT
JOG6S 68.93 33.08 JOG

SD28 68.930 33.096 SPOT
sD27 68.943 32.965 SPOT
SD26 68.997 32.871 SPOT
SD25 68.999 32910 SPOT

Number of events found in the Helsinki bulletin: 6
Table 29: Events found in the Helsinki bulletin for area 10

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group
30 31063 M99t | 14:09:20.1 1.28 HK6 EXP o
40 300626 102991 | 15:27:02.1 159 HK11 EXP A
11 16067 32991 | 04:00:092 | 132 HD7 EXP B
60 331691 612692 | 10:39:58.7 | 139 HK11 EXP E. -
38 41745 92791 | 03:59:254 | 139 6932 33.14 - )
7 10106 2191 | 09:56:59.2 | 1.85 HD7 EXP K
Events with the most reliable classification:
Table 30: Sorted events for area 10
Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
2 | 314126 | 121290 | 125216 | e&ms | 329z 138 | A
12 17463 4/9/1 14:26:11.8 | 68.5887 32.4897 152 A
34 34690 8/8M1 15:50:053 | 68.6584 32.4886 152 A
B 40 300626 1012991 | 15:27:02.1 | 68.6345 33.1451 1.59 A
49 321702 3/6/92 14:59:33.4 | 68.5324 32.6953 133 A
54 323552 37192 | 15:00:04.3 | 68.6074 32.5914 147 A
1 8307 112680 | 12:49:26.1 | 68.7582 32.2233 1.22 B
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Table 30: Sorted events for area 10

Event # IMS orid IMS origin time IMS lat IMS Ion IMS ml Group
~ 5 | ®5 | 1me | nosse | sre WT%
11 16067 32901 | 04:00:09.2 | 689605 | 32.5207 132 B
13 17831 an2m1 | 04:00:09.1 | 689041 | 32.2265 121 B
15 19757 an5p1 | 0357241 | 68.8918 | 32.49% 127 B
27 28216 1381 | 03:58:209 | 688507 | 324183 134 B
46 315585 24 | 11:27:083 | 687665 | 32.4565 142 B
50 320047 392 | 1335089 | 689313 | 32.8643 151 B
57 326472 | 492 | 03:11:348 | 689602 | 32.5605 1.17 B
9 14917 3190 | 11:55:112 | 689924 | 323357 1.19 c
) 312825 | 122791 | 11:10:59.6 | 68.8949 | 32.5424 122 c
56 325642 ap2 | 14:21:505 | esom | 326140 120 c
19 2737 5n4P1 | 03:59:31.4 | 68.8652 | 32.3025 1.13 D
25 27652 6n8P1 | 03:5516.5 | 68.8607 | 32.4419 1.04 D
29 30828 NP1 | 03:59:469 | 688617 | 327175 1.40 D
36 38246 91091 | 04:06:212 | 68.8700 | 32.2555 133 D
4 311924 1992 | 1547571 | 68.5647 | 323529 133 D
45 313648 12802 | 12:33:14.6 | 689137 | 323189 134 D
64 339495 92292 | 03:11:44.0 | 687818 | 322639 123 D
51 320316 312 | 1201116 | 68.7842 | 32.4499 126 E
59 325573 42302 | 11:58:539 | 688192 | 323994 141 E
60 331691 6692 | 10:39:58.7 | 68.8217 | 323637 139 E
66 342803 /592 | 11:25:436 | 68.7747 | 32.5809 122 E
6 10033 18191 | 12:48:42.8 | 68.7419 | 323017 145 F
8 14379 N3/ | 12:26:47.1 | 68.6820 | 325310 142 F
16 19845 4n25P1 | 12:36:03.6 | 68.8367 | 32.5387 1.09 F
28 28953 741 | 12:29:352 | 689393 | 32.6537 1.09 F
3 7015 1272890 | 09:58:29.5 | 68.8679 | 327613 1.54 G
4 11189 11801 | 10:01:12.4 | 68.6815 | 333106 1.54 G
39 41760 927181 | 10:00:23.2 | 688250 | 327691 1.49 G
41 303197 | 1272091 | 11:39:104 | 68.8814 | 32.6514 142 G
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Table 30: Sorted events for area 10

Event # IMS orid IMS origin time IMS lat IMS loa IMS mi Group
14 17744 41681 | 0407:150 | esona | 323066 | 108 | H |
32 34085 8791 | 04:00:193 | 685754 | 32.5251 114 H
35 36093 82391 | 0403217 | €8.5925 | 32.6554 141 H
2% 25880 619 | 1218194 | 6814 | 325562 1.05 I
13 34142 8791 | 1233:393 | 688111 | 324831 135 I
63 337950 | 872692 | 10:41:469 | 68.6490 | 32.4015 124 I
65 341410 | 101592 | 11:42:574 | e85t | 32457 107 I
10 15436 32201 | 0%59:15.7 | 688590 | 32.4801 115 ¥
21 23026 5n191 | 04:00:434 | 687350 | 32.5636 149 ¥
22 24781 5p1®1 | 03:55:272 | 689694 | 32.6038 128 J
2 25810 6191 | 03:57:446 | 638822 | 32.0490 1.08 j
38 41745 92191 | 0359254 | 689312 | 32.6721 139 J
4 315692 w42 | 13:06:409 | 689545 | 322187 128 J
52 324153 | 32592 | 1436587 | 687387 | 323526 128 ¥
58 325377 | 42182 | 1141014 | 688199 | 32.2844 124 ¥
7 10106 2P | 09:56:592 | 687802 | 32.8438 185 K
2 27547 62891 | 09:58:229 | 689607 | 32.6514 149 K
37 40640 9n0mi | o520 | agerns | 3n.30m ) K
48 32150 | ez 2 T e ,.{“_.T_‘ I
53 32355 | 327192 | 09:57:57.4 | 687585 | 32.4849 1.50 K
55 325135 | 38192 | 09:09:990 | 68.8690 | 326641 146 K
67 342567 | 112002 | 09:58347 | 689689 | 32.1329 119 X
68 345142 | 12892 | 10:05:54.0 | 68.8444 | 33.8826 1.70 K
69 346644 | 12729M2 | 09:59:422 | 689428 | 32.5805 158 K

Remarks:

- Figure 11 shows that the IMS event locations are systematically located too close
to the ARCESS array with respect to the mine locations shown on the map.
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Mine and event locations:
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Figure 11:  Mine and IMS event locations for area 10.
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AREA 11

Latitude: 69 - T0°N

Longitude: 30 - 31°E

Local magnitude range: > 2.0

Number of events in IMS2: 1091

Number of events within the magnitude range: 167
Number of processed events: 126 :
Frequency range used to process the daia: 1 - 16 Hz
Processed signal length: 6s. before P, 51s. after P
Number of reference events: 6

Table 31: Reference events for area 11

Event # IMS orid IMS arid IMS wfid Threshold Group
125 — 347014 1558405 2888858 0.76 A
40 34154 880033 1098200 0.77 B
18 12932 621250 1376344 0.67 c
83 325993 1230655 1907025 0.81 D
41 35098 883272 1124174 0.8 E
97 331516 1320180 2198758 0.78 F
Reported mine locations:

Table 32: Mine lccations for area 11

Label Latitude °N | Longitude °E Origin
— == = ———— == —

SD4 69.329 30.019 SPOT
sD2 69.367 30.093 SPOT
SD3 69.368 30.134 SPOT

JOG67 69.39 30.33 JOG
SD7 69.398 30.614 SPOT
HD2 69.40 30.80 old_HELS
HK3 69.40 30.80 HELS
SD§ 69.401 30.847 SPOT
SD9 69.409 30.953 SPOT

JOG66 69.42 30.28 JOG
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Table 32: Mine locations for area 11

Label Latitude °N | Longitude °E Origin
oo ~ 942 | 3080 NORW
SD6 69.432 30.527 SPOT
SD5 69.435 30.531 SPOT
sD1 69.597 30,049 SPOT
N4 69.65189 30,02533 NORW

Number of events found in the Helsinki bulletin: 101

Table 33: Events found in the Helsinki bulletin for area 11

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group
80 | 321808 | 3p0m2 | 1259426 | 233 "HK3 | EXp :
11 7120 12/28/90 12:37:29.2 2.57 HK3 EXP A
25 20047 4/26/91 12:39:06.4 2.20 HK3 EXP A
60 303237 122181 13:18:06.7 2.05 HK3 EXP A
14 9389 1/2991 12:43:08.7 2.26 HN1 EXP B
32 26119 6/1291 07:13:03.1 2.05 HN1 EXP B
40 34154 87181 14:25:23.8 2.26 HN1 EXF B .
56 301510 11/1891 | 08:29:32.5 2.04 HN1 EXP B
17 12931 2/6M1 12:31:43.7 278 HK3 EXP C
18 12932 2/691 12:31:59.0 2.84 HK3 EXP C
37 32939 73191 12:44:07.2 220 HK3 EXP C
100 332889 7/10/92 11:34:29.1 2.16 HK3 EXP C
106 336573 8/2192 11:13:52.5 2271 HK3 EXP C
108 337866 9/4/92 11:28:17.8 2.69 HK3 EXP C
111 340165 9/25/92 12:11:26.2 244 HK3 EXP C
3 4979 11/13/90 12:01:14.6 2.02 HN1 EXP D
7 300017 12/150 10:37:32.2 2.16 HN1 EXP D
19 13486 37181 11:57:42.1 2.63 HN1 EXP D
28 21152 5291 07:27:28.4 229 HN1 EXP D
43 34674 8/1391 06:57:53.6 2.26 69.63 30.19 - D
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Table 33: Events found in the Helsinki bulletin for area 11

e e OS] T | JEL O

ey

75 321605 Bp2 23:00:49.3 222 HN1 EXP D
78 322300 3/1382 08:14:15.2 2.00 HN1 EXP D
83 325993 4/6/92 07:21:30.4 2.25 HK3 EXP D
41 35098 8981 12:52:23.4 2.56 HK3 EXP E
4 5887 11716539 12:32:16.1 2.18 HK3 EXP F
5 5888 11/16/50 12:33:314 3.03 HK3 EXP F
6 9501 11/28/90 12:30:03.0 248 HK3 EXP F
8 313956 127190 12:52:18.0 229 HK3 EXP F
9 4357 12/19/30 12:36:18.9 225 HK3 EXP F
10 9601 12/2190 12:12:13.7 2.61 HK3 EXP F
12 319822 171191 12:26:05.5 2.64 HK3 EXP F
13 11206 1/18/91 12:45:54.8 240 HK3 EXP F
15 10038 173191 12:55:46.1 245 HK3 EXP F
16 10157 2/1/91 12:50:27.4 2.39 HK3 EXP F
20 15120 372091 12:59:14.5 2.36 HK3 EXP F
21 15119 372091 12:56:47.5 243 HK3 EXP F
22 16662 372991 12:48:24.2 2.2 HK3 EXP F
23 ;6831 | 4/5/1 12:12:42.1 2.32 HK3 EXP F
24 17743 4/1091 12:25:08.5 2.26 HK3 EXP F
26 20049 412691 12:39:52.3 232 HK3 EXP F
27 20449 43091 12:34:46.5 344 HK3 EXP F
29 24872 513181 12:39:13.9 241 HK3 EXP F
30 25681 6/5/91 12:30:59.7 2.28 HK3 EXP F
31 25884 67191 12:46:20.9 2.19 HK3 EXP F
33 29048 7581 12:20:10.9 2.35 HK3 EXP F
34 29049 7/581 12:21:01.0 247 HK3 EXP F
35 30841 71791 12:18:36.7 2.38 HK3 EXP F
36 31701 712491 12:30:58.2 2.36 HK3 EXP F
39 32971 73191 13:30:04.5 2.38 HK3 EXP F
44 35829 82191 12:43:12.3 2.62 HK3 EXP F
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Table 33: Events found in the Helsinki buil={/n {»¢ area 11

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab

45 37564 8/30/91 12:22:24.6 237 EXP

47 38374 9/6/91 14:11:15.0 242 EXP F
48 39500 9/1391 12:25:51.5 2.64 EXP F
49 40446 9/1891 12:30:33.7 2.76 EXP F
50 41779 9/21/1 12:16:16.4 293 EXP F
51 300147 10/291 13:45:28.2 249 EXP F
52 300489 10/18/91 13:04:50.5 2.10 EXP F
53 300783 1072591 13:58:56.4 2.75 EXP F
54 300786 10/25/91 14:02:23.1 249 EXP F
55 301140 11/191 13:15:45.2 2.65 EXP F
57 301995 1172291 14:02:42.1 2.52 EXP F
61 303238 12/2191 13:18:28.6 237 EXP F
62 312845 122791 13:30:08.8 2.63 EXP F
63 312882 1272991 14:04:49.4 2.54 EXP F
64 313708 171792 13:23:56.6 249 EXP F
65 313709 /1792 | 13:226:252 | 2.66 EXP F
66 312843 12/2791 13:29:10.2 2.61 EXP F
67 315362 13192 12:29:55.9 247 EXP F
68 315447 2/6P92 12:21:00.9 2.14 EXP F
69 319425 2/2192 12:50:11.2 2.16 EXP F
70 319426 2/2192 12:51:02.8 2.46 EXP F
)\ 320982 2/28/92 12:45:11.0 2.52 EXP F
72 318098 2/28/92 12:48:20.2 222 EXP F
73 320988 2/2892 12:48:57.1 230 EXP F
74 319359 2/1982 12:25:03.0 2.09 EXP F
76 321681 3/6/92 12:09:46.5 227 EXP F
17 320320 3/11/92 12:47:03.8 213 EXP F
79 321023 3/18/92 12:57:45.3 234 EXP F
84 326510 4/892 11:38:22.0 2.50 EXP F
85 324432 4/10/92 11:29:51.2 2.4 EXP F
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Table 33: Events found in the Helsinki bulletin for area 11

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group
— —— — = ==
86 326482 4/20/92 11:17:11.1 2.13 HK3 EXP F
87 325462 42292 | 11:03:30.7 2.15 HK3 EXP F
7 326393 4/2992 | 11:33:563 234 HK3 EXP F
89 326396 4/29/92 11:37:504 2.03 HK3 EXP F
on 328716 5/22/92 11:28:343 2.20 HK3 EXP F
91 328721 5292 | 11:30:124 2.19 HK3 EXP F
92 329123 512192 11:24:10.8 2.52 HK3 EXP F
93 329664 6392 11:42:25.6 235 HK3 EXP F
94 330611 6/1092 | 11:46:329 21 HK3 EXP F
95 331070 61992 | 11:31:268 2.39 HK3 EXP F
96 331074 6/19/92 11:35:40.4 2.66 HK3 EXP F
97 331516 612492 | 11:33:29.5 2.74 HK3 EXP F
99 333069 7392 11:32:54.2 2.52 HK3 EXP F
101 332890 71092 | 11:35:053 2.40 HK3 EXP F
102 333624 MIP2 | 11:32:03.4 211 HK3 EXP F
103 335324 87192 11:54:39.6 2.12 HK3 EXP F
104 335847 8/1492 | 12:03:574 | 2.41 HK3 EXP F
105 336568 82192 | 11:05:06.6 227 HK3 EXP F
107 336574 82192 | 11:14:26.6 2.49 HK3 EXP F
109 340517 9/23/92 | 11:37:024 2.62 HK3 EXP F
110 340518 92392 | 11:38:199 2.32 HK3 EXP F
Events with the most reliable classification:
Table 34: Sorted events for area 11
Events # IMS orid IMS origin time IMS lat IMS lon IMS mi Group
1 7120 12/2890 | 12:37:29.2 | 69.2538 30.6467 257 A
25° 20047 426/91 12:39:064 | 69.2606 30.7741 220 A
60 303237 1272191 | 13:18:06.7 | 69.3930 30.6859 2.05 A
125* 347014 1273092 | 15:05:25.1 | 69.3397 30.6507 274 A

59




Table 34: Sorted events for area 11

Events# | IMS orid IMS origin time IMS lat IMS lon IMS ml Group
126* 347015 12/30/92 15:05:46.4 69.3380 TT_'—TT A
14 9389 172991 12:43:08.7 69.6587 30.1968 226 B
32 26119 61281 07:13:03.1 69.6107 30.4195 2.05 B
40 34154 871m1 14:25:23.8 69.6221 30.0318 226 B
56 301510 11/1891 08:29:32.5 69.6956 30.3512 204 B
113 341249 10/1392 11:13:28.5 69.5759 30.2395 227 B
17* 12931 2/6P91 12:31:43.7 69.3638 30.6756 278 C
18* 12932 2681 12:31:59.0 69.3691 " 30.4851 284 C
37 32930 731/1 12:44:07.2 69.3469 304185 220 C
38 32929 73191 12:44:13.8 69.1590 30.6436 2.18 C
100* 332889 7/1092 11:34:29.1 69.3322 30.6006 2.16 C
106* 336573 812192 11:13:52.5 69.3479 30.4259 227 C
108* 337866 9/492 11:28:17.8 69.2311 30.3954 269 C
111* 340165 9/25/92 12:11:26.2 69.2701 30.5835 244 C
3 4979 1171350 } '12:01:14.6 69.7388 30.1614 202 D
7 300017 12/180 10:37:32.2 69.5239 30.1929 2.16 D |

19 13486 3/7/91. 11:57:42.1 69.6809 303511 263 D
28 21152 5/291 07:27:284 69.6532 30.3381 229 D
43 34674 8/1391 06:57:53.6 69.5829 30.4252 226 D
75 321605 3352 23:00:49.3 69.6701 30.2861 222 D
78 322300 31392 08:14:15.2 69.5656 30.2532 2.00 D
83 325993 4/6/92 07:21:304 69.6856 30.0971 225 D
1 3020 11/6/90 12:49:22.7 69.6288 30.6558 2.67 E
41* 35098 8991 12:52:234 69.4258 30.9388 256 E
42* 35099 8991 12:52:26.7 69.1910 30.9533 248 E
2 3021 11/6/90 12:49:50.4 69.3806 30.6441 3.04 F
4 5887 11/16/90 12:32:16.1 69.1863 30.5353 2.18 F
5 5888 11/1690 12:33:31.4 69.2823 30.6824 3.03 F
6 9501 11/2890 12:30:03.0 69.2776 30.6470 248 F
8 313956 12/7/90 12:52:18.0 69.3863 30.8271 229 F
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Table 34: Sorted events for area 11

Events# | IMS orid IMS origin time IMS lat IMS lon IMS ml Group
= = —_————— - ——
9 4357 12/19/90 12:36:18.0 69.4311 30.5819 225 F
10 9601 12/21/90 12:12:13.7 69.2421 30.6326 261 F
12 319822 171191 12:26:05.5 69.2688 30.4799 2.64 F
13 11206 171891 12:45:54.8 69.4242 30.4699 240 F
15 10038 13191 12:55:46.1 69.3634 30.9905 245 F
16 10157 2/191 12:50:27.4 69.3242 30.4146 239 F
20 15120 372091 12:59:14.5 69.2116 30.3971 236 F
21 15119 3/2091 12:56:47.5 69.4586 30.5536 243 F
22 16662 372991 12:48:24.2 69.3136 30.7052 222 F
23 16831 4/591 12:12:42.1 69.2123 30.5316 232 F
24 17743 4/1091 12:25:08.5 69.3492 30.7017 226 F
26 20049 4/26/91 12:39:52.3 69.2289 30.7096 232 F
21 20449 43091 12:34:46.5 69.3087 30.8716 344 F
29 24872 5/3191 12:39:13.9 69.4000 30.7861 241 F
30 25681 6/581 12:30:59.7 69.3319 30.9285 2.28 F
31 25884 6/791 12:46:20.9 69.2714 30.8341 2.19 F
33 29048 71581 12:20:10.9 69.2206 30.8688 235 F
34 29049 7/581 12:21:01.0 69.3351 30.8033 247 F
35 30841 mM1ip1 12:18:36.7 69.3393 30.6918 238 F
36 31701 2481 12:30:58.2 69.2847 30.7569 236 F
39 329N 73191 13:30:04.5 69.1961 30.4679 238 F
4 35829 82191 12:43:12.3 69.2217 30.8972 262 F
45 37564 8/30091 12:22:24.6 69.3456 30.6235 237 | F
46 37566 8/30/91 12:27:28.6 69.3353 30.7230 255 F
47 38374 9/6/91 14:11:15.0 69.2957 30.7056 242 F
48 39500 9/1391 12:25:51.5 69.2719 30.68;16/ 2.64 F
49 40446 9/18/91 12:30:33.7 69.3241 30.6111 276 F
50 41779 927181 12:16:16.4 69.3483 30.9714 293 F
51 300147 107291 13:45:28.2 69.2584 30.5853 249 F
52 300489 10/18/91 13:04:50.5 69.2593 30.6217 2.10 F
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Table 34: Sorted events for area 11

Events # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
————  — ———————————— =S ——
53 300783 10/2591 13:58:56.4 69.3353 30.7689 275 F
55 301140 11/191 13:15:45.2 69.2130 30.6489 2.65 F
57 301995 1172281 14:02:42.1 69.2310 30.6730 2.52 F
58 302811 12/681 13:19:13.6 | 69.3755 30.5649 2.62 F
59 302991 12/18/91 13:22:12.6 69.3160 30.5983 2.02 F
61 303238 1212191 13:18:28.6 69.3877 30.6672 237 F
62 312845 122781 | 13:30:08.8 | 69.2465 30.6618 2.63 F
63 312882 12/2991 14:04:49.4 69.3549 30.7468 254 F
64 313708 1/1792 13:23:56.6 69.3674 30.8010 249 F
65 313709 11792 13:26:25.2 69.4448 30.7742 2,66 F
66 312843 12727181 13:29:10.2 69.3256 30.7628 261 F
67 315362 173192 12:29:55.9 69.4339 30.6812 247 F
68 315447 2/6/92 12:21:00.9 69.3441 30.5701 2.14 F
69 319425 22192 12:50:11.2 69.3412 30.6877 2.16 F
70 319426 22192 12:51:02.8 69.3803 30.6828 2.46 F
71 320982 2/2892 12:45:11.0 | 69.3646 30.6468 252 F
72 318098 2728192 12:48:20.2 69.3313 30.7165 222 F
73" 320988 2728092 12:48:57.1 69.2469 30.4055 230 F
74 319359 2/19892 12:25:03.0 69.2571 30.5751 2.09 F
76 321681 3/6/92 12:09:46.5 69.3414 30.6213 227 F
71 320320 3/1192 12:47:03.8 69.3476 30.7636 2.13 F
79 321023 3/18092 12:57:45.3 69.2721 30.4741 234 F
81 323186 372182 12:31:45.8 69.2781 30.5386 2.10 F
82 323332 4192 11:02:334 69.3572 30.6140 213 F
84 326510 4/8/92 11:38:22.0 69.3858 30.6585 2.50 F
85 324432 4/1092 11:29:51.2 69.3976 30.6444 224 F
86 326482 4120092 11:17:11.1 69.3135 30.5686 2.13 F
87 325462 4/22/92 11:03:30.7 69.3805 30.6203 2.15 F
88 326393 412992 11:33:56.3 69.3718 30.5097 234 F
89 326396 412992 11:37:50.4 69.2292 30.4617 203 F
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Table 34: Sorted events for area 11

Events # | IMS orid IMS origin time IMS lat IMS lon IMS ml Group
90 | 328716 | Sm2mz | 128343 | 92731 | e | 220 F
91 328721 | 5282 | 11:30:124 | €9.377 | 30.5003 2.19 F
92 32913 | spis2 | m24:108 | 69374 | 30.6508 252 F
93 320664 | 63M2 | 11:42:256 | 693607 | 30.7070 235 F
94 330611 | 61092 | 11:46:329 | 693236 | 30.5574 271 F
95 331070 | en9m2 | m:31:268 | 693708 | 30.6049 239 F
96 331074 | 61982 | 11:35:40.4 | 69.28T1 | 30.5566 2.6 F
97 331516 | 6P492 | 11:33:295 | 69.4143 | 30.6969 274 P
98 331692 | 6n6m2 | 10:46:267 | 692831 | 307222 2.58 F
99 333069 | 3mM2 | 132542 | 693723 | 30.7083 252 F
101 332090 | 71082 | 11:35:053 | 69.4200 | 30.6518 240 F
102 333624 | M782 | 1:32:034 | 693219 | 30.5455 211 P
103 335324 | 872 | 11:54:396 | 692980 | 30.5441 2.12 F
104 335847 | 81482 | 12:03:57.4 | 69.4463 | 30.5083 241 F
105 336568 | 8R12 | 11:05:066 | 69.2852 | 301511 227 F
107 336574 | 8182 | 11:14:266 | 693349 | 303955 249 F
109 340517 | 9mmz | 137024 | 693829 | 307301 262 F
110 340518 | 9382 | 11:38:199 | 69.4067 | :30.8400 232 F
112 340928 | 10782 | 1231:43.4 | 693250 | 306213 256 F
114 341887 | 102192 | 1230:527 | 69.2498 | 30.6720 250 F
115 342315 | 1012892 | 12:33:209 | 69.4319 | 30.5833 2.48 F
116 342312 | 102882 | 1234053 | 692574 | 30.6018 242 F
17 342482 | 1080m2 | 12:54525 | 693858 | 30.7318 2.78 F
118 343878 | 11720m2 | 13:24:308 | 693275 | 30.5390 232 F
119 343875 | 172092 | 13:25192 | 693204 | 306899 257 F
120 34527 | npime | 1222051 | 692480 | 30497 227 F
121 344675 | 118082 | 14:10:118 | 693945 | 30.6678 281 F

122 344969 | 12492 | 1236229 | e9.4438 | 307048 2.50 F
124 346355 | 1225M2 | 12:29:413 | 69.4306 | 307936 2.69 F
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a. Mixed event

Remarks:
- Groups A, C and E consist of mixed events that were reliably rorted. A couple of
mixed events can also be found in group F.
- All events from group F except two were identified as coming from mine HK3 in
the Helsinki bulletin.
- All events from group B and all events except two from group D were identified
as coming from mine HN1 in the Helsinki bulletin.
- No less than 9 mines were located on SPOT photos; nevertheless, all events
found in the Helsinki bulletin were located at mine HK3 whose closest SPOT mine
location is SD8.
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Figure 12:  Mine and IMS event locations for area 11. The Norwegian mine locations
have not been plotted on this map.
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PP

Latitude: 69 - T0°N

Longitude: 31 - 32°E

Local magnitude range: > 1.0

Reported mine locations: None
Number of events in IMS2: 254
Number of events within the magnitude range: 109

Number of processed events: 86

AREA 12

Frequency range used to process the data: 2 - 16 Hz
Processed signal length: 5s. before P, 47s. after P
Number of reference events: 4

Table 35: Reference events for area 12

Event # IMS orid IMS arid IMS wfid Threshold Group
16 T sz | oweer | o077 %}
86 344808 1523100 2873931 0.80 B
1 19799 754329 700181 0.79 c
49 36690 913020 1144424 0.78 D

Number of events found in the Helsinki bulletin: 9

Table 36: Events found in the Helsinki bulletin for area 12

Event# | IMS5 orid IMS origin time IMS ml | HEL location | HEL label | Group
66 21807 3/20/92 12:59:15.5 ;2.34 HK3 EXP -
] -r:i_m 1 17748 4/10/91 12:28:15.0 2.03 HK3 EXP A
_'-‘16 26841 6/14/91 12:38:23.7 233 HK3 EXP A
29 30843 71791 12:21:11.3 2.35 HK3 EXP A
4 35830 8/21/91 12:45:39.0 2.26 HK3 EXP A
64 302452 11/29/91 14:13:19.3 277 HK3 EXP A
5 16634 3/29/91 09:28:02.2 139 HK6 EXP B
6 16633 3/2991 09:27:15.2 1.22 HK6 EXP B
15 23086 5/1191 08:14:10.3 1.99 HK6 EXP B
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Events with the most reliable classification:

Table 37: Sorted events for area 12

Event# | IMS orid IMS origin time IMS lat IMS lon IMS ml Group
7 | ma | st | oo | eom | oo | z; | A
14* 22910 5n6M1 20:30:09.6 69.5106 31.0653 229 A
16 26841 6/1491 12:38:23.7 69.2905 31.0562 233 A
29 30843 71791 12:21:11.3 69.4233 31.1004 235 A
44 35830 82181 12:45:39.0 69.3163 31.0965 2.26 A
64* 302452 11/2981 14:13:19.3 69.4709 31.0478 2.77 A
85 344677 '11/30/92 14:10:39.3 69.4223 31.6375 290 A
2 40000 11/3050 10:10:13.1 69.3076 31.8669 1.09 B
5 16634 32981 09:28:02.2 69.4729 31.3768 139 B
6 16633 32981 09:27:15.2 69.7749 31.9132 1.22 B
9 19793 4/25/1 06:15:56.8 69.2905 31.8555 130 B
10 19796 42591 06:21:39.0 69.2666 31.9961 1.57 B
15 23086 511791 08:14:10.3 69.2531 31.8445 1.99 B
18 27150 6/2191 14:27:12.9 69.6427 31.8648 131 B

65 321356 3/1992 08:42:30.5 69.5464 31.7412 1.07 B -
78 332666 7892 11:57:59.5 69.6172 31.6889 1.41 B
82 338285 99M2 12:36:05.8 69.7327 31.7446 1.08 B
83 339216 9/18/92 12:06:54.2 69.5339 31.8312 1.51 B
84 340969 10/8/92 07:49:19.0 69.5507 31.9519 1.74 B
86 344808 12/392 08:33:204 69.4533 31.7553 1.61 B
11 19799 412591 06:26:01.5 69.2463 31.9024 1.64 C
13 19491 4/26/91 14:20:38.7 69.2753 31.8816 1.96 C
79 3334717 7/16/92 07:11:50.0 693113 31.8723 1.23 C
1 10049 11/29/90 12:40:43.8 69.1969 31.6000 1.04 D
3 15339 372181 13:39:08.5 69.1324 31.2484 1.09 D
4 15979 3/28/91 13:52:43.2 69.0804 31.7221 1.13 D
8 18720 4/15/91 14:01:54.9 69.1556 31.9245 1.37 D
12 19850 412591 12:56:47.5 69.5200 31.8727 1.15 D
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Table 37: Sorted events for area 12

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
—_— S
17 26847 | 6/1491 | 14:55315 | 69.5617 | 31.6061 114 D
19 28033 6251 | 15:03:512 | 69.4503 | 315717 1.04 D
20 27843 6211 | 09:38:33.0 | 69.5997 | 31.6162 1.05 D
21 28766 7/491 | 08:34:008 | 69.5468 | 31.4867 1.04 D
2 29999 M201 | 09:20:192 | 694911 | 31.5600 1.04 D
23 30146 1301 | 07:54:13.1 | 69.5824 | 31.5324 1.03 D
% 30390 MmsP | 07:19:14.0 | 69.5185 | 31.5692 1.08 D
25 30392 71581 | 08:52:15.5 | 69.4853 31.5124 1.04 D
26 30403 msP | 13:35:27.1 | 69.5781 31.5681 1.06 D
27 30587 71601 | 07:10:36.4 | 69.6370 | 31.5284 1.03 D
28 29932 6P | 08:31:108 | 69.6737 | 31.6381 1.02 D
30 30240 71801 | 07:1228.7 | 69.5382 | 31.5679 1.04 D
31 30716 71801 | 14:01:52.6 | 69.6050 | 31.6334 1.03 D
32 30430 M9P1 | 09:45:407 | 69.4884 | 31.5932 1.05 D
33 31250 712281 | 08:06:02.1 | 695136 | 31.4650 1.16 D
34 30920 712301 | 07:38:19.0 | 69.4959 | 31.5103 1.03 D
35 31406 712301 | 09:51:389 | 69.5009 | 31.4754 1.14 D
36 31440 712301 | 12:55:15.1 | 69.5038 | 31.4759 1.23 D
37 31452 712301 | 14:08:43.1 | 69.5284 | 31.5540 .11 D
38 32746 130m1 | 12:25:03.9 | 69.4798 | 31.5914 133 D
39 34070 8/6M1 | 08:31:28.3 | 69.4275 | 31.4897 1.03 D
40 35589 82001 | 07:4221.8 | 69.6318 | 31.6514 L1 D
41 35593 82091 | 09:13:425 | 69.4961 31.5626 1.07 D
42 35611 82001 | 14:12:289 | 69.5337 | 31.6147 1.18 D
43 35817 82191 | 09:42510 | 695173 | 31.6408 135 D
4s 35848 82191 | 14:00:27.5 | 69.4224 | 317978 1.20 D
46 36101 82301 | 08:02:20.1 | 69.5393 | 31.8088 1.08 D
47 36135 82391 | 14:05:238 | 69.4236 | 31.9989 1.04 D
48 35624 82391 | 14:06:24.6 | 69.5343 | 31.5125 1.06 D
49 36690 82801 | 9:10:189 | 69.5126 | 31.5387 1.22 D
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Table 37: Sorted events for area 12

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
50 m ﬁﬁfw ;_l-_7544 1.18 D
51 37146 9/3/91 09:23:31.8 69.5084 31.5168 129 D
52 37714 97391 14:28:04.2 69.5568 31.4837 1.15 D
hX] 37313 9/4/91 10:49:22.3 69.4856 31.4766 142 D
54 37314 9/4/91 10:50:46.3 69.5499 31.4765 121 D
55 38152 9/531 09:13:13.9 69.5816 31.6023 1.17 D
36 39131 9101 09:17:26.0 69.5367 31.4896 1.17 D
57 38360 9/1091 14:07:45.2 69.5430 | 31.4693 1.16 D
58 38363 2/1091 14:26:39.3 69.4948 31.347% 145 D
59 39470 9/11/91 09:03:30.3 69.4399 31.5353 1.08 D
60 39627 9/1191 14:25:17.7 69.4983 31.5817 121 D
61 39835 9/1291 14:29:58.9 69.5455 31.7970 1.08 D
62 39834 91291 14:31:32.9 69.5717 31.5422 121 D
63 38846 9/1391 08:17:39.7 69.4811 31.4874 1.00 D
67 331224 6/1592 09:50:209 | 69.5009 31.4623 138 D
68 331313 6/15/92 12:52:30.7 69.4217 31.4533 137 D
69 331315 6/15/92 13:13:12.2 69.4667 31.4646 1.8 D
70 331316 6/1592 14:01:30.5 69.4563 314718 1.18 D
71 330870 6/1192 02:58:36.3 69.0669 31.3860 120 D
72 331174 6/20/92 15:12:14.7 69.4596 31.3729 1.13 D
73 331296 6/22/92 12:59:49.4 69.4738 31.2756 1.14 D
74 331297 6/22/92 13:25:45.6 69.4450 31.2720 1.24 D
75 331298 6/22/92 13:45:27.1 69.5056 31.2869 1.07 D
76 331511 6/24/92 11:45:27.8 69.4991 31.1410 1.09 D
71 332980 6/24/92 12:02:15.7 69.4522 31.2559 1.09 D
80 335165 8/5/92 12:17:24.1 69.4274 31.3832 1.01 D
81 337167 812192 13:22:56.5 69.4202 31.4508 1.01 D

a. Mixed event
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Remarks:
- The locations of events from group D spread over an area of 50 x 50 km. The
closest mines to the center of the event cluster (Figure 13) are SD9 (area 11) and
SD1C (area 13) which are about 25 km away. Norie of these events have been
reported in the Helsinki bulletin.
- Events from groups A and B have well defined origins according to the identifi-
cation fonnd in the Helsinki bulletin. They come from mines HK3 (area 11) and
HKG6 (area 13), respectively.
- The IMS locations for events from group B are unusually scattered for events that
originat: from the same mine. The distance between event 6 and event 15 is about
58km.

- Events from group B are located too close to the array with respect to the mine
location HK6.
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Mine and event locations:
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Figure 13:  ‘Mine and IMS event locations for area 12.
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Latitude: 69 - T0°N
Longitude: 32 - 34°E

Local magnitude range: > 1.0
Number of events in IMS2: 256

AREA 13

Number of events within the magnitude range: 105

Number of processed events: 79

Frequency range used to process the data: 2 - 16 Hz
Processed signal length: Ts. before P, 59s. after P

Number of reference events: 12

Table 38: Reference events for area 13

Event # IMS orid IMS arid IMS wfid Threshold Group
22 28301 825093 941207 0.66 A
12 22301 775236 760713 0.77 B
45 302409 1008756 1468594 0.85 C
58 323098 1226703 1847106 0.80 D
40 40890 945982 1253278 0.77 E
19 27879 823560 927060 0.86 F
30 30887 852435 995216 0.83 -G
77 344816 1523114 2874156 0.82 H
33 33277 872388 1072376 092 I
35 34983 882951 1123589 0.79 J
51 321732 1225484 1830480 0.83 K
46 302359 1009955 1512594 093 L

Reported mine locations:

Table 39: Mine locations for area 13

Label Latitude °N Longitude °E Origin
P

sD23 69.012 33.641 SPOT

SD24 69.013 32939 SPOT

§D22 69.034 33.506 SPOT

sD21 69.060 33.484 SPOT




Table 39: Mine locations for area 13

Label Latitude °N Longitude °E Origin
SD20 69.093 33482 SPOT
SD19 69.111 33594 SPOT
HD7 69.2 333 old_HELS
SD15 69.223 33.168 SPOT
HK12 69.23 33.17 HELS
SD14 69.256 33.106 SPOT
SD12 69.276 323811 SPOT
SD13 69.286 32903 SPOT
SD11 69.299 32721 SPOT
SD10 69.410 32.135 SPOT
HD4 69.6 323 old_HELS
HK6 69.6 323 HELS

Number of events found in the Helsinki bulletin: 14
Table 40: Events found in the Helsinki bulletin for area 13

Event# | IMS orid IMS origin time IMSml | HEL location | HEL lab Group
6 17987 an2m 13:58:27.1 217 HK6 EXP -
7 17990 4/1291 14:03:52.8 226 HK6 EXP -
8 17989 471291 14:05:004 233 HK6 EXP -
10 17991 4/1291 14:02:52.7 220 HK6 EXP -
14 23082 51791 07:55:44.4 1.86 HK6 EXP -
15 23087 5N7P1 08:16:53.3 2.02 HK6 EXP -
25 28321 6/2891 13:49:383 1.90 HK6 EXP A
26 28322 6/2891 13:49:53.7 223 HK6 EXP A
4 15453 3rm 10:00:41.8 1.43 HD7 EXP C
31 31060 71981 14:05:21.8 221 HK6 EXP D
47 303334 1/8/92 08:21:083 1.64 HK6 EXP H
Y} 28310 6/2891 13:46:45.1 1.92 HK6 EXP J
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Table 40: Events found in the Helsinki bulletin for area 13

Event# | IMS orid IMS origin time IMS ml | HEL location | HEL lab Group
—— e ————————— — —_————— ————— =
23 28306 62801 | 13:44378 | 207 HK6 EXP K
16 23953 54P1 | 09:59:52.7 1.48 HD7 EXP L
Events with the most reliable classification:
Table 41: Sorted events for area 13
Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group

21* 28297 =6728ﬂ1 13:4232.5 | 69.5966 32,0560 1.74 A

22 28301 62891 | 13:42:48.1 | 69.3755 32.2155 232 A
25" 28321 62801 | 13:49:383 | 69.5859 32.0043 1.90 A
26* 28322 62801 | 13:49:53.7 | 69.4441 32.2368 2.23 A

12 22301 5/8M1 11:57:36.0 | 69.2026 32.1748 237 B

7 337257 8/2892 | 11:33:336 | 69.3794 33.9395 3.08 B

3 14382 31381 | 12:52:12.8 | 69.0931 33.0705 1.93 C

4 15453 32281 | 10:00:41.8 | 69.0508 32.8404 143 c

17 25867 6191 10:11:08.0 | 69.0873 32.9138 133 C

44 301164 11/501 | 11:08:47.1 | 69.1648 329714 135 c

45 302409 1122991 | 11:05:55.0 | 69.0370 32.8738 1.41 C

48 315682 2/4/92 10:15:35.6 | 69.0222 32.9649 130 C

5 16597 41291 09:00:58.0 | 69.3293 33.3165 2.03 D

31 31060 7981 | 14:05:218 | 69.0745 | . 32.1412 221 D

39 35812 82191 | 08:19:11.0 | 69.2732 33.3220 131 D

53 323095 32592 | 07:18:503 | 69.2839 33.0450 1.80 D
54 323097 3/2582 | 07:28:264 | 69.4098 33.2965 1.74 D

56 323098 32592 | 07:34:463 | 69.4017 33.5435 1.83 D
9 18726 41581 | 16:18:235 | 69.3123 33.9732 1.04 E

40 40890 9/1991 | 08:49:58.6 | 69.3542 33.9707 1.09 E

70 337161 82792 | 12:40:33.1 | 69.5050 33.6333 1.16 E

78 344904 12/492 | 07:20:26.3 | 69.3709 33.7060 1.24 E

11 18747 4/1891 | 06:27:39.3 | 69.1493 32.4482 1.06 F
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Table 41: Sorted events for area 13

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
19 Tﬁﬁ'ﬁﬁ?
52 322852 372392 14:23:28.8 69.0471 32.7548 1.06 F
60 326532 4/8/92 15:03:15.3 69.0147 32,7758 1.12 F
64 330879 6/1792 08:13:16.9 69.1197 32.0339 1.02 F
68 334926 /1592 12:17:45.7 69.0458 32.14M 1.01 F
28 29457 P81 10:38:27.6 69.0802 32.3643 1.14 G
29 29366 771081 11:05:56.5 69.0921 32.2n3 122 G
30 30887 7M9m1 09:26:11.0 69.0319 | 32.3860 148 G
32 31445 712381 13:10:01.3 69.0000 32.3120 139 G
75 344441 1172492 11:18:27.0 69.3939 323731 142 G
41 40894 9/1991 09:49:56.8 - 69,2619 32.4987 1.76 H
47 303334 1/8/92 08:21:08.3 69.5362 32.1073 ’ 1.64 H
50 324195 3/1992 08:45:40.0 69.6437 32,1852 1.15 H
74 340968 10/8/92 07:15:23.9 69.5449 32.7072 1.79 H
T 344816 12392 10:18:56.0 69.4455 33.0590 1.17 H
33 33277 8/291 08:48:09.3 69.3727 32.1765 145 I
36 34984 81991 09:17:07.1 69.3743 32.1668 139 I
18 27149 6/2191 14:22:57.8 69.7218 32.0080 138 J
20 28292 6/28/91 13:42:19.1 69.0698 32.2440 1.95 J
24 28310 6/28/91 13:46:45.1 69.7319 32.0719 192 J
34 33279 8/291 08:51:25.7 69.6326 32.2256 1.49 J
35 34983 8991 09:15:03.9 69.4275 32.0796 135 J
65 331155 6/20/92 09:27:57.3 69.4458 32.0188 147 J
66 331676 6/26/92 09:10:493 69.2643 32.0267 1.02 J
67 333321 71492 12:57:22.5 69.3960 33.4689 1.15 J
69 333471 771692 05:01:33.5 69.6097 32.7464 1.16 J
23 28306 6/2891 13:44:37.8 69.2486 32.1652 207 K
37 34987 80M1 09:26:38.8 69.3767 32.1610 1.90 K
51 321732 372092 10:21:16.3 69.6550 32.0104 1.34 K
16 23953 512491 09:59:52.7 69.0239 32.4184 1.48 L
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Table 41: Sorted events for area 13

Eveat # IMS orid IMS origin time IMS lat IMS lon IMS ml! Group
43 | 30015 | 10mm1 | n%a90 | om0 | maos | 17
46 302359 | 1210m1 | 11:12:075 | e9.0044 | 322850 1.67
49 322251 | 371092 | 10:07:480 | 692929 | 33.0759 1.61 L

a. Mixed events

Remarks:

- Events from group C and group L are very similar; according to the identification
made in the Helsinki bulletin, they probably come from the same mine.
- The other events that were identified as being from mine HK6 in the Helsinki

bulletin do not show the same degree of similarity.
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Mine and event locations:
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Figure 14: Mine and IMS event locations for area 13.
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AREA 14

Latitude: 68 - 70°N

Longitude: 34 - 38°E

Local magnitude range: -

Number of events in IMS2: 79

Number of events within the magnitude range: 79
Number of processed events: 51

Frequency range used to process the data: 3 - 16 Hz
Processed signal length: 9s. before P, 79s. after P
Number of reference events: None

Reported mine locations:

Table 42: Mine locations for area 14

Label Latitude °N Longitude °E Origin
D46 | 6806 | e | seoT |
JOG61 68.01 34.71 JOG
SD45 68.019 34.349 SPOT
JOG60 68.02 3437 JOG
JOGES 68.82 3537 JOG
SD18 68.932 34938 SPOT
SD17 69.064 35.008 SPOT
SD16 69.070 35.008 SPOT
HD12 69.2 347 old_HELS .
HK10 | 69.2 347 HELS
HD11 69.3 344 old_HELS
HK9 69.3 344 HELS
9

-
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Number of events found in the Helsinki bulletin: 3

Table 43: Events found in the Helsinki bulletin for area 14

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group
—_—
1 2593 11/16/50 10:10:36.7 274 HKS EXP -
5 16321 323/, 14:14:13.1 285 HK9 EXP -
16 18751 41891 07:20:493 243 HD12 EXF -
Remarks:

- A third of these events consists of mixed events, another third has very low sig-
nal-to-noise ratio and cannot be reliably classified into groups, and the remaining
events are not similar. The event locations in Figure 15 seem to confirm that these
events have diverse origins.
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Mine and event locations:

Figure 15: Mine and IMS event locaions for area 14.
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AREA 15

Latitude: 66 - 68°N

Longitude: 34 - 38°E

Local magnitude range: > 1.0

Number of events in IMS2: 343

Number of events within the magnitude range: 51
Number of processed events: 39

Frequency range used to process the data: 2 - 16 Hz
Processed signal length: 9s. before P, 79s. after P
Number of reference events: 2

Table 44: Reference events for area 15

Event # IMS orid IMS arid IMS wfid Threshold Group
37 344686 1522701 2869743 0.76 A
38 345204 1528053 2884926 0.79 B
Reported mine locations:

Table 45: Mine locations for area 15

Label Latitude °N Longitude °E Origin
HD10 67.6 342 old_HELS
HKS 67.6 42 HELS
HK2 67.64 34.02 HELS
JOGS56 67.88 3455 JOG
SD49 67.889 34566 SPOT
SD50 67.895 34615 SPOT
JOG57 67.90 34.63 JOG
SD47 67.916 34.385 SPOT
SD48 67.926 34.486 SPOT
JOG55 6793 34.48 JOG
83




Number of events found in the Helsinki bulletin: 30

Table 46: Events found in the Helsinki bulletin for area 15

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab
T om [ [noses | or | wn | 20 | ]

3 10225 12/290 11:12:54.3 221 HD6 EXP

4 3144” 122180 13:51:16.0 2.15 HD10 EXP

11 19072 42491 16:02:00.7 215 HD10 EXP

12 211 5/14/91 11:45:36.1 2.00 HKS EXP

15 28121 6/28/91 07:57:03.0 233 HKS EXP -
28 328714 5/22/92 11:51:359 240 HKS EXP -
1 3359 11/23/90 12:42:04.1 278 HD10 EXP A
8 10152 /181 12:24:16.1 248 HDS8 EXP A
9 13449 3m 09:47:08.5 2.50 HD10 EXP A
13 23109 511181 10:43:34.1 280 67.64 34.49 - A
16 27800 6/30/91 06:33:01.5 227 HK1 EXP A
17 35033 8991 12:28:35.2 2.11 HK2 EXP A
18 34551 8/1591 08:35:40.1 232 HK2 EXP A
21 301243 11391 09:07:43.8 2.57 HKS EXP A .
2 301456 11891 | 06:05:129 237 HKS EXP A
3 302841 12/1391 08:55:03.1 2.60 HKS5 EXP A
25 325704 4/3/92 06:27:20.5 2.59 HK2 EXP A
27 327886 5/1582 07:35:41.9 247 HK5 EXP A
3 333115 1292 03:24:45.1 2.26 HK2 EXP A
34 334229 7124192 09:54:06.8 222 HK5 EXP A
36 336589 82192 13:56:00.7 201 67.86 3443 - A
5 7618 1/1581 10:13:31.8 2.10 HD10 EXP B
6 9125 12691 18:30:32.8 2.56 HD10 EXP B
10 14261 3/19M1 12:34:29.7 2.40 HD8 EXP B
14 2311 51191 13:13:41.0 2.28 HD8 EXP B
19 36124 812391 13:06:49.0 2.18 HK1 EXP B
26 325102 4/17192 10:04:35.0 241 HKS EXP B




Table 46: Events found in the Helsinki bulletin for area 15

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group
—_— |
&7} 332336 P2 | 1214204 | 213 HKS EXP B
35 334791 1192 | 09573719 | 224 HK2 EXP B
Events with the most reliable classification:
Table 47: Sorted events for area 15
Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group

1 3359 /300 | 12:4204.1 | 67.6561 | 34.7603 278 A

8 10152 2181 12:24:16.1 | 67.3998 34,0420 248 A

9 13449 3191 | 09:47:08.5 | 67.5896 34.2262 2.50 A

13 23109 51781 | 10:43:34.1 | 67.6962 34.1831 2.80 A

16 27800 6n0P1 | 06:33:01.5 | 67.7080 34,0495 2.27 A

17 35033 8/9M1 12:28:352 | 61.71827 34,2835 2.11 A

18 34551 8/1591 | 08:35:40.1 | 67.6170 34,1312 232 A

21 301243 11391 | 09:07:43.8 | 67.7948 34.1165 257 A

22 301456 119P81 | 06:05:129 | 67.8972 34.2504 237 A

23 302841 1271391 | 08:55:03.1 | 67.6982 34,0745 2.60 A

24 322297 31792 | 20:26:00.6 | 67.5671 34,0543 2.03 A

25 325704 anp2 | 06:27:20.5 | 67.7798 34.2026 2.59 A

27 327886 51582 | 07:35:419 | 673649 34.7914 247 A

33 333115 m2m | 03:24:451 | 67.7218 34.2358 2.26 A

34 334229 2492 | 09:54:06.8 | 67.4261 34.0312 2.22 A

36 336589 821p2 | 13:56:00.7 | 67.6978 34,3065 2.01 A

37 344686 113082 | 16:24:543 | 67.8820 34.1513 2.28 A

39 346346 1272592 | 08:03:29.1 | 67.6193 34,3156 2.03 A

5 7618 11551 | 10:13:31.8 | 67.6810 34,1280 2.10 B

6 9125 12601 | 18:30:32.8 | 67.6067 34.0077 2.56 B

10 14261 31981 | 12:34:29.7 | 67.5051 34,0241 2.40 B

14 2171 511/ | 13:13:41.0 | 67.6927 34.0644 2.28 B

19 36124 82301 | 13:06:49.0 | 61.5571 34.0863 2.18 B
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Table 47: Sorted events for area 15

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
=====:_—=f=3;= —————— |
26 325102 4n1P2 | 10:04:350 | 67.5454 34.2509 241 B
32 332336 13R2 12:14:204 | 673481 34.2323 2.13 B
35 334791 MB1/2 | 09:57:379 | 67.8633 34.0808 224 B
38 345204 121182 | 11:51:007 | 67.6726 34.0221 2.15 B
Remarks:

- The comparison between the classification of the events into groups and the iden-
tification made in the Helsinki bulletin shows some discrepancy. As an example, it
is difficult to see more difference between events 18 and 22 , which are supposed
to be from two different mines, than between events 18 and 25, which are sup-
posed to be from the same mine. However, the data analyzed in this study were
recorded at a much larger distance than the data used by the Finnish analysts to

identify the events.

- The same remark can be made concerning the classification of the events into two
groups. The differences between these two groups are not obvious.
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Mine and event locations:
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Fgure 16: Mine and IMS event locations for area 15.

87




88




Latitude: 67 - 68°N
Longitude: 33 - 34°E

Local magnitude range: > 2.0

AREA 16

Number of events in IMS2: 1621
Number of events within the magnitude range: 50
Number of processed events: 44
Frequency range used to process the data: 1 - 16 Hz
Processed signal length: 10s. before P, 86s. after P

Number of reference events: 3

Table: 48: Reference events for area 16

Event # IMS orid IMS arid IMS wfid Threshold Group
13 11204 591092 1370650 0.83 A
15 8886 596635 1372459 0.80
7 6043 575609 1367095 0.79 C
Reported mine locations:

Table 49: Mine locations for area 16

Label Latitude °N | Longitude °E Origin
HD9 67.6 34.0 old_HELS
SD44 67.607 33.486 SPOT
HKI1A 67.63 33.84 HELS
HK2A 67.64 33.88 HELS
JOG54 67.67 33.63 JOG
HK1 67.67 33.74 HELS
HD8 67.7 33.7 old_HELS
SD40 67.893 33.029 SPOT
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Number of events found in the Helsinki bulletin: 36

Table 50: Events found in the Helsinki bulletin for area 16

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group
—_—— e S =
10 319825 1/11891 12:32:32.8 217 HKS EXP -
11 319826 171191 12:32:59.0 240 HKS EXP -
16 9360 1/29/91 10:02:18.7 240 HD8 EXP -
17 10143 2181 11:43:14.2 2.29 HKS EXP -
20 13994 3/1291 10:36:53.8 209 HD9 EXP -
3 33457 8/291 13:31:20.1 229 HK1 EXP -
36 35032 8991 12:29:13.8 209 HK2 EXP -
39 38108 9/5/1 05:09:283 2.60 HK2 EXP -
41 40459 9/18/91 15:52:35.7 222 HK2 EXP -
2 6791 12/29/90 11:01:55.6 228 67.€3 346 - A
13 11204 1/18/91 12:29:48.1 255 HD9 EXP A
35 34104 8/6/91 12:31:49.7 2.48 HKS EXP A
1 7020 12/28/90 10:19:06.2 243 HD9 EXP B
3 6511 12/30/50 05:02:17.1 2.65 HD8 EXP B
4 5459 12/3180 07:19:49.0 253 HDS8 EXP B -
5 6012 1/581 10:23:30.2 2.16 HD9 EXP B
15 8886 172591 11:03:223 2.54 HKS EXP B
18 10256 2/3p1 04:57:08.1 283 HD8 EXP B
19 13654 3891 04:42:523 2.30 HD9 EXP B
21 15559 32291 12:47:51.5 247 HD9 EXP B
p/ 18002 4/1391 17:59:26.2 2.26 HD8 EXP B
37 36102 8/2391 08:24:15.5 2.56 HKS EXP B
38 37655 9/191 06:17:17.1 2.38 HK2 EXP B
40 39557 9/1191 12:34:59.1 221 HK2 EXP B
4?2 40605 9/20/91 07:41:01.5 231 HKS EXP B
43 41665 925891 18:09:16.2 2.26 HK1 EXP B
6 6020 1/5P1 1.:42:35.0 2.35 HD9 EXP C
7 6043 1/581 21:29:32.0 | 223 HD8 EXP C
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Table 50; Events found in the Helsinki bulletin for area 1€

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group
s | e | wm | zwmews| o WS | EXP | €
9 11721 171191 09:33:56.5 2.66 HKS EXP C
12 11283 1/1391 04:32:34.3 2.55 HD8 EXP C
14 320333 1/1981 09:18:51.0 228 HDY EXP C
n 15465 3/2/91 | 11:17:06.7 264 HD9 EXP (o
29 27666 6/18/91 10:06:52.9 2.06 HK2 EXP C
30 30081 71R1 05:33:38.1 220 HK1 EXP (o
31 32973 3091 | 15:59:463 254 HK1 EXP (o
32 33416 8291 09:59:03.6 241 HKS EXP (o
4 41753 912191 | 08:35:56.7 227 HKS EXP (o
Events with the most reliable classification:
Table 51: Sorted events for area 16

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group

2 6791 12/29/90 | 11:01:55.6 | 67.4071 33.5922 2.28 A

13 11204 11891 | 12:29:48.1 | 67.5248 33.4136 2.55 A

35 34104 8/6/91 12:31:49.7 | 67.5367 33.5134 2.48 A

1 7020 12/28/90 | 10:19:06.2 | 67.6974 33.8855 2.43 B

3 6511 12/30/90 05:02:17.1 67.6269 33.6993 2.65 B

4 5459 12/3190 | 07:19:49.0 | 67.6350 33.9390 2.53 B

5 6012 /591 10:23:30.2 | 67.6378 33.9802 2.16 B

15 8886 12501 | 11:03:223 | 67.4794 33.9207 2.54 B

18 10256 2391 04:57:08.1 | 67.7365 33.7700 2.83 B

19 13654 3/8/91 04:42:523 | 67.6731 33.8227 230 B

21 15559 312291 12:47:51.5 | 67.5938 33.6511 2.47 B

24 18002 41391 | 17:59:262 | 67.6494 33.8861 226 B

28 27462 6/1691 | 05:39:52.0 | 67.6820 33.7293 2.53 B

37 36102 8/2391 | 08:24:155 | 67.5989 33.7468 2.56 B

38 37655 9/1/91 06:17:17.1 | 67.5575 33.4753 238 B
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Table 51: Sorted events for area 16

Event # IMS orid IMS origin time IMS lat IMS lon IMS mi Group

—_— ——  — —— —— ——————— —————————|

40 39557 9M1m1 | 12:34:59.1 | 67.4037 33.0372 221 B

42 40605 92081 | 07:41:00.5 | 67.6871 33.8866 231 B

43 41665 972501 | 18:09:16.2 | 67.5490 23.6078 2.26 B

6 6020 1/581 12:42:35.0 | 67.5673 333544 235 C

7 6043 /51 21:29:320 | 67.7078 339329 2.23 C

8 6045 1/581 21:34:476 | 67.5538 33.5130 231 C

9 11721 /1P | 09:33:565 | 67.5848 33.5061 2.66 C

12 11283 11391 | 04:32:343 | 67.6259 | 33.8946 255 C

14 320333 11991 | 09:18:510 | 67.6810 33.8771 228 C

23 15465 3/2201 | 11:17:067 | 67.5467 33.4373 2.64 o

29 27666 6/1881 | 10:06:52.9 | 67.5330 33.6068 2.06 o

30 30081 7191 05:33:38.1 | 67.7184 33.4697 2.20 C

31 32973 73081 | 15:59:463 | 67.6244 33.4745 2.54 C

32 33416 81291 09:59:03.6 | 67.6483 33.9469 241 C

4 41753 92791 | 08:35:56.7 | 67.5515 33.9060 227 C
Remarks:

- The event identification found in the Helsinki bulletin does not match the event
association: within a group, events can be identified as coming from either HD9 or
HK1. However, these two mines are only 13.5 km apart and differences in the sig-
nal seen at closer distances may not be seen at ARCESS.
- Events from groups B and C show some similarities.

92




Mine and event locations:
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Figure 17:

Mine and IMS event location for area 16.
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AREA 17

Latitude: 67 - 68°N

Longitude: 32 - 33°E

Local magnitude range: > 1.5

Number of events in IMS2: 241

Number of events within the magnitude range: 93
Number of processed events: T8

Frequency range used to process the data: 2.5- 16 Hz
Processed signal length: 10s. before P, 86s. after P
Number of reference events: 8

Table 52: Reference events for area 17

Event # IMS orid IMS arid IMS wfid Threshold Group
52 320658 1215187 1807449 0.76 - A
48 319424 1206199 1768359 0.80 B
11 18753 741183 613027 0383 C
15 21835 773567 741447 0.76 D
68 337114 1412999 2611710 0.80 E
56 326612 1237743 2005290 0.79 F
30 35869 897029 1139336 0.80 -G
54 325214 1234397 1964454 0.79 H

Reported mine locations: for area 17

Table 53: Mine locations for area 17

Label Latitude °N Longitude °E Origin

JOG68 6735 3253 JOG

JOG70 67.45 32.66 JOG

SD43 67645 32912 SPOT

SD42 67.759 3282 SPOT

SD41 67.803 \ 32.781 SPOT
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Number of events found in the Helsinki bulletin: 32

Table 54: Events found in the Helsinki bulletin for area 17

Event# | IMS orid IMS origin time IMSml | HELlocation | HEL lab | Group
6 316769 1/1091 12:22:24.1 236 HDé6 EXP -
13 19269 4/1991 12:28:24.5 2.09 HD9 EXpP -
20 25756 6/6/91 15:29:57.7 1.73 HKS EXP -
2 26046 6/10/91 07:06:26.9 1.76 HKS EXP -
31 37754 9/6/91 12:53:34.4 190 HK2 EXP -
57 326825 snez | oz14153 | 195 HK1 EXP -
69 337223 8/28/92 06:34:45.4 1.80 HK1 EXP -
5 3010 11/6/80 12:15:57.0 2.16 HD6 EXP A
10 17944 4/13M91 11:30:58.4 198 HD6 EXP A
35 41623 9/25/91 11:15:59.8 223 HK1 EXP A
43 303200 1272091 12:07:12.3 229 HK4 EXP A
4 303210 1272091 14:15:10.1 191 HK4 EXP A
52 320658 3/14/92 12:01:53.2 1.84 HK4 EXP A
65 332954 71192 10:01:34.3 193 HK4 EXP A
51 320312 3/1192 11:57:46.1 1.73 HK2 EXP B
7 16624 372991 08:47:44.9 1.84 HDé6 EXP C
14 21837 51P1 14:18:30.8 2.05 HD9 EXp D
15 21835 5191 14:18:373 ° 224 HD9 EXP D
24 28106 7291 10:01:37.2 2.11 HK2 EXP D
36 41762 92791 10:20:56.6 240 HK1 EXP D
60 330835 6/16/92 14:05:42.6 221 HKS EXP D
61 330864 6/16/92 23:39:01.9 2.12 HK2 EXP D
26 31418 71723/81 10:32:27.5 1.86 HK2 EXP F
56 326612 4/30/92 10:49:16.1 2.18 HK2 EXP F
59 330150 6/1092 14:33:154 1.73 HKS EXP F
1 3010 11/6/90 12:15:57.0 2.16 HD6 EXP G
29 34541 8/8/91 11:15:122 1.84 HK4 EXP G
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Table 54: Events found in the Helsinki bulletin for area 17

IMS orid

Event # IMS origin time IMSml | HELlocation | HELlab | Group
T 30 | 89 | s | 1havaia| 197 HKA EXP G
33 40914 91991 | 12:38:39.2 1.88 HK4 EXP G
38 300831 1072691 | 12:36:34.8 193 HK4 EXP G
63 331684 6/26/92 | 10:20:18.4 1.85 HK4 EXP G
Events with the most rel. - e classification:
lable 55: Sorted events for area 17
Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
5 4107 12/15/90 | 10:55:34.5 | 67.8624 32.0124 1.69 A
10 17944 41381 | 11:30:584 | 67.8688 323473 198 A
35 41623 92501 | 11:15:59.8 | 579718 32,6507 2.23 A
43 303200 122091 | 12:07:123 | 67.9065 32.5784 2.29 A
4 303210 1272091 | 14:15:10.1 | 67.9008 32.2276 191 A
45 303230 122191 | 11:06:385 | 67.9942 32.6983 1.84 A
47 320706 22192 | 11:26:095 | 67.8007 32.0201 1.81 A
52 320658 31492 | 12:01:53.2 | 679815 32.2047 1.84 A
65 332954 7M1/92 | 10:01:343 | 67.9990 32.6187 193 A |
18 24795 58191 | 09:49:47.9 | 67.2680 32.1333 153 B
40 301668 1171581 | 08:29:573 | 67.6114 32.3046 1.5% B
48 319424 3/4/92 | 07:32:29.8 | 67.5696 32.8186 1.65 B I
51 320312 3192 | 11:57:46.1 | 67.5802 324675 1.73 B
58 326989 5152 10:01:09.6 | 67.7263 32.9926 1.63 B
7 16624 32991 | 08:47:449 | 67.7209 329178 1.84 C
11 18753 41801 | 07:53:189 | 67.8925 32.9445 1.7 C
50 322248 3/1092 | 09:55:01.3 | 67.9097 32.5665 192 C
75 342798 11392 | 15:34:152 | 67.9368 32.4854 1.76 C
14 21837 5191 14:18:30.8 | 67.9474 32.1264 2.05 D
15 21835 5191 14:18:37.3 | 67.7375 32.0791 2.24 D
16 21836 5191 14:18:49.4 | 67.8979 32.1840 2.09 D
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Table 55: Sorted events for area 17

i Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
21 26151 | 991 | 056367 | 617146 | 323086 | 187 | D |
2% 28106 e | 1001372 | 674083 | 32997 211 D
36 41762 9nIm | 10:20:56.6 | 675351 | 32.9845 2.40 D
55 325397 | 42182 | 1421:288 | 679404 | 32.0587 1.64 D
) 330835 | 61652 | 14:05:426 | 67.742 | 323620 221 D
61 330864 | 6n6m2 | 2339019 | 615134 | 329791 2.12 D
72 341470 | 101692 | 10:03:087 | 673597 | 32.80s8 227 D
17 23027 sn1m1 | 0442110 | 672549 | 32.9809 190 E
66 334942 | 152 | 16:01:03.0 | 673753 | 329442 1.72 E
68 337114 | smim2 | 0328186 | 673599 | 329363 2.00 E
73 342310 | 1072892 | 1242424 | 679584 | 321210 229 E
26 31418 P | 1032275 | er.1920 | 328920 186 F
56 16612 | 4B0R2 | 10:49:161 | 679215 | 321664 2.18 F
59 330150 | onopz | 1433154 | 679024 | 32.1384 173 F
7 341323 | 1001492 | 12:03:341 | 67916 | 322883 207 F
7 344535 | 12192 | 1320000 | 67.6247 | 32.2969 2.13 F
1 3010 /69 | 1215570 | 679856 | 32.6874 2.16 G
25 28940 P | 10:56:068 | 678769 | 327720 1.74 G
27 33191 gnp | 133043 | 619317 | 323036 1.54 G
28 33190 gnp1 | 133166 | 679988 | 32.6035 1.67 G
29 34541 g8o1 | 15122 | 679797 | 328556 1.84 G
30 35869 822/ | 1229173 | 619199 | 32.2669 197 G
33 40914 onom1 | 1238392 | 19712 | 329300 1.88 G
38 300831 | 102691 | 1236348 | en.8467 | 323237 193 G
a1 301918 | 112191 | 10:43:304 | 679864 | 32.8096 191 G
63 331684 | 62602 | 1020:18.4 | 67.8983 | 32.5692 1.85 G
74 342462 | 1053092 | 11:10:582 | 679684 | 329856 1.56 G
76 344520 | 12792 | 11:48:077 | 679608 | 327741 2.13 G
78 346745 | 123092 | 11:30:589 | 67.9414 | 32.4985 255 G
2 3019 12190 | 03:24:438 | 673130 | 32m22 1.90 H
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Table 55: Sorted events for area 17

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
F_T_JTTTTT 1923233 | 673133 | 328876 | 158 | H |
19 24962 6201 | 0s:43:550 | 673791 | 328839 150 H
U 41087 | 9m2m1 | 0536343 [ 673635 | 327194 1.59 H
37 a83s | opomr | 08:09:19.1 | 67.4000 | 32.8783 1.64 H
42 302043 | upee | or18s28 | 672439 | 329204 1.57 H
46 313080 | 12502 | 0207:046 | 673411 | 329527 1.64 H
49 21713 | 3me | 1842:557 | erame | 327975 173 H
53 325804 | 4532 | 1931201 | 67.5008 | 32.9578 1.56 H
54 325214 | 4n8m2 | 19:06:37.8 | 677645 | 32.5631 1.51 H
62 331551 | 6m4m2 | 20:42:158 | 67.6843 | 324549 1.68 H
64 3327114 | 8®2 | 1826190 | 671228 | 327396 1.70 H
Remarks:

- No mine has been reported in the Helsinki bulletin for this area despite the loca-
tion of three mine on SPOT photos.

- The five events reported in the Helsinki bulletin were identified as coming from
mines HD9 and HK1 located in area 16. Four of them could be Sorted into groups
B or C of area 16. The remaining event, 35, is more questionable.

- The events are systematically located too close to the ARCESS array with respect
to the mine locations as already observed for other areas in the Kola Peninsula.




Mine and event locations:
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Figure 18: Mine and IMS event locations for area 17.
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AREA 18

Latitude: 66 - 67°N

Longitude: 32 - 34°E

Local magnitude range: -

Reported mine locations: None

Number.of events in IMS2: 27

Number of events within the magnitude range: 27
Number of processed events: i8

Frequency range used to process the data: 3 - 16 Hz
Processed signal length: 10s. before P, 90s. after P
Number of reference events: 1

Table 56: Reference events for area 18

Event # IMS orid IMS arid IMS wfid Threshold Group
4 14581 712076 504530 0.84 A
Number of events found in the Helsinki bulletin: 2
Table 57: Events found in the Helsinki bulletin for area 18
Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group
2 10066 | 112950 | 13:32:569 | 1.60 HD9 EXP | -
9 32649 73091 | 02:19:18.9 2.03 66.71 33.05 PE. =
Events with the most reliable classification:
Table 58: Sorted events for area 18
Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
3 6324 1/891 12:07:24.9 | 66.4845 33.2041 1.45 A
4 14581 32181 | 12:52:32.8 | 66.4421 33.7975 125 A
5 15973 32891 | 12:50:014 | 66.5656 33.9739 1.20 A
6 18206 4/1591 12:38:47.8 | 66.5317 33.75¢3 1.23 A
15 338270 99m2 11:18:55.5 | 66.3282 33.2949 1.30 A
17 342475 1073092 | 12:20:432 | 66.3950 33.6074 1.29 A
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Remarks:
- Only a few events show similarities. As shown on Figure 19, their locations
cover an area of 40 x 40 km. The other events have scattered locations.

Mine and event locations:

a — e — i ——

i [, | | i

Figure 19: Mine and IMS event locations for area 18.
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Latitude: 66 - 68 °N
Longitude: 30 - 32 °E

Local magnitude range: > 2.0
Number of events in IMS2: 309

AREA 19

Number of events within the magnitude range: 73

Number of processed events: 66

Freguency range used to process the data: 2 - 16 Hz
Processed signal length: 6s. before P, 56s. after P

Number of reference events: 4

Table 59: Reference events for area 19

Event # IMS orid IMS arid IMS wfid Threshold Group
9 15006 707690 493689 075 A
32 301141 1004086 1434919 0.76 B
8 14388 704547 484294 0.78 C
26 33671 874139 1074977 0.80 D
Reported mine locations:

Table 60: Mine locations for area 19

Label Latitude °N Longitude °E Origin

JOG69 6755 3033 JOG
HK8 67.56 30.44 HELS
HD1 67.6 305 old_HELS
HD3 61.7 314 old_HELS
HK7 61.7 314 HELS
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Number of events found in the Helsinki bulletin: 51

Table 61: Events found in the Helsinki bulletin for area 19

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group
—_—
3 10051 11/29/90 12:51:55.7 2.01 6745 32.51 - -
10 15007 3/1691 12:00:39.6 2.19 HD1 EXP -
11 16295 3/23/1 11:46:34.3 2.08 HD1 EXP -
6 5216 12/22/90 13:07:52.0 2.19 HD1 EXP A
40 302446 12/8/91 12:42:15.5 242 HK8 EXP A
42 302736 12/14/91 13:36:34.7 2.18 HKS8 EXP A
51 323617 3/28/92 11:08:32.6 2.19 HK8 EXP A
1 3114 11/6/90 09:43:50.8 2.28 HD1 EXP B
12 16762 373091 12:13:34.0 2,04 HD1 EXP B
18 22804 5/15/91 12:33:17.8 205 HD1 EXP B
20 24291 52591 10:56:12.6 2.03 HD1 EXP B
32 301141 117291 12:38:12.7 235 HK8 EXP B
39 302445 12/8/91 12:41:47.4 239 HK8 EXP B
41 302735 12/14/91 13:36:12.9 2.00 HK8 EXP B
8 14388 3/1391 13:30:26.8 2.10 HK7 EXP C.
35 301418 117781 10:55:19.7 2.16 HK7 EXP C
59 340241 92192 05:22:44.1 232 67.62 33.82 - C
2 2296 11/1750 11:32:57.7 2.12 HD1 EXP D
s | saa | 12nsm0 | 1236563 | 207 HDI EXP D
5 314447 12/22/90 13:06:47.7 2.18 HD1 EXP D
7 9113 172691 11:40:07.8 2.12 HD1 EXP D
15 20220 412891 11:12:31.9 2.18 67.64 30.67 P. QB. D
17 21211 5/8/91 12:10:44.7 222 HD1 EXP D
19 26852 5/18P1 13:29:58.4 2.19 HD1 EXP D
21 24946 6/191 12:30:43.1 2.19 HK8 EXP D
22 25979 6/8/91 11:13:25.5 224 HKS8 EXP D
24 28201 6/2991 12:49:48.3 2.15 HK8 EXP D
26 33671 8/3P91 11:18:01.6 213 HK8 EXP D
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Table 61: Events found in the Helsinki bulletin for area 19

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group

=== — e ———
27 35253 8/1091 09:35:11.9 2.15 HK8 EXP D
29 38330 97191 14:03:13.2 228 HK8 EXP

B 30 40735 92191 11:58:44.1 240 HK8 EXP D
31 300828 10/26/91 12:18:39.4 241 HKS EXP D
34 301388 11/6/91 12:36:26.8 2.06 HK3 EXP D
36 301718 11/16/91 12:21:55.5 222 HK8 EXP D
37 302123 11/2391 12:38:193 234 HK38 EXP D
38 302512 11/30/91 12:02:13.0 232 HK38 EXP D
43 303233 12/2191 12:57:352 216 HK38 EXP D
4 312949 1/25/92 11:17:30.7 2.28 HK38 EXP D
45 315461 2192 11:46:08.8 246 HK8 EXP D
46 317853 2/8/92 11:44:41 .4 222 HK38 EXP D
47 321768 37192 11:44:32.5 211 HK38 EXP D
48 322200 3/14/92 12:27:36.9 229 HK8 EXP D
49 321679 312192 11:03:154 213 HK8 EXP D
50 323616 3/28/92 11:07:34.7 2.18 HK8 EXP D
52 325198 4/18/92 11:10:41.9 229 HK8 EXP D
53 328095 5/16/92 10:56:58.8 235 HK8 EXP D
54 331758 6/2792 09:44:24.8 2.19 HK8 EXP D
55 333203 7/4/92 10:28:11.6 223 HK38 EXP D
56 334068 112292 11:36:27.1 207 HK8 EXP D
57 335915 8/1592 10:31:18.1 2.11 HK38 EXP D
58 340207 9/26/92 09:59:52.0 2.08 HK8 EXP D
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Events with the most reliable classification:

Table 62: Sorted events for area 19

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
T & | sz16 | 127220 | 1orsz0 | siedos | sosm2 | 21 A
9* 15006 3/16M91 12:00:16.0 67.3904 31.3467 2.12 A
13* 16763 33091 12:14:00.4 67.4258 30.7352 2.17 A
16* 20221 42391 11:12:53.8 67.5873 30.7168 2.27 A
25* 29262 77691 11:28:39.6 67.6913 30.6059 223 A
28* 36379 8/24/91 10:44:54.2 67.3461 31.2306 2.14 A
40" 302446 12/8/91 12:42:15.5 67.3945 30.77718 242 A
42* 302736 12/14/91 13:36:34.7 67.3901 30.9708 2.18 A
51* 323617 3/28/92 11:08:32.6 67.6150 30.6927 219 A
65* 346746 12/30/92 11:53:38.0 67.1349 31.7911 2.02 A
1* 3114 11/6/90 09:43:50.8 67.5354 30.1250 228 B
12* 16762 373091 12:13:34.0 67.2688 30.9723 204 B
18* 22804 5/1581 12:33:17.8 67.6261 30.2151 2.05 B
20 24291 512581 10:56:12.6 67.6001 30.3451 203 B
32 301141 11/2/91 12:38:12.7 67.6294 30.77197 235 B
33 301139 11/72/91 12:38:24.3 67.6662 30.3250 207 B
39 302445 12/891 12:41:47.4 67.5105 31.3541 239 B
41* 302735 12/1491 13:36:12.9 67.4881 30.6020 2.00 B
8 14388 3/13P1 13:30:26.8 67.5673 31.1427 2.10 C
35 301418 117781 10:55:19.7 67.6300 309163 2.16 C
59 340241 92792 05:22:44.1 67.8293 31.8541 232 C
2 2296 11/1780 11:32:57.7 67.6589 30.4890 2.12 D
4 8144 12/15/90 12:36:56.3 67.5692 30.3822 207 D
5 314447 12/22/90 13:06:47.7 67.6126 30.6297 2.18 D
7 9113 172691 11:40:07.8 67.6049 30.3330 212 D
14 17930 4/1391 08:47:22.1 67.6307 30.7078 222 D
15 20220 4/2891 11:12:319 67.6268 30.4870 2.18 D
17 21211 5/8/91 12:10:44.7 67.4339 30.4951 222 D
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Table 62: Sorted events for area 19
l Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
19 26852 SHEPL | 1329584 | 616289 | 03424 | 219 —
l 21 24946 6191 12:30:43.1 | 67.5957 30.3680 2.19 D
22 25979 6/891 11:13:255 | 67.6858 30.6084 2.24 D
. 23 26914 6r22P1 | 12:08:21.8 | 67.8022 30.2418 2.14 D
24 28201 6/2991 | 12:49:483 | 67.5265 30.2658 2.15 D
' 26 33671 83M1 11:18:01.6 | 67.6181 30.6171 2.13 D
27 35253 81091 | 09:35:119 | 67.5748 30.3086 2.15 D
l 29 38330 9191 14:03:132 | 67.5826 30.2219 228 D
30 40735 9191 | 11:58:441 | 67.5725 303247 2.40 D
31 300828 1072691 | 12:18:39.4 | 67.5567 30.6610 2.41 D
. 34 301388 11/691 | 12:36:26.8 | 67.5170 30.6954 2.06 D
36 301718 1171681 | 12:21:55.5 | 67.6085 30.1428 222 D
. 37 302123 1172391 | 12:38:193 | 67.6013 30.3261 234 D
38 302512 113081 | 12:0213.0 | 67.6014 303716 232 D
. 43 303233 122191 | 12:57:352 | 67.6500 30.9358 2.16 D
Ls 44 312949 12592 | 11:17307 | 67.5049 31.0197 2.28 D
l 45 315461 2/1/92 11:46:088 | 67.5922 30.2999 2.46 D
| 46 317853 2/8/92 11:44:414 | 67.6481 30.5943 2.22 D
. 47 321768 31192 11:44:325 | 67.4958 30.5012 211 D
48 322200 31492 | 12:27:369 | 67.5485 30.6805 2.29 D
l 49 321679 32192 | 11:03:154 | 67.4826 30.9966 2.13 D
50 323616 3128092 | 11:07:347 | 67.6640 30.4040 2.18 D
' 52 325198 41892 | 11:10:419 | 67.4510 30.7393 2.29 D
53 328095 5n6/92 | 10:56:58.8 | 67.4874 30.9323 235 D
54 331758 62192 | 09:44:248 | 67.5063 30.8505 2.19 D
l 55 333203 714/92 10:28:11.6 | 67.5842 30.6047 2.23 D
56 334068 772202 | 11:36:27.1 | 67.4343 30.7058 2,07 D
. 57 335915 8/1592 | 10:31:18.1 | 67.6573 30.6733 2.11 D
58 340207 912692 | 09:59:52.0 | 67.5543 30.7849 2.08 D
. 60 340694 10392 | 11:25352 | 67.5388 30.5184 220 D
[
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Table 62: Sorted events for area 19

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
61 S0 | 1o1mz | 1213371 | 616038 | 07467 | 230 | D
62 344396 | 12192 | 1220184 | 67.6088 | 30.7390 2.16 D
63 344579 | np8m | 1244000 | 67.6990 | 302048 222 D
64 345395 | 121292 | nam92 | ers2ss | 31794 217 D
66 346753 | 123092 | 11:54:065 | 615170 | 30.4885 2.04 D
a. Mixed events
Remarks:

- Only two events vere reported in the Helsinki bulletin as coming from mine HK7
and they are the only events within group C.

- The events from groups A, B and D are identified in the Helsinki bulletin as orig-
inating from mine HK8 (HD1) only. This is probably true since events from group
A, B and D show similarities.
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Mine and event locations:
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Figure 20: Mine and IMS event locations for area 19.
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AREA 20

Latitudie: 66 - 68°N

Longitude: 26 - 30°E

Local magnitude range: 0.5

Reported mine locations: None

Number of events in IMS2: 117

Number of events within the magnitude range: 103
Number of processed events: 91

Frequency range used to process the data: 3 - 16 Hz
Processed signal length: 5s. before P, 45s. after P
Number of reference events: 1

Table 63: Reference events for area 20

Event # IMS orid IMS arid IMS wfid Threshold Group
A=39“ 30083 s | omsss | oee | A |
76 337343 1413725 2619369 0.84 B
16 12936 621303 1376188 0.79 C
33 21201 775173 760518 0.92 D
84 341310 1469414 2762382 0.78 E
78 357790 1423068 2641101 0.88 F
18 12657 698108 460499 0.76 G
Number of events found in the Helsinki bulletin: 30
Table 64: Events found in the Helsinki bulletin for area 20
Event# | IMS orid IMS origin time IMS ml IMS location HEL lab | Group
B | 15108 | 3m0m1 | seiie | 131 HA25 T =xe | -
26 15573 32281 | 17:52:199 1.22 6601 | 2891 PE. .
35 23422 512091 | 17:00:50.2 1.50 HA25 EXP .
46 35981 82291 | 17:03:29.1 1.48 HM22 EXP -
50 40875 92181 | 20:59:433 1.28 6604 | 28.78 : =
1 3115 11/6/90 | 09:44:05.6 2.50 HD1 EXP A
2 5265 11/1490 | 13:08:34.2 2.05 HD1 EXP A
7 8107 1172490 | 11:54:18.4 2.01 HD1 EXP A
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Table 64: Events found in the Helsinki bulletin for area 20

Eveﬁt # | IMS orid IMS origin time IMS ml IMS location dELlab | Group
%0 | 16837 | 4sp1 | 1zsz4sa| 176 | HDL | EXP | A
34 22806 SN5/1 | 12:33:333 217 HD1 EXP A
37 28300 612691 | 12:12:53.7 133 HKS EXP A
66 329362 580F2 | 11:11:09.2 247 HK8 EXP A
68 330216 61192 | 11:00:449 1.65 HKS EXP A
69 331597 62592 | 11:31:36.7 142 HKS EXP A
9 313994 12/890 | 13:19:44.5 1.44 HD1 EXP B
38 29263 601 | 11:28:24.7 1.88 HKS EXP B

[ s 303099 12/28/91 | 12:43:455 1.53 HK8 EXP B
56 317915 2122092 | 11:46:12.7 1.87 HK8 EXP B
61 324899 41192 | 10:48:00.2 1.80 HK8 EXP B
72 333695 71802 | 09:39:228 1.78 HK8 EXP B
76 337343 8/29/92 | 09:58:30.8 215 67.63 | 30.62 - B
81 339273 9/1992 | 10:13:11.8 1.65 HKS EXP B
16 12936 2691 | 13:06:46.5 2.20 HD1 EXP C
62 325188 4/18092 | 08:14:19.6 1.27 HKS EXP C
15 12935 2601 | 13:06:18.6 2.01 HDI1 EXP E
49 37659 9191 | 10:14:57.0 1.30 6793 | 26.01 - F
75 337141 827182 | 10:14:533 144 6793 | 25.87 g F
7 337483 83192 | 13:04:515 1.33 6793 | 2597 - F
78 337790 9392 | 12:59:53.2 1.27 6794 | 2594 - F
79 338084 9192 | 10:59:50.8 1.44 6795 | 26.06 - F
10 9950 12/21/90 | 20:14:02.4 1.15 HD1 EXP G
Events with the most reliable classification:
Table 65: Sorted events for area 20
Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
1 3115 11/6/90 | 09:44:05.6 | 67.5694 29.8671 2.50 A y
2 5265 111490 | 13:08:342 | 67.5470 29.7919 2.05 A
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Table 65: Sorted events for area 20

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml1 Group
————— — — — —— ———
5 2455 11/22/90 12:32:11.7 67.6140 29.8259 094 A
7 8107 1172480 11:54:184 67.5674 29.7596 201 A
11 7019 12/28/90 10:14:45.5 67.5594 29.8966 0.89 A
14 10030 13191 12:40:14.0 67.4844 29.8443 09s A
19 13492 3nmp1 12:06:30.7 67.6171 29.9658 1.23 A
30 16837 4/5P1 12:52:45.4 67.6830 29.6453 1.76 A
M 22806 5/15P1 12:33:33.3 67.5872 29.8286 217 A
36 23993 512481 12:19:36.6 67.6782 29.5765 0.79 A
37 28300 6/2691 12:12:53.7 67.6591 29.9711 133 A
B 39 30083 mM2p1 12:36:54.7 67.6569 29.9246 1.01 A
47 36184 8/23/91 19:39:54.9 67.7504 29.9168 096 A
66 329362 5/30/92 11:11:09.2 67.6550 29.9576 247 A
68 330216 6/11/92 11:00:44.9 67.7777 29.9944 1.65 A
69 331597 6/2592 11:31:36.7 67.6728 29.6933 142 A
8s 342311 10/28/92 12:45:28.3 67.7459 29.3438 148 A
8 313989 12/8590 12:15:37.6 67.6261 29.7815 207 B
9 313994 127350 13:19:44.5 67.9540 29.5236 144 B
32 19452 472091 10:45:30.4 67.6358 29.9029 195 B
38 29263 7/681 11:28:24.7 67.6704 29.9737 1.88 B
54 303099 1272891 12:43:45.5 67.9682 29.4580 153 B
56 317915 2/22/92 11:46:12.7 67.4849 29.5292 1.87 B
61 324899 4/11/92 10:48:00.2 67.5804 29.8307 1.80 B
63 325199 4/18/92 11:10:04.8 67.7791 29.8907 1.23 B
72 333695 7/18/92 09:39:22.8 67.6332 29.6728 1.78 B
76 337343 8/2992 09:58:30.8 67.6251 29.9220 2.15 B
81 339273 9/1992 10:13:11.8 67.7582 29.8930 1.65 B
87 342520 103192 11:26:43.0 67.5879 29.8548 238 B
16 12936 2/691 13:06:46.5 66.9877 28.2508 220 C
62 325188 4/1892 08:14:19.6 67.8806 29.8645 1.27 C
88 344395 1112192 12:21:14.9 7.6246 29.6927 1.98 C
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Table 65: Sorted events for area 20

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
33 21201 5/891 11:12:47.7 67.7340 ﬁ— D
4 35608 8,201 12:34:54.2 67.6215 29.9763 1.15 D
12 5865 17491 00:39:06.2 67.8790 27.1918 0.61 E
15 12935 2/681 13:06:18.6 67.5781 29.9892 2.01 E
40 31385 712191 15:04:15.4 67.9286 26.6405 0.69 E
60 324958 471192 19:09:49.1 67.7449 274104 099 E
64 3270M 5/6/92 05:29:53.6 67.9094 26.8559 058 E
84 341310 10/14/92 07:59:42.5 61.7171 27.3552 092 E
86 342349 10/28/92 15:43:18.5 67.7674 27.1086 1.03 E
90 344426 11/24/92 00:12:33.8 67.6312 274725 1.05 E
49 37659 9/191 10:14:57.0 67.8076 26.0527 1.30 F
75 337141 82192 10:14:53.3 67.5075 26.3537 1.44 F
77 337483 83192 13:04:51.5 67.4948 26.0983 133 F
78 337790 9/392 12:59:53.2 67.4992 26.1018 1.27 F
79 338084 9192 10:59:50.8 67.3058 26.0671 144 F
80 338614 9/12/92 06:44:53.5 67.5379 26.0076 1.12 F
6 3368 11/2350 19:47:24.6 67.6271 29.6660 1.12 G
10 9950 12/21/90 20:14:024 67.7103 29.7318 1.15 G
17 13177 3/6/91 10:48:29.7 67.4264 26.7903 0.85 G
18 12657 37181 10:51:47.8 67.5347 26.717172 1.03 G
20 13145 3/1191 15:11:21.2 67.5321 26.6901 0.90 G
21 15260 3/1891 13:12:25.4 67.4613 26.7266 0.95 G
22 14272 3/1981 13:08:15.4 61.52719 26.6556 091 G
24 14357 312091 »‘i2:38:33.0 67.4291 26.7202 0.95 G
25 14575 32181 12:41:39.3 67.4542 26.5915 0.56 G
27 14989 3/25Mm1 12:35:23.7 67.5329 26.7193 0.88 G
28 15992 4/291 11:21:34.9 67.4770 26.5755 0.84 G
29 16156 4/491 09:46:41.3 67.4926 26.5504 0.59 G
3 16579 4/891 11:55:34.1 67.5082 26.4814 0.60 G
41 31145 712481 10:25:17.6 67.6625 29.8420 1.18 G
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Table 65: Sorted events for area 20

Event # IMS orid IMS origin time IMS lat IMS lon IMS m! Group
45 35870 8/2291 12:33:51.2 67.5714 29.6396 093 G
70 331744 6/27/92 02:37:39.5 67.1145 29.4521 130 G
Remarks:

- Based on the classification and on the IMS locations, these events seem to come
from four main regions (Figure 21): groups A, B, C and D from the North-East;
group E from the North-West; groups F and G from the West; the unsorted events
that are characterized by small and/or mixed events are located in the South.

- The classification is consistent with the identification found in the Helsinki bulle-

tin. This shows that the events from groups A, B, C and D have biased locations
which are to close to the ARCESS array.
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¢ Mine and IMS event locations for area 20.
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AREA 1

Latitude: 66 - 68°N

Longitude: 22 - 26°E

Local magnitude range: > 1.0

Number of events in IMS2: 814

Number of events within the magnitude range: 123
Number of processed events: 115

Frequency range used to process the data: 3 - 16 Hz
Processed signal length: 8s. before P, 68s. after P
Number of reference events:11

Table 66: Reference events for area 21

Event # IMS orid IMS arid IMS wiid Threshold Group

65 312913 1031014 1606780 0.78 A
104 340334 1448695 2723175 0.79 B
92 336850 1403166 2603469 0.79 C
46 35046 890751 1114679 0.85 D
25 18729 738242 588439 081 E
19 15255 709378 516029 0.82 F
89 334661 1370512 2420233 0.80 "G
61 303001 1012005 1531641 0.80 H
94 337224 1413336 2615259 0381 I
» 337460 1414133 2624283 0381

68 312559 1034389 1650932 - K

Reported mine locations:

Table 67: Mine locations for area 21

Label Latitude °N Longitude °E Origin
HM28 =1 67.79 24.43 HELS
N108 67.78999 24.43000 NORW
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Number of events found in the Helsinki bulletin: 58

Table 68: Events found in the Helsinki bulletin for area 21

Event# | IMS orid IMS origin time IMS ml HEL location HELlab | Group
‘=37 26123_t m HM22 EXP -
42 30127 7/1391 01:42:20.7 2.19 68.01 2346 EART -
45 35046 8/1581 17:00:39.6 1.25 HM22 EXP -
55 300945 10/30/91 17:10:31.6 139 HR1 EXP -
71 321671 3Nnzp2 16:03:41.9 111 HM22 EXP -
27 18644 4/1791 17:47:29.0 211 6702 24.56 EART -
29 20294 473091 00:17:41.6 1.10 67.82 22.64 PE. -
66 313137 1/1092 07:46:35.5 244 67.22 2357 EART -
70 319341 2/29/92 20:30:48.4 1.80 67.83 2243 PE. -
101 338033 9/6/92 12:29:54.0 1.08 6795 25.79 - -
31 21862 5191 15:27:26.4 1.13 HA2S EXP A
56 300972 10/3191 12:04:50.3 145 HM22 EXP A
57 301199 11/591 16:15:55.6 1.18 HM22 EXP A
58 301445 117191 18:05:16.3 1.25 HM22 EXP A
65 312913 1273191 16:00:58.7 1.13 HM22 EXP A
67 313163 1/1392 - | 18:09:22.6 1.27 HM22 EXP A
9 328743 512292 15:22:14.1 137 HM22 EXP A
86 332902 7/10/92 13:45:31.4 1.19 HM22 EXP A
87 334098 772292 18:16:51.4 1.10 HM22 EXP A
102 338571 9/11/92 18:55:21.0 1.01 HM22 EXP A
19 14292 3/1291 18:00:51.2 1.42 HA2S EXP B
20 15472 372291 11:54:39.0 1.63 HA2S EXP B
22 15045 3725/1 18:02:26.0 1.14 HA25 EXP B
24 16161 4/4/91 10:56:21.6 1.24 HA25 EXP B
26 18922 4/1891 11:03:14.8 1.29 HA2S EXP B
28 19322 472591 17:37:19.0 1.27 HA2S EXP B
32 22317 5/891 18:50:37.3 1.49 HA2S EXP B
36 25871 6/191 10:58:29.4 1.51 HM22 EXP B
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Table 68: Events found in the Helsinki bulletin for area 21

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab

43 33097 8591 | 17:07:09.5 | 152 HM22 EXP

44 35153 8991 16:58:41.9 132 HM22

49 39335 9/10/91 17:12:16.4 1.08 HM22

63 303149 12/1991 | 18:00:53.5 1.15

81 329790 6/4/92 15:00:32.7 1.19
336484 82092 15:01:01.1 1.11
340334 9/2892 | 18:01:55.1 1.64
27095 6/24/91 18:54:52.2
40901 9/19/91 11:01:149
303479 1/8/92 18:34:55.2

331622 6/25/92 15:29:37.6

332010 6/30/92 11:01:27.7
336850 812492 17:02:20.3
15748 32181 16:37:02.7

18729 4/1581 19:10:59.8
27183 6/1991 15:29:48.1
41661 9/2591 15:44:24.0
301360 11/1191 16:46:04.5
26448 11/28/90 | 15:01:40.6
9535 11/28/90 | 15:01:47.2

9420 172991 22:30:01.8

13837 3/1191 18:13:25.8
13838 31291 07:23:20.4
337805 9392 15:29:13.0

Qlajlajaleje|lQlmmja|m|mjalalalalaljlalv|jw|w|lw|o|w]|w

337815 9/3/92 16:16:42.8

337970 8/26/92 12:44:59.8

337263 8/28/92 12:00:01.0

337410 83092 12:59:52.9

337460 8/3192 09:30:00.4

337987 9/5/92 10:20:01.2
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Events with the most reliable classification:

Table 69: Sorted events for area 21

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
31 21862 s | 1527264 | 0375 | 25.0829 113 A
34 24553 sBop1 | 09:00:169 | 665716 | 24.5703 1.05 A
50 39509 | onm3m1 | 14:55:040 | es.0925 | 259938 1.06 A
56 300972 | 108191 | 12:04:503 | 660159 | 25.6200 145 A
57 0119 | 1581 | 1615556 | 661202 | 254525 118 A
58 301445 | 1791 | 18:05:163 | e6.0083 | 255527 125 A
65 312913 | 1283191 | 16:00:58.7 | 660713 | 25.7580 113 A
67 313163 | 11392 | 18:09:226 | 660026 | 25.4606 127 A
7 32161 | 31292 | 16:03:419 | 661811 | 249700 11 A
72 32161 | 3n2m2 | 16:03:419 | es18n | 249700 11 A
73 322221 | 31782 | 15:272:133 | 660033 | 241831 115 A
79 328743 | spam2 | 15:22:140 | 660197 | 246722 137 A
86 332902 | 71092 | 13:45314 | 664446 | 249708 119 A
87 334098 | 772292 | 18:16:51.4 | 660196 | 24.8275 110 A
90 335595 | 8mm2 | 1502430 | 660094 | 24.7375 118 A
102 338571 | omm2 | 18:5521.0 | e60s62 | 25.2360 101 A
110 344450 | 11242 | 12:48:523 | 660366 | 25.0288 1.02 A
114 347172 sP3 | 157530 | 661243 | 248754 1.50 A
16 14292 | 31281 | 18:00:512 | 663539 | 25.6981 142 B
20 15472 | 3m2m1 | 1:5439.0 | e6.0066 | 24.8602 1.63 B
22 15045 | 3nsm1 | 1802260 | 661223 | 25.2309 114 B
2 16161 4491 | 10:56:27.6 | 661953 | 254421 1.24 B
2 18922 | 418m1 | 11:03:148 | e60d60 | 257576 129 B
28 19322 | 4p5@1 | 1737190 | 662258 | 24.6419 127 B
12 2317 581 | 18:50:37.3 | 662048 | 24.7148 1.49 B
36 25871 611 | 10:58:294 | 66.0685 | 25.0161 1.51 B
43 33097 859 | 17:07:09.5 | 661411 | 25.0899 1.52 B
44 35153 89P1 | 16:58:419 | 660184 | 252827 132 B
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Table 69: Sorted events for area 21

Event # IMS orid IMS origin time IMS lat IMS lon IMS m! Group
49 m 663678 | 253782 18 | B |
63 303149 1271991 | 18:00:53.5 | 66.2039 25.8812 1.15 B
81 329790 6/492 | 15:00:32.7 | 66.1832 25.6837 1.19 B
91 336484 82092 | 15:01:01.1 | 66.0278 25.1700 111 B
104 340334 972892 | 18:01:55.1 | 66.1737 24.8420 1.64 B
106 341059 10/592 | 16:09:543 | 66.0829 25.2427 131 B

1 3211 1172090 | 13:49:333 | 67.0553 22,0287 1.04 C

8 10244 12390 | 14:02102 | 66.7723 25.8498 1.20 C
30 20299 43091 | 06:45:40.1 | 66.0925 23.0123 1.10 o
39 27095 62491 | 18:54:52.2 | 66.0894 25.7898 1.88 o
53 40901 91981 | 11:01:149 | 66.0452 24.9380 115 C
64 303479 1892 | 18:34:55.2 | 66.5126 25,2152 1.39 C
84 331622 62592 | 15:29:376 | 67.1179 22,6668 1.96 o
85 332010 63092 | 11:01:27.7 | 663011 24.9916 139 o
92 336850 812492 | 17:02:203 | 66.6516 24,6557 1.1 o
109 342491 103092 | 15:56:59.5 | 66.8492 253489 112 o
m 344462 1172492 | 18:02:452 | 66.1122 25.1377 134 o
45 35046 81581 | 17:00:39.6 | 66.1553 24.2870 1.25 D
46 35046 81501 | 17:00:39.6 | 66.1553 24.2870 1.25 D
15 347452 1/893 18:16:42.8 | 66.5492 24.9060 133 D
B 15748 32191 | 16:37:02.7 | 669959 22.4044 1.20 E
25 18729 41501 | 19:10:59.8 | 67.1566 22.1346 174 E
33 22785 5nop1 | 14:15:18.7 | 67.1328 22.3370 155 E
38 27183 61991 | 15:29:48.1 | 67.0216 | 222439 1.15 E
54 41661 92501 | 15:44:240 | 67.1491 2.0271 1.65 E
59 301360 1171191 | 16:46:04.5 | 67.1778 22,3509 1.35 E
69 321012 228092 | 16:30:36.2 | 67.4949 22.5213 1.10 E
19 15255 31891 | 12:04:09.1 | 66.5992 25.5331 118 F
21 15566 32281 | 15:56:42.6 | 66.6434 24.3630 135 F
13 345122 127192 | 16:04:54.0 | 66.2941 24.8471 151 F
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Table 69: Sorted events for area 21

Event# | IMS orid IMS origin time IMSlat | IMSlon | IMSml | Group
5 8565 | 12180 | 1505213 | 61190 | z2aem2 | 1» | G |
6 26448 | 172890 | 15:01:406 | 671330 | 222295 170 G
7 9535 1128080 | 15:01:47.2 | 671518 | 22.1461 1.64 G
13 9420 1290 | 2230018 | 611518 | 22.4506 1.74 G
14 13837 st | 1813258 | 67180 | 222211 1.85 G
15 13838 3291 | 07:23:204 | 668603 | 22.8354 1.82 G
51 40183 onId1 | 15:29:42.4 | 669951 | 221662 115 G
78 326151 | apep2 | 21:58:505 | 675761 | 220625 1.01 G
82 330000 a2 | 2212435 | 671543 | 220519 1.01 G
89 334661 | 72982 | 22:00:50.0 | 671408 | 22.0786 1.08 G
98 337805 o | 1529130 | e734m | 221336 117 G
99 337815 93m2 | 1616428 | 67.4863 | 22.0839 1.04 G
105 340711 | 1032 | 2243488 | 615472 | 22.1639 1.03 G
108 31232 | 101392 | 0305125 | 671461 | 223708 132 G
9 4977 1226m0 | 2254323 | 671343 | 22,0070 111 H
10 6292 1791 | 2249461 | 612815 | 22.4039 117 H
52 40464 ongp1 | 21:21:469 | 67.0m3 | 222806 1.06 H
60 302918 | 1271681 | 23:02:503 | 674503 | 22.0743 102 H
61 303001 | 121891 | 22:59:324 | 673149 | 22.1065 114 H
75 32059 | 3mp2 | 2301548 | 67.1080 | 22.1634 1.00 H
77 325980 | 4psp2 | 1049342 | 669116 | 23.0270 1.02 H
80 328883 | spsp2 | 0149550 | 672515 | 22.0064 102 H
3 3279 12280 | 2227314 | 6171344 | 222882 1.08 I
35 25103 62/ | 2214441 | 672076 | 221526 107 I
83 131462 | 6392 | 21:58.446 | 674592 | 22.0466 113 I
94 1124 | 8npem2 | oroas2n | erso46 | 20215 1.00 I
107 340946 | 10792 | 1546299 | 672098 | 22.0586 228 I
47 37702 93P | 11:59:593 | 67.8200 | 25.8428 1.09 I
48 37300 9461 | 09:00:009 | 679443 | 258188 127 ]
68 31255 | 172192 | 08:08:338 | 67.9210 | 24.3297 116 I
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Table 69: Sorted events for area 21

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group

o3 317970 | 8m6mz | 1244598 | 619396 | 25.8852 1.28 1

95 337263 828m2 | 12:00:01.0 | 67.9941 | 25.7881 1.08 J

96 337410 83092 | 12:59:529 | 67.4921 | 251124 118 J

97 337460 83192 | 09:30:004 | 67.9984 | 257949 143 J

100 | 337987 9/592 | 10:20:01.2 | 67.9856 | 25.6863 1.53 J

68 } 312559 12192 | 08:08:33.8 | 679210 | 243297 1.16 K
Remarks:

- A large number of events found in the Helsinki bulletin are located outside of this
area. Most of them come from either area 23 (mines HE1, HR 1, HR3) or from area
28 (mines HA2S5, HM22). This confirms the location bias already observed in the
IMS locations for other areas.

- Three clusters can be seen in Figure 22: in the south, events from groups A, B, C
and F seems to come from mine HM22 (HA2); in the West. zvents from groups E
and G are identified in the Helsinki bulletin as coming eitiwr from mine HR1 or
mine HR3; in the North-West, events from groups H and I have locations north of
group G; events from group J are located in the North-East. The Helsinki bulletin
did not assign any of the events from group J to a particular mine.

- One event from group G is identified as being an earthquake in the Helsinki bul-
letin while the other events are either originating from mines HR1 or HR3. The
difference between the earthquake and the mining events is not obvious as is as the
difference between events from mine HR1 and events from mine HR3. The vari-
ability of the signals within this group may be explained by the different origins of
these events.

- Two-hudred-fifty-six events are located around the mine HM28 (between 67.5°N
and 68°N and between 24°E and 25°E). Their local magnitude varies from 0.096 to
1.16 with 254 events with a local magnitude lower than 1.0. Event 68 is the only
event for the mine that was included in the studied data set. No events from this
mine were reported in the Helsinki bulletin.
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Figure 22: Mine and IMS event locations for area 21.
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AREA 22

Latitude: 66 - 67°N

Tongitude: 18 - 22°E

Local magnitude range: -

Reporied mine locations: None

Number of events in IMS2: 76

Number of events within the magnitude range: 76
Number of processed events: 63

Frequency range used to process the data: 5 - 16 Hz
Processed signal length: 8s. before P, 68s. after P
Number of reference events: 5

Table 70: Reference events for area 22

Event # IMS orid IMS arid IMS wfid Threshold Group
43 337588 142473 | 2628420 | o081 A
10 25494 804094 881646 0.8 B
62 345699 1536406 2886203 0.78 C
47 340339 1448693 2723136 0.79 D
53 342809 1501724 2807304 0.81 E
Number of events found in the Helsinki bulletin: 4
Talsie 71: Events found in the Helsinki bulletin for area 22
Event# | IMS o:id IMS origin time IMS ml | HEL location HEL lab Group
12 28474 MP1 15:39:16.6 1.71 HR1 EXP B
13 31064 1981 | 14:30:25.6 1.56 HR1 EXP B
18 300865 10728/1 | 16:30:29.0 1.87 HRI EXP B
22 302858 12/13/1 | 16:31:26.8 1.65 HR1 EXP B




Events with the most reliable classification:

Table 72: Sorted events for area 22

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
1 5474 11/14/90 22:53:08.9 66.9704 21.3453 1.48 A
17 300770 10/2491 22:54:11.3 66.9643 21.7687 1.00 A
23 303533 12/2591 22:28:34.7 66.8343 21.1342 1.26 A
24 311935 1992 23:08:56.4 66.2402 21.0287 . 1.39 A
32 327542 SN/ 22:14:42.8 66.5705 20.9485 1.29 A
33 332723 7/892 21:54:27.2 66.9338 21.0630 1.06 A
36 335271 8/6/92 21:54:28.2 66.6701 20.9574 1.29 A
38 335353 8192 21:59:18.3 66.9632 21.2433 1.02 A
42 337520 8/3192 22:15:42.7 66.8857 21.7490 1.02 A
43 337588 9/192 22:01:15.6 66.9615 21.5207 0.93 A
44 338586 9/11/92 21:56:25.9 66.9273 209783 1.20 A
51 341513 10/16/92 23:09:40.6 66.9011 21.0978 1.14 A
55 343323 11/1292 23:37:20.3 66.8911 20.9799 134 A
59 344466 11724/92 23:10:41.8 66.7964 21.5019 0.90 A
8 20951 5/191 08:06:40.8 66.9249 21.9913 0.87 B
10 25494 6/4/91 22:12:53.2 66.9968 21.8283 0.88 B
12 28474 77191 15:39:16.6 66.8572 21.8532 171 B
13 31064 1981 14:30:25.6 66.8973 219321 1.56 B
18 300865 1072891 16:30:29.0 66.9718 21.6865 1.87 B
22 302858 12/1391 16:31:26.8 66.8820 21.7239 1.65 B
43 340898 10/6/92 22:54:54.3 66.9608 21.2909 1.1 B
61 345683 12/16/92 23:07:31.3 66.9078 21.8386 1.23 B
5 15478 372891 22:28:32.9 66.8711 21.6750 0.81 C
7 19326 42501 18:23:11.6 66.9682 20.6458 - C
45 339489 972192 22:22:37.8 56.9888 21.9909 = 051 C
62 345699 12/1792 09:53:11.8 66.9482 21.9432 0.81 C
41 337364 82992 19:56:04.8 66.3954 20.7497 0.75 D
47 340339 9/28/92 17:37:30.3 66.0676 21.5750 0.64 D
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Table 72: Sorted events for area 22

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
63 | 34619 | 123092 | 1254147 | 660890 | 214066 071 D
3 14459 3/1481 | 09:06:37.2 | 66.0647 21.8314 0.82 E
4 15723 32791 | 12:14:07.1 | 66.0522 21.8149 085 E
53 342809 11/592 | 11:10:509 | 66.2882 21.1107 0.74 E
60 344658 11/30/92 11:03:00.0 66.1965 21.8287 0.66 E
Remarks:

- Events from groups A and B have a loca

mines HR1 and HR3.

- Events from groups D and E define a small cluster in the South-East of Figure 23.
No mine has been reported close to this cluster.
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Latitude: 67 - 61.5°N
Longitude: 18 - 22°E

Local magnitude range: > 1.5
Number of events in IMS2: 968

AREA 23

Number of events within the magnitude range: 112

Number of processed events: 97

Frequency range used to process the data: 1 - 16 Hz
Processed signal length: 7Ts. before P, 62s. after P

Number of reference events:
Table 73: Reference events for area 23
Event # IMS orid IMS arid IMS wfid Threshold Group
12 12948 621440 401282 0.79 A
36 41528 951691 1259354 0.79 B
T 6 10111 539461 624196 0.80 C
3 3297 532961 476848 0.83 D
46 303421 1013258 1582922 0.83 E
75 334722 1370724 2423260 0.81 F
82 341042 1459160 2729862 0.79 "G
95 344601 1522397 2866188 0.82 H
79 337216 1402476 2594680 0.82 I
i 332148 1324765 2228467 0.82 J
Reported mine locations:

Table 74: Mine locations for area 23

Label Latitude °N Longitude °E Origin
JOGS2 67.07 20.97 JOG
N212 67.0833 20.9667 NORW
HE1 67.1 20.6 old_HELS
HR3 67.12 20.90 HELS
JOG44 67.18 20.62 JOG
JOG45 67.18 20.67 JOG




Table 74: Mine locations for area 23

Label Latitude °N Longitude °E Origin
~ Bt | e8| 2@ HELS

JOG46 67.20 20.67 JOG

JOG47 67.20 20.71 JOG

Number of events found in the Helsinki bulletin: 59

Table 75: Events found in the Helsinki bulletin for area 23

Event# | IMS orid IMS origin time IMSml | HEL location | HEL label | Group
27 24603_fl 6/1191 15:37:02.1 1.81 HR1 - =—EXP -
30 30092 mM2pP1 15:30:10.6 1.80 HR1 EXP -
31 3073 mspP1 16:14:58.0 1.59 HR1 EXP -
32 31954 772591 15:36:46.9 240 HR1 EXP -
43 302274 1172591 17:16:33.1 2.05 HR1 EXP -
47 312857 12/271/1 18:20:074 1.96 HR1 EXP -
48* 312870 177192 17:14:30.8 1.79 HR1 EXP -
49 311927 1992 17:24:184 1.80 HR1 EXP -
50 315270 1/20/92 16:41:12.2 1.94 HR1 EXP -
51t 313162 11392 17:39:504 1.79 HR1 EXP -
52 315430 1/27/92 16:29:143 1.62 HR1 EXP -
54* 316231 2/6/92 16:28:204 1.83 HR1 EXP -
58* 323558 3127192 16:30:05.2 2.05 HR1 EXP -
59 325654 4/2/92 16:20:17.2 1.90 HR1 EXP -
61* 325492 4/22/92 15:30:59.9 1.80 HR1 EXP -
66" 327370 5/8/92 15:34:04.1 1.98 HR1 EXP -
70t 328736 5/22/92 14:21:19.8 2.00 HR1 EXP -
74" 333334 492 15:40:06.6 1.90 HR1 EXP -
76* 335262 8/6/92 15:42:108 1.78 HR1 EXP -
55¢ 319720 22192 16:32:434 2.02 HR3 EXP -
56* 321675 3/1292 16:36:53.9 1.88 HR3 EXP -
57 322828 nim2 16:30:42.8 1.80 HR3 EXP -
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Table 75: Events found in the Helsinki bulletin for area 23

Event# | IMS orid IMS origin time IMSml | HELlocation | HEL label Gmij
" —_— — — —_——
60 326830 4992 15:38:55.0 1.82 HR3 EXP -
63* 325921 424/92 15:55:38.8 1.92 HR3 EXP -
67" 327946 5/15092 15:34:17.9 1.89 HR3 EXP -
6" 328219 31892 15:47:062 1.58 HR3 EXP -
7t 330846 6/16/92 15:37:513 1.90 HR3 EXP -
Iy 331402 6/2392 15:36:40.8 191 HR3 EXP -
m 335898 8/14/92 22:33:46.8 1.78 HR4 EXP -
78* 336485 8/20/92 15:30:33.1 1.73 67.11 20.64 - -
12 12948 2/6/91 15:03:58.2 1.89 lTlEl EXP A
17 16859 4/5P91 16:19:04.8 1.61 HE1 EXP A
28 27960 6/1891 16:32:323 1.90 67.09 20.76 - A
37 300111 10/191 16:31:02.8 1.87 HR1 EXP A
13 15014 3/1691 13:01:48.2 1.79 HE1 EXP B
35 39847 9/1291 15:33:32.0 1.65 HR1 EXP B
38 300696 10/23P91 16:30:41.3 1.64 HR1 EXP B
81 340394 9/29/92 16:31:32.1 1.64 HR3 EXP B
1 5122 11/13/90 15:03:40.9 213 67.10 20.79 - C
6 10111 11/30/90 18:00:07.4 226 HE1 EXP C
10 314432 12/21/90 17:56:43.1 2.00 HE1 EXP C
15 15296 3nip1 17:09:43.0 1.76 HE1 EXP C
16 16069 372591 16:34:13.7 1.69 HE1 EXP C
18 17092 4/6/91 07:29:38.5 1.61 HE1 EXP C
19 17648 4/1191 15:35:42.9 1.76 HE1 EXP C
20 18728 4/1591 16:39:01.0 1.88 HE1 EXP C
24 22127 5/13P91 16:04:36.0 1.99 67.19 21.01 - C
33 34951 8/1491 15:38:38.9 213 HR1 EXP C
M 38255 9/591 15:30:39.7 232 HR1 EXP C
39 301290 11/181 17:10:02.2 1.92 HR1 EXP C
42 301655 11/1491 16:48:29.9 209 HR1 EXP C
4 302327 12/491 16:39:47.1 202 HR1 EXP C
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Table 75: Events found in the Helsinki bulletin for area 23

Event# | IMS orid IMS origin time IMSm! | HEL location HEL label | Group
—— S p——————
3 3297 11/22/90 08:53:35.7 2.08 HE1 EXP D
9 9546 12/17/90 | 05:20:02.4 2.05 HE1 EXP D
64 326877 5/4/92 01:03:03.2 1.77 HR1 EXP D
41 301999 1172281 17:10:37.8 1.59 HR1 EXP E
8 42285 12/6/90 15:03:24.8 202 67.08 20.90 - F
26 24174 52881 17:02:28.7 1.88 67.09 20.73 F
75 334722 7/30/92 15:31:004 1.73 HR1 EXP F

a. Event with a dominant frequency conteat between 5 and 6 Hz,

Events with the most reliable classification:

‘lable 76: Sorted events for area 23

Event# | IMS orid IMS origin time IMS lat. IMS lon, IMS ml Group
2 | 1298 2B | 1503582 | 61203 | 2iiest | 189 | A |
17 16859 4/5P1 16:19:04.8 67.1761 21.2346 1.61 A
22 21023 5np1 15:58:11.1 67.1196 21.8043 1.59 A

28 27960 6/18/91 16:32:32.3 67.0126 21.5071 190 A
37 300111 10/1/91 16:31:02.8 67.0975 21.4396 1.87 A
13 15014 3/16/91 13:01:48.2 67.1353 21.1366 1.79 B
35 39847 9/1291 15:33:32.0 67.0436 21.5944 165 B
36 41528 9/2391 15:29:56.8 67.1108 21.0166 203 B
38 300696 10/2391 16:30:41.3 67.1453 21.3004 1.64 B
81 340394 92992 16:31:32.1 67.0510 21.1319 1.64 B
1 5122 11/13/90 15:03:40.9 67.1370 21.1831 2.13 C
6 10111 11/30/90 18:00:07.4 67.1515 214513 2.26 C
10 314432 12/2190 17:56:43.1 67.1609 21.2964 2.00 C
11 314593 12/28/90 15:54:16.6 67.0551 21.3345 1.66 C
15 15296 312191 17:09:43.0 67.1252 21.1469 1.76 C
16 16069 312581 16:34:13.7 67.1675 21.3688 1.69 C
18 17092 4/6/91 07:29:38.5 67.1594 21.4736 1.61 C
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Table 76: Sorted events for area 23

Event# | IMS orid IMS origin time IMS lat. IMS lon. IMS m1 Group
19 17648 4/T;91 15m 21.1229 :1.76 C
20 18728 4/1591 16:39:01.0 67.1039 21.4353 1.88 C
4 22127 51391 16:04:36.0 67.1074 21.2971 1.99 C
25 24508 52181 15:36:09.5 67.0460 21.2963 1.75 C
29 28959 71491 15:37:19.7 67.0205 213273 1.84 C
33 34951 8/14/91 15:38:38.9 67.0643 21.4383 2.13 C
K2 38255 95/1 15:30:39.7 67.0742 20.9543 232 C
39 301290 11/191 17:10:02.2 67.1656 21.4165 192 C
4?2 301655 11/1491 16:48:299 67.1851 21.0566 209 C
4 302327 12/4/91 16:39:47.1 67.1391 21.2842 2.02 C
2 5131 11/13/90 22:10:04.6 67.1700 21.5070 1.59 D
3 3297 11/22/90 08:53:35.7 67.1863 21.1035 2.08 D
7 42194 12/5/90 07:11:334 67.2855 21.0722 2.02 D
9 9546 12/17/90 05:20:02.4 67.1949 21.0817 2.05 D
64 326877 5/4/92 01:03:03.2 67.2269 21.4048 1.77 D
41 301999 11/2291 17:10:37.8 67.1171 21.2269 1.59 E
46 303421 12/2391 16:30:42.7 67.1835 20.9045 1.69 E
8 42285 12/6/90 15:03:24.8 67.0755 21.3497 2.02 F
26 24174 5/28/91 17:02:28.7 67.1617 21.1678 1.88 F
75 334722 730/92 15:31:00.4 67.0213 21.6136 1.73 F
5 10070 11/29/90 23:33:36.6 67.4642 19.8187 1.717 G
14 15294 3/1891 23:33:03.3 67.4974 20.0607 1.53 G
21 20207 412691 22:33:47.9 67.3082 20.0564 158 G
40 301284 117391 22:57:20.7 67.2547 209691 1.57 G
53 315319 13092 23:13:19.2 67.2683 20.9426 1.52 G
62 325843 4/23/92 22:32:57.2 67.3639 20.1175 1.66 G
68 327967 5/15/92 22:34:524 67.2013 19.6238 1.76 G
82 341042 9/30/92 23:32:59.3 67.3578 19.8195 1.56 G
86 341007 10/8/92 23:36:48.3 67.2781 19.6138 1.54 G
89 342542 103192 23:35:399 67.4308 20.0309 1.51 G




Table 76: Sorted events for area 23

Event# | IMS orid IMS origin time IMS lat. IMS lon. IMS ml Group
[ 96 | 340 | 1z1ome | 2asses | eroste | 1806 | 166 | o |
45 302338 12/4/91 23:34:53.1 67.1108 195899 154 H
85 338054 9/6/92 22:34:28.0 61.1917 19.3992 1.63 H
95 344601 11/28/92 23:33:49.6 61.0263 183746 1.56 H
79 337216 82192 22:33:10.1 61.1177 193484 1.64 I
83 340619 10/1/92 23:35:25.7 67.1078 19.4260 1.83 I
73 332148 mnp2 22:34:58.1 67.4800 19.9220 1.68 J
91 343474 11/10/92 23:32:20.1 67.3818 20.2628 151 J

Remarks:

- Twenty-six events show a monochromatic frequency content (between 5.5 and
6.0 Hz) on the ARAO/sz element. This phenomena appeared at the ¢nd of Decem-
ber 1991 and is affecting 50% of the events of the data set. The possibility of
instrumental problems is not considered since during the same time period, record-
ings of events from other areas do not show this peculiar feature. In addition, the
same feature can be seen on data recorded at FINESA.

- Before May 1991, the Helsinki bulletin referred to only one location in this area:
67.10°N 20.60°E

- Origin times are distributed around 15:30 and 22:30 (summer time) and 16:30
and 23:30 (winter time). The events with origin times around 22:30 (23:30 winter
time) are located on the North-Western part of the map in Figure 24. They show
similarities with events located at mine HR4 in area 24.
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Mine and event locations:
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Figure 24:

Mine and IMS event locations for area 23.
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Latitude: 61.5 - 68°N
Longitude: 18 - 22°E
Local magnitude range: > 1.5

AREA 24

Number of events in IMS2: 2745
Number of events within the magnitude range: 109

Number of processed events: 93

Frequency range used to process the data: 2 - 16 Hz
Processed signal length: 7s. before P, 59s. after P

Number of reference events: 9

Table 77: Reference events for area 24

Event # IMS orid

IMS arid

IMS wfid

Threshold

g
E

65 302661

1010830

1506163

0.83

51 35164

883974

1124993

0.86

79 328626

1276827

2051252

0.81

54 38417

928199

1209824

0.81

78 3275317

1272325

2037900

0.92

18 19304

744641

621586

0.85

7 10188

612990

405572

0.83

dmmcnbﬂ:»

81 332725

- 1326489

2255440

0.80

o

82 333657

1355333

2308024

0.82

—y

Reported mine locations:

Table 78: Mine locations for area 24

Latitude °N

Longitude °E

Origin

67.63

21.03

JOG

67.65

21.00

67.70

21.00

67.80

20.20

67.83

20.19

67.833

20.205

67.88

20.23




Number of events found in the Helsinki bulletin: 22

Table 79: Events found in the Helsinki bulletin for area 24

Event# | IMSorid | IMSorigintime | IMSm! |  HEL location *l’fbf‘ Group
2% | 2 | sael | zsazis | 194 | eiss | 22 | . | - |
2 2290 | snomr | 2231213 | 169 | 6187 | 2010 - i
35 26102 | 61381 | 1048:232 | 249 | 6783 | 1962 | EARY :
58 300348 | 1011691 | 2335:098 | 1.68 HR4 EXP ]

61 300907 | 10n9m1 | 2334266 | 161 HR4 EXP 3
7 322810 | 32292 | 23:59:555 | 180 HR4 EXP -
10 14953 | 31991 | 2334264 | 174 HE2 EXP A
65 302661 | 127181 | 2335059 | 183 HR4 EXP A
14 16864 | 4/581 | 2234353 | 165 | 6784 | 2005 . B
19 19502 | 4/20M1 | 2231295 | 152 | 6788 | 201 i B
38 28273 | 62981 | 1359475 | 1.53 HR2 EXP B
52 36919 | 8181 | 2234450 | 1.64 HR4 EXP B
43 30914 | M | 2234570 169 | 6789 | 2024 i c
79 228626 | snem2 | 164023 | 162 HR4 EXP el
86 a8 | 9nsme | 2234498 [ 162 HRA EX? c
40 9123 | P | 2235411 | 181 HR1 EXP D
75 326555 | apsm2 | 2235130 | 165 HR4 EXP D
83 334835 | 13182 | 2235044 | 165 HR4 EXP D
85 337378 | 82992 | 2240019 | 197 HR4 EXP D
54 38417 | 9/6®1 | 2235:084 | 168 | €781 | 2007 ] D
15 17146 | 4681 | 2237:036 | 155 | 6784 { 2013 i D
78 321531 | sz | 244552 | 156 HR1 EXP E
4 34025 | 12990 | 2333084 [ 153 HE2 EXP F
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Events with the most reliak!s lassification:

Taile 80: Horted events for area 24

Event # IMS orid IMS ornigin time IMS lat | IMS lon IMS ml Group
[ 10 | 193 | 39w | 234264 | 617215 | 208629 | 174 A
65 302661 | 12781 | 2335059 | 66194 | 205122 1.83 A
68 13724 | Y1Im2 | 2335099 | e192m | 203670 17 A
69 315345 | 12492 | m:35:9.0 | 67.8665 | 20.6695 177 A
88 343524 | 111592 | 23:3%100 | 6776711 | 209366 180 A
12 15763 | 32181 | 2332564 | 678128 | 200172 1.60 B
13 16343 4181 | 2231446 | 617691 | 20.7947 1.58 B
14 16864 4581 | 2234353 | e7.8408 | 205425 1.65 B
16 17810 | 4n091 | 2233304 | 677635 | 209101 1.61 B
19 19502 | 4apom | 2231295 | 61161 | 207320 1.52 B
21 21477 sed1 | 2233282 | 675940 | 21.0267 1.51 B
22 2323 sl | 2231:532 | 67.8038 | 20.8545 1.51 B
29 24603 | spom | 2233124 | 679581 | 20.1437 1.65 B
34 26041 6mmP | 2234202 | 678337 | 21.0477 1.55 B
38 28273 612991 | 18:59:475 | 67.8426 | 21.1068 1.53 B
a1 29124 wsm | 2238532 | 679178 | 21.0006 1.52 B
42 30380 | 714®1 | 21:57:007 | 678210 | 206733 1.62 B
46 31272 | 7m0 | 2234357 | 67.8827 | 207466 1.59 B
47 31472 | 781 | 2234273 | 617593 | 208869 1.65 B
50 32093 | m1m | 223524 | e7.8610 | 208494 1.53 B
51 35164 89M1 | 2234:519 | 67.8040 | 21.0513 161 B
52 W91 | saim | seaso | emas | 20800 1.64 B
53 38299 o581 | 2241414 | 679538 | 21.0196 1.60 B
55 41550 | om3m1 | 2234228 | 67.8090 | 20.8043 171 B
57 300124 | 101M1 | 2335:048 | 678721 | 205525 1.65 B
9 13374 Y61 | 2333130 | 677164 | 21.0720 1.51 c
2 27271 | s5nap1 | 2020497 | 67.8641 | 209334 1.53 C
43 3914 | 1781 | 2234570 | 677169 | 208458 1.69 c
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Table 80: Sorted events for area 24

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
T 70 | 31786 | 2;z0m2 | Basasz | ersies | 20601 | 1s¢ | C |
79 328626 | snep2 | 1640023 | 677991 | 20.7965 1.62 C
80 331341 | 6m2m2 | 2234:19.5 | 67.5148 | 2020m 1.63 C
86 340228 | opem2 | 2234498 | 6722 | 212550 1.62 C
87 340756 | opom2 | na33ry | . 21.3061 151 C
15 17144 w61 | 2231:086 | 6717996 | 209129 1.5 D
25 2111 | snIm | 2236044 | 617840 | 207139 152 D
40 29123 e | 2235411 | 677648 | 208015 1.81 D
54 38417 9o6m | 2235084 | 678012 | 208167 1.68 D
63 302006 | 112281 | 23:34:069 | 678130 | 20.6215 1.80 D
67 33029 | yum | 1013210 | 627117 | 209770 1.59 D
75 326555 | 4psm2 | 2235130 | 678847 | 209680 1.65 D
83 334835 | BIM2 | 2235044 | 677024 | 211369 1.65 D
85 3373718 | spome | 2240:019 | 67.8586 | 20.6815 197 D
78 327537 | smm2 | 214452 | 678317 | 211613 1.56 E
91 34626 | np9m2 | 12:57:065 | 677547 | 208902 177 E
4 31405 | 12990 | 2333084 | 677846 | 20.6952 1.53 F
17 18736 | 415m1 | 2233192 | 677536 | 21.1406 1.53 F
18 19304 | 47981 | 2233125 | 67.7475 | 20.8005 1.52 F
7 10188 ms | 336541 | 678174 | 209144 1.59 G
60 300840 | 102691 | 23:35:039 | 678230 | 20.7486 1.64 G
5 7823 115 | 2334026 | 671398 | 21.0070 1.56 H
36 a3 | ens1 | 2235028 | 675106 | 19.9350 1.54 H
7 319324 | 24m2 | 35113 | 676676 | 20.0633 1.69 H
81 332125 | 182 | 2233582 | 675550 | 204177 1.54 H
84 336524 | spom2 | 2234316 | 675087 | 201936 1.67 H
89 343911 | 112092 | 23:34:184 | 67.5551 | 202763 1.57 H
82 333657 | 782 | 2233408 | 617703 | 21.0439 1.53 I
92 344755 | 12182 | 2332448 | 6157138 | 19.8286 1.5 I
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Remarks:

- The vast majority of these events have their origin time around 22:35 (summer
time) and 23:35 (winter time) which are characteristic shooting times of the Kiruna
mine (HR4) located in this area.

- The large number of events needed to represent all kind of signals coming from
this mine may be explained by the size of the mine (4 km long North-South) and
the different depths of the shots.

- A location bias is seen on Figure 25 which has been studied by Henson er al.
(1992).
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Mine and event locations:
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Figure 25: Mine and IMS event locations for area 24.
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Latitude: 66 - 68 °N
Longitude: 12 - 18 °E
Local magnitude range: -

Number of events in IMS2: 146

AREA 25

Number of events within the magnitude range: 146
Number of processed events: 120
Frequency range used to process the data: 3 - 16 Hz

Processed signal length: 11 s. before P, 101 s. after P

Number of reference events: 7

Table 81: Reference events for area 25

Event # IMS orid IMS arid IMS wfid Threshold Group
99 339193 1438945 2689497 0.79 A
61 320060 1194544 1742133 0.80 B
69 326980 1238647 2017326 0.80 C
34 303251 1013585 1608061 0.87 D
a3 313091 1163425 1656897 0.85 E
83 331416 1292513 2188588 0.75 F
45 312925 1031109 1608139 0.78 ¢
Reported mine locations:

Table 82: Mine locations for area 25

Label Latitude °N Longitude °E Origin
N2=l.3 66.13329 17.18330 NORW
N3 66.42 14.68 NORW
N5 67.15 16.07 NORW




Number of events found in the Helsinki bulletin or in the Bergen bulletin: 46

Table 83: Events reported in the Helsinki bulletin or in the Bergen bulletin for area 25

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | BER orid | Group
7 32@ 05!18/92_ 13:4# 2.74 6691 13.63= =EART .
90 335878 | 08/0.92 | 11:16:02 2.69 6641 | 1321 EART -
28 300855 | 10/28/91 12:57:463 | 224 6640 | 1437 - A
99 339193 | 91792 | 11:59:58.2 E 6650 | 14.76 = A
18 29706 71191 | 08:11:49.4 1.98 6643 | 14.67 . B
61 320060 | 272592 | 22:08:563 - 6748 | 1475 PE. B
69 326980 5/592 | 08:00:235 | 2.10 6645 | 1471 - c
75 328647 512192 | 20:09:56.6 - 6643 | 14.77 5 c
85 333009 62192 | 13:49:068 1.719 6683 | 1359 - c
34 303251 1192 | 08:39:042 | 201 6777 | 15.17 | EART 3 D
46 313181 11092 | 22:25:423 | 2.06 6172 | 1497 | EART 32 D
47 313020 | 01/1192 | 01:45:35 149 3 = S 51 D
50 313018 | 01/1192 | 01:17:30 1.50 - - - 50 D
110 343515 | 1171592 | 18:30:36.0 - = : - y D
111 343517 | 111592 | 18:44:46.5 = 2 = = . ‘D
12 343518 | 111592 | 18:58:44.4 - 5 = - s D
14 26883 61591 | 02:52:39.5 1.53 6173 | 15.15 PE. 3 E
35 303471 | 01/04/92 | 03:43:44 193 E o g 3s* E
42 303433 1592 | 05:11:56.1 1.64 6176 | 15.16 PE. 18* E
53 313091 12592 | 11:57:353 191 6756 | 15.40 PE. 56 E
54 313094 12502 | 1216462 | 2.m 6775 | 1509 | EART 57 E
58 315678 | 02/03/92 | 23:39:09 1.55 - = - 63° E
114 343513 | 111692 | 01:30:19.6 - 2 = = . E
116 344386 | 1122092 | 18:49:28.0 1.15 : = - . E
38 312938 1/492 | 06:00:51.7 = 6777 | 1524 | EART 12* F
39 303256 1/492 | 09:06:29.3 2.22 6778 | 1522 | EART 13* F
40 303395 1/592 | 01:20:49.5 %) 61.7 15.17 PE. 16* F
55 313112 12592 | 19:12:53.7 1.83 6157 | 1542 PE. 59 F
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Table 83: Events reported in the Helsinki bulletin or in the Bergen bulletin for area 25

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab { BER orid | Group
—= ——— ——————
64 321224 272992 | 20:47:11.6 | 2.08 6748 | 1475 PE. s F
76 328628 51982 | 08:30:2.6 e 5 S - . F
80 330639 61292 | 04:48:37.7 | 213 6768 | 15.05 PE. ¢ F
82 331414 612092 | 21:37:179 229 6778 | 15.19 PE. . F
83 331416 - | 6/2092 | 23:01:316 | 274 6119 | 1521 PE. . F
36 312934 1492 | 04:15:04.7 S 6778 | 1513 EART 10* G
37 303473 | 01/04/92 | 05:33:24 1.05 - - - r G
41 303428 | 01/0592 | 02:31:20 1.16 - = - 41 G
4 303493 | 01/0692 | 08:26:23 1.58 - = - 46 G
45 312925 1192 | 10:15:08.4 1.79 6174 | 15.19 PE. Iy G
49 312926 | 01/0192 | 14:46:11 136 i . 3 34° G
52 312922 | 01/0192 | 08:57:09 - - S - 32 G
57 315636 | 020392 | 04:15:43 1.13 2 - z 63 G
115 343800 | 1111792 | 13:02:24.7 141 - . - : G
73 328535 511892 | 13:47:01.8 274 6691 13.63 EART - i
43 303125 /592 | 07:57:103 1.00 - o . 4 d
51 312921 1152 | 08:18:07.9 - - - - 29 d
%0 335878 8392 | 11:16:01.5 | 2.69 66.41 13.21 EART - d
a. Confirmed by K. Atakan, T
b. Event provided by T. Sereno, not confirmed by K. Atakan,
c. Overlapping events.
d. Event not sorted.
Events with the most reliable classification:
Table 84: Sorted events for area 25
Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
1 7524 112190 | 1240372 | 6635712 | 15.1024 2.05 A
2 10134 121790 | 09:58:58.1 | 66.3395 15.2338 1.75
28 300855 10/2891 | 12:57:46.3 | 66.3166 15.1514 2.24 A
31 302796 12/6/91 1237:01.2 | 66.4437 14.9816 221 A
60 317832 2/2092 | 12:54:24.0 | 66.2465 15.1126 1.30 A
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Table 84: Sorted events for area 25

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
66 323134 | 38192 | 06:39:041 | 662011 | 158001 | 143 A
67 325157 412 | B31:072 | 665548 | 149065 159 A
92 336714 | 81392 | 1326079 | 660697 | 162137 157 A
99 3390193 | o782 | 11:59:582 | 664837 | 14.6998 . A
17 344459 | 1172562 | 1029467 | e64m14 | 14.8406 194 A
18 29706 71181 | 08:11:494 | 661959 | 160441 198 B
27 41639 onsP1 | 11:50:529 | e64171 | 14.9897 2.15 B
61 320000 | 272592 | 22:08:563 | 667613 | 14.0294 ] B
63 320293 | 2;6m2 | 131279 | 664696 | 15.0185 1.54 B
7 327483 5692 | 19:18:34.1 | 663405 | 14.9448 1.54 B
89 333207 | 71392 | 00:48:126 | 66819 | 13.8241 133 B
98 338208 o8m2 | 04:15:57.1 | 667930 | 13.6135 1.69 B
107 342368 | 102792 | 14:57:54.8 | 668163 | 13.6956 2.06 B
118 uss19 | 1292 | 1551070 | 662027 | 162242 143 B
119 346212 | 121502 | 0026:287 | 663860 | 14.8608 130 B
33 302995 | 121891 | 1631:57.1 | 664057 | 149794 201 C
69 326980 siso2 | 08:00:35 | 66.0903 | 167915 2.10 C
75 328647 | 5192 | 20:09:566 | 664179 | 15.123 } C
79 330532 | 5B0@2 | 05:51:382 | 668275 | 13.4079 193 C
85 333009 | 62792 | 13:49:068 | 667363 | 13.9748 179 C
87 333188 | 71002 | 09:19:02.5 | 663592 | 153888 201 C
101 340744 | 10192 | 17:47:480 | 667401 | 14.2977 179 C
34 303251 112 | 08:39:042 | 675156 | 15873 201 D
46 313181 1nog2 | 2225423 | 616260 | 15.4633 2.06 D
4 313020 | 12 | 01:45:349 | 67.0m9 | 16.0868 1.49 D
50 313018 mpz | o1:17:296 | 67.0333 | 162929 1.50 D
110 343515 | 117592 | 18:30:360 | 667549 | 169413 ; D
I 343517 | 11592 | 18:44:465 | 668215 | 17.1151 ; D
12 343518 | 111502 | 18:58:444 | 673430 | 163643 . D
14 26883 6/15P1 | 02:52:39.5 | 67.5410 | 15.6738 1.53 E
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Table 84: Sorted events for area 25

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
5| 281 | M1 | 0511094 | 675759 | 169945 129 E
2% 35805 82191 | 01:28:03.8 | 667605 | 16.5446 134 E
35 303471 1492 | 03:43:44.1 | 674594 | 15.6312 193 E
42 303433 use2 | os:uisen | ers708 | 154463 1.64 E
53 313091 12sm | 157353 | 676413 | 15.5252 191 E
54 313094 | 12582 | 1216462 | 67.6892 | 153479 271 E

| s 315678 WP | 2339:092 | 671794 | 166321 155 E
114 343513 | nnem2 | 01:30:196 | 6727129 | 152284 : E
116 344386 | 12092 | 18:49:280 | 669233 | 16.4507 115 E
38 312938 14p2 | 0600517 | er.ss1 | 1s5.08m z F
39 303256 v4m2 | 09:06:293 | 67.6646 | 15.2246 222 F
40 303395 sP2 | 01:20495 | 673244 | 16.1006 171 F
55 332 | P2 | 1992537 | 615236 | 15.8805 1.83 F
64 32124 | 27992 | 2047116 | 675982 | 155651 2.08 F
76 328628 | s/1992 | 0830:26 | 675139 | 157613 . F
80 330639 | 61292 | 04:4837.7 | 676789 | 15.3625 2.13 F
82 331414 | 6n0m2 | 21:37:179 | 673420 | 16.4282 2.29 F
83 331416 | 62092 | 23:01:31.6 | 675604 | 15.6845 2.74 F
108 342557 | 1080m2 | 1934158 | 611415 | 161542 139 F
36 312934 14p2 | 0415047 | 61.5847 | 15.4876 ] G
37 303473 1492 | 0533236 | 668573 | 164742 1.05 G
41 303428 P2 | 0231:195 | 676014 | 17.1640 116 G
44 303493 1692 | 08:26:23.4 | 671629 | 16.4434 1.58 G
45 312925 1192 | 10:15:084 | 670345 | 16.0389 179 G
49 312926 P2 | 1446107 | 669356 | 167003 1.36 G
52 312922 192 | 08:57:092 | 674827 | 16.0597 . G
57 315636 P2 | 0415426 | 6712326 | 16.0450 113 G
115 343800 | 11792 | 13:02247 | 66.8555 | 17.1680 141 G
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Remarks:
- Events from groups D, E, F and G are part of the earthquake swarm that occurred
in Steigen (Norway) in 1992 (Atakan, 1992).
- According to the 2uthor, the activity started on January 1, 1992. The event classi-
fication revealed that three events of the studied data set were very similar to the
events from the swarm. They occurred in the same area in June 1991, July 1991
and August 1991, respectively.
-The list of Steigen events provided by the University of Bergen and shown in
Table 83 does not include all events associated with this swarm of earthquakes.
Only 25 events (23 are shown in Table 83) were on this list while the author
reported 89 events between January 1, 1992 and February 18, 1992.

Mine and event locations: :

Figure 26: Mine and IMS event locations for area 25.
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AREA 26

Latitude: 64 - 66°N

Longitude: 10 - 18°E

Local magnitude range: -

Number of events in IMS2: 27

Number of events within the magnitude range: 27
Number of processed events: 17

Number of events found in the Helsinki bulletin: None .
Frequency range used to process the data: 3 - 16 Hz
Processed signal length: 11s. before P, 101s. after P
Number of reference events: None

Reported mine locations:

Table 85: Mine locations for area 26

Label Latitude °N Longitude °E Origin
N216 64.10 12.5833 NORW
N9 64.07 11.20 NORW
N7 64.87 13.88 NORW
N8 65.93 13.88 NORW

Remarks:
- Only a small number of events are located in this area and they all look different.
- The TMS lucations do not show any tendancy to cluster on Figure 27. They prob-
ably have diverse sources.

Events with the most reliable classification: None
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Mine and event locations:

Mine and IMS event locations for area 26.

Figure 27:
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Latitude: 64 - 66°N

Longitude: 18 - 24°E
Local magnitude range: -

Number of events in IMS2: 54

AREA 27

Number of events within the magniwude range: 54

Number of processed events: 38
Frequency range used to process the data: 3 - 16 Hz
Processed signal length: 11s. before P, 101s. after P

Number of reference events: None
Reported mine locations:

Number of events found in the Helsinki bulletin: 13

Table £6: Reported mine locations for area 27

Label Latitude °N | Longitude °E Origin
N220 64.05000 20.71670 NORW
N216 64.10000 19.58330 NORW
N214 64.13329 18.56670 NORW

Table 87: Events found in the Helsinki bulletin for area 27

Event# | IMS orid IMS origin time IMS ml HEL location HEL lab | Group
4 llT—'l; 1/1951 21:01:13.8 r2.28 65.66 18.06 P.E. -
9 25522 6/591 09:05:53.0 1.71 64.32 20.77 P.E. -
10 25748 6/6/91 12:46:11.5 3.22 65.58 22.70 PE. -
12 32436 7/28/91 20:38:51.6 1.09 65.78 22.57 PE. -
15 41532 0/2391 19:20:28.3 3.15 64.58 21.40 EART -
16 41547 92391 20:53:26.2 1.29 64.44 2131 PE. -
17 301196 11/8M91 22:07:514 1.98 65.23 22.71 P.E. -
23 325621 42092 12:40:05.1 1.68 64.01 23.55 - -
27 327190 4/16/92 10:21:42.6 2.34 64.18 20.64 EART -
32 336422 8/11/92 20:43:20.5 2.06 64.47 20.95 P.E. -
33 337513 8/3192 18:57:38.3 1.05 HM22 EXP -
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Table 87: Events found in the Helsinki bulletin for area 27

Event #

IMSorid | IMSorigintime | IMSml | HELlocation | HELIlab | Group
—_— et
34 338193 9/4/92 | 21:58:075 | 146 65.89 22.00 PE. -
35 340554 9/2892 14:48:53.5 142 65.01 2134 PE. -
Remarks:

- Only two events are really similar: events 15 and 16 that occurred in the Bothnian
Bay, on the same day.

- The other events look different from each other and their spread locations reflects
their diverse origin.




Mine and event locations:
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Figure 28: Mine and IMS event locations for area 27.
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Latitude: 64 - 66°N
Longitude: 24 - 26°E
Local maynitude range: -

Number of evenis in IMS2: 108

AREA 28

Number of events within the magnitude range: 108

Number of processed events: 83

Frequency range used to process the data: 3 - 16 Hz
Processed signal length: 11s. before P, 101s. after P

Number of reference events: 7

Table 88: Reference events for area 28

Event # IMS orid IMS arid IMS wfid Threshold Group
11 16856 727625 555043 0.84 A
75 341881 1481791 2776002 0.84 B
19 22198 782964 746397 0.83 C
78 344303 1505955 2858163 0.85 D
42 301329 1004387 1439950 0.80 E
17 21747 763641 756882 0.83 F
50 321822 1225658 1831221 0.81 -G

Reported mine locations:

Table 89: Mine locations for area 28

Label Latitude °N Longitude °E Origin
HM9 64.1 24.7 HELS
HM11 64.41 25.15 HELS
N106 64.41 25.15 NORW
HM22 65.78 24.70 HELS
N107 65.78 24.70 NORW
HA25 65.8 24.7 old_HELS
N120 65.90 24.47 NORW




Number of events found in the Helsinki bulletin: 55

Table 90: Events found in the Helsinki bulletin for area 28

Event# | IMS orid IMS origin time IMS ml HEL location HELlab | Group
|=--. —= —————t

1 3005 112190 | 14:17:565 | 1.40 65.15 | 25.69 - -
6 322356 2491 | 1227381 | 131 65.16 | 2547 : .
10 15958 32891 | 08:28:168 | 132 6442 | 2410 ] .
14 19218 41991 | 0731:520 | 126 6508 | 2556 . .
16 21337 seP1 | 1254528 | 120 6418 | 2402 : .
33 36903 82791 | 1225499 | 1.28 6509 | 2559 ] :
37 40215 9/1891 | 09:47:494 | 130 65.10 | 25.65 - .
38 40608 9201 | 0835161 | 124 6509 | 2558 2 .
48 32094 | 212892 | 13:41:534 | 107 6426 | 2431 - .
55 325707 4np2 | 0745421 | 140 65.11 | 25.59 : -
67 335816 | 81492 | 07:57:43.1 | 1.29 6510 | 25.65 = .
68 337507 | 8B1M2 | 1613574 | 1.08 6466 | 2436 . )
7 340308 | 9n8m2 | 13:07092| 1.60 6510 | 25.64 : .
26 25918 6n1p1 | 19:00:370 | 131 HM22 EXP .
35 38405 9681 | 17:04:507 | 1.78 HM22 EXP .
49 324243 | 31982 | 1256320 | 1.59 HM22 EXP .
52 323572 | 33192 | 1932296 | 1.08 HM22 EXP -
62 330907 | 61792 | 10:59:586 | 1.75 HM22 EXP :
64 332806 P2 | 1537072 | 119 HM22 EXP

65 333488 | 7/1692 | 09:01:58.5 | 1.43 HM22 EXP )
4 8870 172401 | 2003513 | 170 HA25 EXP A
11 16856 4581 | 1452344 | 162 HA2S EXP A
12 17653 4Pl | 17z0m2 | 152 HA25 EXP A
56 326832 4pp2 | 17:09:223 | 1.53 HM22 EXP A
69 339009 | 902 | 17:09374{ 174 HM22 EXP A
41 41890 921P1 | 1716151 | 135 HM22 EXP B
53 323515 | 38192 | 20:05:10.1 | 1.66 HM22 EXP B
61 39115 | 5P1/92 | 10:58:416 | 1.79 HM22 EXP B
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Table 90: Events found in the Helsinki bulletin for area 28

Event# | IMSorid | IMSorigintime | IMSml | HEL location | HELlab | Group
—_— — ———— —_—
15 19205 | 41981 | 17:01:543 | 1.84 HA2S EXP C
19 2198 | sp3pr | 1ese076 | 161 HA2S EXP c
25 25900 6191 | 18:56:11.8 | 2.00 HM22 EXP c
13 18124 | 4nim | 1924465 | 165 HA2S EXP D
23 2175 | spsm1 | 1706194 | 1.9 HA2S EXP D
2% us89 | spom1 | 1700254 | 181 HA2S EXP D
34 36911 | 82781 | 17:01:444 | 136 HM22 EXP D
70 339136 | 91792 | 17:08:41.4 | -999.00 HM22 EXP D
30 34956 | 81491 | 17:00297 [ 1.82 HM22 EXP E
31 35825 | 82181 | 10:59:435 | 1.0 HM22 EXP E
39 40685 | 9n20m1 | 1453201 | 1.29 HM22 EXP E
40 41703 | onem1 | 10:59:500 | 2.00 HM22 EXP E
42 301329 | umm | 1215357 | 1es HM22 EXP E
44 312860 | 1792 | 12:03:415 | 1.09 HM22 EXF E
2 8324 | 112690 | 19:57:273 | 156 HA25 EXP F
3 7627 1nsP1 | 155082 | 192 HA2S EXP F
7 13531 37191 19:48:41.5 1.45 HA25 EXP F
8 14943 | 3n9m | 1951352 | 148 HA25 EXP F
9 15755 | 327181 | 18:05:499 | 154 HA25 EXP F
17 21747 51P/1 17:03:59.7 1.70 HA25 EXP F
20 22654 511791 15:00:05.1 1.14 HA25 EXP F
29 34336 8/1391 17:05:43.8 1.54 HM22 EXP F
43 301251 | 1171281 | 15:57:544 | 145 HM22 EXP G
45 321011 2/28/92 16:14:35.0 1.53 HM22 EXP G
46 321744 | 3692 | 1814476 | 147 HM22 EN? G
50 321822 | 3p0m2 | 1819463 | 170 HM22 EXP G
57 324967 | ansp2 | 1858550 | 131 HM22 EXP G
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Events with the most reliable classification:

Table 91: Sorted events for area 28

Event i IMS orid IMS origin time IMS lat IMS lon IMS ml Group
| —————— ———————— e s e ————es |
4 8870 122491 20:03:51.3 | 65.8656 249151 1.70 A
11 16856 4/501 14:52:344 65.7620 24.6712 1.62 A
12 17653 4/1191 17:10:11.2 65.8296 242117 1.52 A
56 326832 49092 17:09:22.3 65.7227 25.0668 1.53 A
69 339009 9/10/92 17:09:37.4 65.7954 24.9621 1.74 A
41 41890 927191 17:16:15.1 65.6729 24.77173 1.35 B
53 323575 33192 20:05:10.1 65.8121 25.1158 1.66 B
61 329115 512192 10:58:41.6 65.5559 25.0345 1.79 B
72 340925 10/7/92 11:59:56.9 65.7325 25.0824 1.72 B
73 341278 10/13/92 16:02:18.7 65.8776 25.0708 1.49 B
75 341881 10/21/92 11:54:29.8 65.8524 24.9587 1.58 B
15 19295 4/1991 17:01:54.3 65.7607 25.1053 1.84 C
19 22198 5/13P91 18:50:07.6 65.8084 25.0236 1.61 C
25 25900 67191 18:56:11.8 65.7913 25.0167 2.00 C
59 327686 5/13/92 17:10:05.7 65.8478 24.7954 -999.00 C -
76 343317 11/12/92 19:51:15.9 65.8793 24.3314 1.49 C
13 18124 4/1791 19:24:46.5 65.7533 25.9013 1.65 D
23 24175 52891 17:06:19.4 65.8349 25.0865 1.69 D
24 24589 573091 17:00:25.4 65.8514 25.3562 1.81 D
34 36911 8/271P91 17:01:44.4 65.7524 24.9877 1.36 D
70 339136 9/1792 17:08:41.4 65.8272 25.0053 - D
78 344303 11/25/92 15:59:53.0 65.8583 25.1809 1.70 D
21 24022 52391 17:03:15.1 65.8041 24.9901 1.30 E
30 34956 8/1401 17:00:29.7 65.5767 25.4875 1.82 E
31 35825 812191 10:59:43.5 65.7527 25.7084 1.06 E
39 40685 9/2091 14:53:29.1 65.6215 25.0284 1.29 E
40 41703 9/26/91 10:59:59.0 65.8481 25.2756 2.00 E
42 301329 11/491 12:15:35.7 65.8468 25.6021 1.68 E
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Table 91: Sorted events for area 28

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group

= ——— = —_——— ——

4 312860 17192 12:03:41.5 65.5997 25.0222 1.09 E

2 8324 11/26/90 19:57:21.3 65.8014 25.2255 1.56 F

3 7627 1715891 11:55:08.2 65.8070 25.1888 192 F

7 13531 3np1 19:48:41.5 65.7870 25.4191 145 F

8 14943 31981 19:51:35.2 65.8721 25.174 148 F

9 15755 312191 18:05:49.9 65.8579 25.0173 154 F
17 21747 5/3p/1 17:03:59.7 65.7756 25.2348 1.70 F N

20 22654 517181 15:00:05.1 65.9917 25.3301 1.14 F

29 34336 8/13P1 17:05:43.8 65.7984 242873 154 F

p 43 301251 11/12/91 15:57:54.4 65.8152 24.8128 1.45 G

45 321011 2/28/92 16:14:35.0 65.8056 24.8523 1.53 G

46 321744 3/6/92 18:14:47.6 65.8021 24.894 147 G

50 321822 372092 18:19:46.3 65.7922 24.3537 1.70 G

57 324967 4/1592 18:58:55.0 65.8311 24.M73 131 G

328439 5/20/92 15:06:01.3 65.7000 25.0149 138 G

83 347185 1/5/93 17:53:25.6 65.9859 24.4278 1.64 G

Remarks:

- According to the Helsinki bulletin identification, all events in group A, B, C, D, E, F and
G originate from the same mine HM22 (HA25).

- The unsorted events have locations spread over the area. Most of them have low signal-
too-noise ratio or are mixed with another event.
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Mine and event locations:
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Figure 29: Mine and IMS event locations for area 28.
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Latitude: 64 - 66°N
Longitude: 26 - 30°E
Local magnitude range: -

Number of events in IMS2: 62

AREA 29

Number of events within the magnitude range: 62

Number of processed events: 44

Frequency range used to process the data: 5 - 16 Hz
Processed signal length: 10s. before P, 90s. after P

Number of reference events: 6

Table 92: Reference events for area 29

Event # IMS orid IMS arid IMS wfid Threshold Group
26 302298 1009376 1496989 0.90 A
5 14119 703299 475477 0.84 B
33 326412 1237387 2001654 0.81 C
16 22125 781981 744570 0.77 D
1 5806 526393 629008 0.86 E
18 23030 787126 784740 0.81 F

Reported mine locations:

Table 93: Mine locations for area 29

Label

Latitude °N Longitude °E Origin

HM10 64.1 27.1 HELS

HM8 64.12 28.06 HELS

N126 64.12 28.06 NORW
[old(HMB)} 64.1 28.1 old_HELS

HM25 65.8 28.1 HELS
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Number of events found in the Helsinki bulletin: 29

Table 94: Events found in the Helsinki bulletin for area 29

Bunt | Sorid [ IMSorigintme | MSml | HELiocation | HEL1b | Group
—2__T 11/15/90 18:01:43.5 1;6-0 HA25 T=-.
4 10023 11/29/90 11:09:33.5 1.55 old(HMS8) EXP -
21 26092 6/13M91 09:09:29.2 1.28 64.28 2193 - -
22 27958 6/18/91 14:24:16.7 1.07 HMS8 EXP -
25 301795 11/19/91 14:03:50.8 1.46 HMS8 EXP -
28 313081 1/25/92 03:14:483 1.77 65.74 27.09 PE. -
29 319373 2/19/92 15:43:41.2 1.29 65.21 25.65 - -
30 319295 2/18/92 12:00:41.5 1.89 64.22 2747 - -
34 327304 51892 08:04:17.0 1.33 65.13 25.69 - -
36 328556 521192 11:33:03.2 1.17 65.18 25.87 - -
38 328680 52292 08:26:07.1 2.06 65.84 28.87 EART -
26 302298 12/491 13:17:35.6 1.48 HMS EXP A
5 14119 3/1291 12:14:134 1.52 old(HM8) EXP B
7 16776 4/2/91 11:29:50.1 1.42 64.24 2796 - B
8 18599 4/1691 10:52:50.0 1.64 old(HMS8) EXP B
11 22196 5/6/91 14:55:013 1.67 64.26 2796 - B
32 324831 4/15/92 15:10:413 1.12 HMS EXP C
35 328210 5/18/92 13:17:53.8 1.37 HMS8 EXP C
6 14427 32091 14:10:58.7 1.03 old(HM8) EXP C
19 23465 52291 11:26:09.1 1.61 65.06 25.73 - D
31 324904 4/192 13:03:284 1.43 65.10 25.36 - D
39 330139 6/10/92 12:50:26.7 1.40 65.09 25.70 - D
1 5806 11/15/90 14:11:25.0 1.40 65.19 25.81 - E
10 21860 53391 07:35:254 1.27 65.15 25.7 - E
23 319373 2/19/92 15:43:41.2 1.29 65.21 25.65 - E
9 19829 4/25M91 11:31:16.0 1.69 64.89 26.37 - F
12 21781 57191 08:36:25.8 1.36 64.87 26.47 - F
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Table 94: Y<vents found in the Helsinki bulletin for area 29

Bl | IMSorid |  IMSorgintime | MSml | HELlocation | HELIab | Group
14 22604 | S5/1091 | 05:04:021 | 149 6501 | 2544 ; T F
18 23030 5/17/91 06:18:38.0 1.38 64.85 2599 - F

Events with the most reliable classification:

Table 95: Sorted events for area 29

. ) &G & G &G &G & O & & & &

Event # IMS orid IMS origin time IMs lat IMS lon IMS ml Group

26 302298 12/451 13:17:35.6 64.2212 27.9764 1.48 A

27 303328 1/392 10:34:51.5 64.2715 28.1714 1.59 A

5 14119 3/1291 12:14:134 64.2250 28.5060 1.52 B

7 16776 4291 11:29:50.1 64.1935 28.0010 142 B

8 18599 41691 10:52:50.0 64.2717 27.8544 1.64 B

11 22196 5/6/91 14:55:01.3 64.3083 28.4076 1.67 B

6 14427 372091 14:10:58.7 64.0889 27.9812 1.03 C

32 324831 4/1592 15:10:41.3 64.0018 27.7858 1.12 C

33 326412 412992 13:04:20.5 65.5002 28.5165 0385 C

35 328210 shgp2 13:17:53.8 64.0260 28.2639 137 C

44 345364 12/1192 13:32:24.8 64.9340 29.6531 1.83 C

16 22125 3n3p1 09:5¢:59.8 65.1374 26.2735 135 D

17 22868 5/1691 11:41:26.2 65.8739 26.2947 1.13 D

- iy T 23485 52291 11:26:09.1 65.1247 26.0420 1.61 D

20 ‘ 24793 513191 09:34:41.0 65.1872 26.0845 134 D

4 36185 8/2391 20:01:59.9 65.1477 26.4854 099 D

. 31 324904 4/192 13:03:284 65.1798 26.1041 143 D

39 330139 6/1092 12:50:26.7 65.2162 26.2577 1.40 D

. 1 5806 11/1580 14:11:25.0 65.1510 26.1431 140 E

10 21860 5/381 07:35:254 65.1929 26.0641 1.27 E

. 23 35796 812091 17:59:15.3 65.1836 26.1148 131 E

9 19829 425/ 11:31:16.0 64.9855 27.3959 1.69 F

! 12 21781 57191 08:36:25.8 65.0623 26.3808 1.36 F
i
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Table 95; Sorted events for area 29

Event # IMS orid IMS origin time IMs lat IMS lon IMS ml Group
14 22604 SI0P1 | 05:04:02.1 | 649271 | 269928 | 149 F
18 23030 sn7e1 | 06:18:38.0 | 65.043¢ | 26.4565 138 F
42 343478 | unem2 | 1322379 | 646468 | 281205 ] F
Remarks:

- Several events from groups A, B and C were identified as being from the same
mine HM8 according to the Helsinki tulletin.
- The locations of the events from groups D, E and F form a cluster on the West
part of the map shown in Figure 30. No mine has been reported close to these

events.
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Mine and event locations:

Figure 30: Mine and IMS event locations for area 29.
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Latiwde: 64 - 66°N
Longitude: 30 - 36°E

Local magnitude range: > 2.0
Number of events in IMSZ: 155

AREA 30

Number of events within the magnitude range: 89

Number of processed events: 68

Frequency range usec, to process the data: 3 - 16 Hz
Processed signal length: 11s. before P, 101s. after P

Number of reference events: 8

Table 96: Reference events for area 30

Event # IMS orid IMS arid IMS wfid Threshold Group
53 327905 1276393 2048914 0.70 A
46 315353 1164717 1671642 0.79 B
35 301860 1006904 1424422 0.81 C
49 320979 1215815 1820571 0.79 )]
30 300151 1000359 1287842 0.80 E
62 338267 1429351 2655546 0.81 F
52 325447 1235151 1974906 0.80 -G
31 301009 1003623 1431418 0.79 H

Reported mine locations:

Table 97: Mine locations for area 30

Label Latitude °N Longitude °E Origin
HC17 64.7 30.7 old_HELS
HV10 64.68 30.66 HELS




Number of events found in the Helsinki bulletin: 58

Table 98: Events found in the Helsinki bulletin for area 30

Event# | IMS orid IMS origin time IMS ml HEL location HEL Iab | Group

21 | 29369 | 71081 | 2az1ss | 240 | HVI0 x| -
7 7024 122890 | 1031:136 | 223 HC17 EXP A
13 16671 3991 | 16:12:407 | 226 HC17 EXP A
14 16669 | 3n9m1 | 1613015 | 230 HC17 EXP A
15 19725 | aam1 | 1159392 | 235 | e474 | 3077 | PoB A
18 24848 | spid1 | 1040372 | 253 | 6464 | 3084 i A
20 28157 6/26P1 | 11:00:133 | 2.67 HV10 EXP A
7 35834 | 821M1 | 1315575 | 204 HV10 EXP A
29 16719 82891 | 12:00317 | 225 HV10 EXP A
37 302406 | 112991 | 11:00270 | 247 HV10 EXP A
42 302974 | 1271881 | 11:01:284 | 225 HV10 EXP A
a4 313144 | 11082 | 11:02143 [ 250 HV10 EXP A
45 313692 | 11782 | 11:00314 | 230 HV10 EXP A
50 325713 anp2 | 904524 | 262 HV10 EXP A
53 327905 | snse2 | 0922222 | 220 HV10 EXP A
54 329812 6592 | 09:01:280 | 2,06 HV10 EXP A
57 332865 | 71092 | 10:00:09.4 | 232 HV10 EXP A
58 133605 | 71782 | 10:00:577 | 231 HV10 EXP A
9 7858 e6m | 1010545 | 215 HC17 EXP B
12 15113 32091 | 12:07:558 | 238 HC17 EXP B
2% 31673 4P | 10:00059 | 249 HV10 EXP B
28 35835 gp1 | 1316169 | 221 HV10 EXP B
38 302781 | 12/6M1 | 10:14:502 | 2.8 HV10 EXP B
46 315353 | 18192 | 10:00:445 | 262 HV10 EXP B
60 334046 | 7222 | 09:00012 | 208 HV10 EXP B
1 14366 Y13/ | 10:01:284 | 2.8 HC17 EXP C
19 25678 6591 | 1221:081 | 203 HV10 EXP C
35 301860 | 112091 | 11:05:58.8 | 2.1 HV10 EXP C
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Table 98: Events found in the Helsinki bulletin for area 30

Event# | IMS orid IMS origin time IMS mli HEL location HEL lab | Group
— — — e — _
25 30078 M2/ 11:40:17.3 262 HV10 EXP D
40 302703 12/1191 11:16:29.8 2.13 HV10 EXP D
47 319402 212192 11:01:53.5 272 HV10 EXP D
49 320979 311892 | 10:00:36.1 2.67 HV10 EXP D
51 324430 4/10/92 11:00:47.8 238 HV10 EXP D
55 331053 6/19/92 09:12:53.5 2.01 HV10 EXP D
56 332632 7/8/92 09:00:08.8 222 HV10 EXP D
2 9494 11/28/90 | 12:01:184 21 HC17 EXP E
3 42209 12/550 11:47:08.3 226 HC17 EXP E
p/ 30075 mam 11:00:12.2 2.62 HV10 EXP E
30 300151 107291 14:31:253 241 HV10 EXP E
33 301385 11/6/91 11:22:24.9 236 HV10 EXP E
5 314418 12/21/90 | 12:00:34.5 254 HC17 EXP E
6 7261 12/25/90 | 11:00:38.3 2.05 HC17 EXP E
61 336551 8/2192 09:09:29.4 207 64.61 30.71 - B
10 11188 1/1891 10:00:07.5 223 HC17 EXP F
17 23101 5nip1 10:30:23.2 235 64.73 3093 - F
48 319737 3/4/92 11:20:19.2 2.2 HV10 EXP F
62 338267 9992 11:00:32.4 204 64.83 30.76 - F
1 5892 11/16/90 | 12:41:204 2.65 HC17 EXP G
4 300010 12/190 10:02:26.1 241 HC17 EXP G
8 6314 17891 10:41:03.1 2.58 HC17 EXP G
34 301671 11/15/81 11:04:11.6 231 HV10 EXP G
36 301977 112291 11:00:28.6 221 HV10 EXP G
39 302782 12/6/91 10:36:24.2 227 HV10 EXP G
41 302847 12/1391 11:22:05.9 245 HV10 EXP G
43 303526 12/2581 11:04:46.1 2.68 HV10 EXP G
52 325447 4/2292 09:00:25.3 244 HV10 EXP G
31 301009 11/191 11:00:14.3 2.06 HV10 EXP H
32 301013 11/1/91 11:00:20.7 2.1 HV10 EXP H
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Events with the most reliable classification:

Table 99: Sorted events for area 30

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
——————————————— —— — —— —— = |
7 7024 12/28/90 10:31:13.6 64.7131 30.9240 2.23 A
13 16671 312991 16:12:40.7 64.5862 31.3631 2.26 A
14 16669 3/2991 16:13:01.5 64.8205 30.6343 230 A
15 19725 42491 11:59:392 64.7111 30.4908 2.35 A
18 24848 53191 10:40:37.2 64.7029 30.8697 253 A
20 28157 6/26/91 11:00:13.3 64.7586 30.4693 2.67 A
21 29369 7/10091 12:32:18.9 64.7475 30.6243 240 A
22 29368 71091 12:32:21.8 64.6918 31.1169 2.39 A
27 35834 8/2191 13:15:57.5 64.9965 30.4838 2.04 A
29 36719 8/2891 12:00:31.7 64.6505 31.0328 2.25 A
37 302406 1172991 11:00:27.0 64.7167 30.7461 2.17 A
42 302974 12/1891 11:01:284 64.7268 30.6293 225 A
4 313144 1/1092 11:02:14.3 64.7120 304328 250 A
45 313692 11792 11:00:31.4 64.7104 30.7984 230 A
50 325713 4392 09:04:52.4 64.6812 30.6402 262 A
53 327905 5/15/92 09:22:22.2 64.6953 30.6164 2.20 A
54 329812 6/5/92 09:01:28.0 64.8280 31.1102 2.06 A
57 332865 71092 10:00:09.4 64.6169 30.8007 232 A
58 333605 min2 10:01:57.7 64.8242 30.8389 231 A
65 343216 11/1192 10:21:09.3 64.6721 31.2514 2.05 A
66 34\?&‘678 11/18/92 10:20:07.6 64.6116 31.0726 2.69 A
67 345017 12/5/92 12:07:15.0 65.7648 33.8363 219 A
9 7858 1/16/91 10:10:54.5 64.6787 30.8695 2.15 B
12 15113 372091 12:07:55.8 64.7100 30.7454 2.38 B
16 20326 4/3091 11:59:38.2 64.7447 31.4725 2.36 B
26 31673 72491 10:00:05.9 64.6904 30.9374 249 B
28 35835 812191 13:16:16.9 64.9362 30.5581 2.21 B
38 302781 12/6/91 10:14:50.2 64.7089 30.6132 2,08 B
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Table 99: Sorted events for area 30

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
46 315353 | 1pIPZ | 1000445 | eiast | e | 262 | B |
60 334046 712292 09:00:01.2 64.6203 31.0863 2.08
11 14366 3/13P1 10:01:28.4 64.7254 30.5257 2.08 C
19 25678 6/5/1 12:21:08.1 64.7494 30.9318 2.03 C
35 301860 112091 11:05:58.8 64.6957 30.7064 21 C
25 30078 M2/ 11:40:17.3 64.7460 30.5994 2.62 D
40 302703 12/11/81 11:16:29.8 64.6979 30.8758 213 D
47 319402 22192 11:01:53.5 64.6721 30.8014 272 D
49 320979 3n8m2 10:00:36.1 64.6432 31.3529 267 D
51 324430 41092 11:00:47.8 64.6151 30.6847 238 D
55 331053 6/19/92 09:12:53.5 65.0195 31.3989 201 D
56 332632 7/8/92 09:00:08.8 64.6028 31.0929 222 D
2 9494 11/28/90 12:01:18.4 64.7161 30.3620 277 E
3 42209 12/5/50 11:47:08.3 64.8508 30.5819 226 E
5 314418 12/21/90 12:00:34.5 64.6424 31.0487 254 E
6 7261 12/25/90 11:00:38.3 64.7310 30.4597 2.05 E
4 30075 71291 11:00:12.2 64.6470 30.7655 2.62 E
30 300151 107291 14:31:25.3 64.7046 30.5705 241 E
33 301385 11/6/91 11:22:24.9 64.5590 31.3018 236 E
61 336551 82192 09:09:29.4 64.6493 31.2611 207 E
10 11188 171891 10:00:07.5 64.6339 31.3025 223 F
17 23101 NP1 10:30:23.2 64.6549 31.1682 235 F
48 319737 3/4/92 11:20:19.2 64.6584 31.1588 222 F
62 338267 9/9/92 11:00:32.4 64.6602 30.9094 204 F
1 5892 11/16/90 12:41:20.4 64.6455 30.8761 2.65 G
4 300010 127790 10:02:26.1 64.8053 31.4884 241 G
8 6314 1/8/91 10:41:03.1 64.7149 30.9548 2.58 G
34 301671 11/15091 11:04:11.6 64.4891 31.6611 231 G
36 301977 112291 11:00:28.6 64.7114 30.4926 221 G
39 302782 12/691 10:36:24.2 64.7337 30.4234 227 G
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Table 99: Sorted events for area 30

Event # IMS orid IMS origin time IMS lat IMS lon IMS ml Group
a1 302847 | 121381 | 1122059 | 646793 | 306006 | 245 G
43 303526 | 122581 | 11:04:461 | 64.6965 | 303746 2.68 G
52 325447 | a4pam2 | 09:00:253 | ese182 | 306175 2.44 G
64 342150 | 102392 | 09:59:218 | 649698 | 30.6289 204 G
68 346136 | 1279092 | 10:00:269 | 650663 | 31.0947 201 G
31 301000 | 111m | 11:00:143 | 647579 | 30.6924 2.06 H
32 301013 | 1181 | 11:00:207 | 647151 | 31.1655 2.11 H
63 341475 | 10n6m2 | 11:59:243 | 647025 | 314826 2.18 H
Remarks:

- According to the Helsinki bulletin, most of thes« «vents come from mine HV 10.
- The IMS locationsof these events are close to this mine, except for event 67
located in the North-East of the map (Figure 31). The IMS expert solution for the
location of this event was labeled by the analyst as being poor, but was still vali-
dated.
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Mine and event locations:
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Figure 31: Mine and IMS event locations for area 30.
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The following table gives the list of the processing parameters used to perform the

wavefom comparison for each area. Latl, Lat2, Lonl, and Lon2 give the limits of each
area. Lfc and Hfc give the low frequency and the high frequency comer in Hz, respec-
tively, used in the filtering. Sbf and Saf give, in seconds, the time before the first arrival
and the time after the first arrival, respectively, defining the signal length.

Table 100: Processing parameters for ARCESS data

Area | Lat | La2 | Lom | Lon2 | Ltk Hic | Sbf Saf
1 70 72 18 2 2 6 | 4 | 38
2 70 72 2 28 3 16 4 34
3 70 72 28 32 1 16 4 34
4 68 70 12 18 5 16 9 84
5 68 70 18 2 2 16 6 56
6 68 70 22 2% 2 16 4 39
7 68 70 2% 30 1 16 5 45
8 68 69 30 ) 3 16 8 7
9 68 68.5 32 34 2 16 8 68
10 68.5 69 32 3 3 16 7 61
1 69 0 30 31 1 16 6 51
12 69 70 31 ) 2 16 5 47
13 69 70 32 34 2 16 7 59
14 68 70 34 38 3 16 9 79
15 66 68 3 38 2 16 9 79
16 67 68 32 3 1 16 10 86
17 67 68 32 33 25 16 10 85
18 66 67 30 % | 3 1€ W 7
19 66 68 2% 32 2 s e | s
20 66 68 26 30 3 ) 1 s e
21 66 68 22 2% 3 ‘g‘“‘i‘;"‘ 2 8|
2 66 67 18 2 | s | o ) 8 | & |
23 67 67.5 18 2 “..,_.‘},_._:;_ )
24 61.5 68 18 2 | 3 | 15 [ " se |
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Table 100: Processing parameters for ARCESS data

Area Latl La2 Lonl Lon2 Lfc Hfc Sbf Saf
e — e = o |
25 66 68 12 18 3 16 11 101
26 64 66 10 18 3 16 11 101
27 64 66 18 24 3 16 11 101
28 64 66 24 26 3 16 11 101
29 64 66 26 30 5 16 10 90
30 64 66 30 36 2 16 12 107

a. A band reject filter between 5 and 6 Hz would more appropriate to filter the events from this area.
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The mine locations provided in this appendix cover more than the studied area.
Distance 1 defines the distance to the ARCESS array in degrees and Distance 2, in kilome-
ters. Mines are ordered by increasing longitude.

Table 101: SPOT mine locations

Label Latitude Longitude Distance 1 Distance 2 Azimuth
SBS 59.230 24.235 10.36 1238.710 2.49
SB1 59.242 24.329 1035 1237.03 2.30
SB11 59.243 27.833 10.38 1241.14 355.45
SB9 59.269 27.732 1035 1237.55 355.64
SB10 59.306 21.626 1031 1232.64 355.83
SB7 59.325 27272 10.28 1228.91 356.52
SB6 59.327 27.070 10.27 122797 356.91
‘_ SB12 59.364 28.365 10.29 1229.58 354.36
l SB14 59.369 28.527 10.29 1229.98 354.04
SB13 59.370 28.428 1028 1229.24 354.24
l SB2 59.407 24.591 10.18 1216.68 1.82
; SBS 59.446 26.486 10.14 1212.13 358.04
' SB16 59.482 29.930 1027 1227.52 351.25
SB15 60.019 29.742 9.72 1162.13 35115
' SC3b 60.581 29.064 9.11 1089.55 352,08
SC3a 60.599 29.073 9.10 1087.48 352,04
l SC2 60.699 29.178 9.01 107648 351.73
| SCla 60.747 28.836 8.93 1068.01 352.44
' SClc 60.749 28.854 8.93 1067.91 352.40
| SC1b 60.753 28.846 8.93 1067.37 352.41
I SCO 60.816 28.711 8.86 1058.85 352.66
: SC4c 60.843 28.989 8.85 1057.81 352.02
. SC4b 60.849 28.979 8.34 1057.02 352.03
SCaa 60.851 28.991 8.84 1056.88 3200
l SC19 60.852 30.096 8.93 1067.13 349.55
I
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Table 101: SPOT mine locations

Label Latiide | Longitsde | Distancel | Distance?2 Azimuth
JT%W;——E'—F:&TT_‘T 351.50
T s 60.961 29312 8.7 1046.56 351.18

SC8 60.969 28.880 8.72 1041.96 352.15

SC9 60.974 29.054 8.72 1042.79 35175

SC10 60.985 29.275 8.73 1043.39 35124

SCSb 60.999 29.026 8.70 1039.59 351.79

SCsc 61.005 29.043 8.69 1039.02 351.74

SCsa 61.008 29.016 8.69 1038.43 351.80

SCllc 61.120 29.902 8.65 1033.47 349.67

SC11b 61.132 29.823 8.63 1031.23 34983

SClla 61.133 29.845 8.63 1031.34 349.78

sC12d 61.199 29.721 8.55 1022.34 349.97

SC12c 61.201 29.731 8.55 1022.15 349.96

SC12b 61.204 29.727 8.55 102175 349.97

SCl2a 61.208 29.727 8.54 1021.28 349.9

sc13 61.270 29.804 8.49 1014.74 34971

5C14 61.604 31.283 831 993.565 345.82

sC17 61.664 31.654 8.30 991958 344.87

SC15b 61.666 31144 8.24 984.421 346.04

SCl5a 61612 - 31.139 8.23 83.653 346.04

SC16 61.691 31274 823 983.321 345.70

SC18b 61.946 30.606 7.90 944.600 346.85

SC18a 61.952 30.575 7.89 943.502 346.92

SD44 67.607 33.486 351 419.675 307.12

SD43 67.645 32912 331 396.102 308.34

SD42 67.159 32.824 322 384.554 307.03

SD41 67.803 32.781 318 379.824 306.53

SD49 67.889 34.566 3.69 441618 300.73

182




1
|
Table 101: SPOT mine locations
‘ l Label Latitude Longitude | Distancel | Distance2 |  Azimuth
P == SR o S M S———
SD40 67.893 33.029 3.20 382.702 304.46
l SD50 67.895 34,615 3.71 443.158 300.55
SD47 61916 | 34385 3.62 432,924 300.75
l SD48 61926 34.486 3.65 436.243 300.40
SD46 68.006 34.697 3.68 439.762 298.89
l SD45 68.019 34,349 3.56 425319 299.39
! SD39 68.040 33.229 3.18 380.626 301.68
l SD38 68.082 33219 3.16 377.616 301.06
_ SD37 68.112 32.986 3.07 366.807 301.2¢
l SD35 68.120 33.400 3.20 382.288 300,01
SD36 68.133 33.162 3.11 372.289 300.40
l SD34 68251 33.267 3.09 369.437 298.24
SD33 68.268 33.403 3.13 373.830 297.65
l SD32 68.700 33.125 2.86 341371 290.61
SD31 68.791 33.146 2.83 338.543 288.84
l SD30 68.792 33.133 2.83 337.969 288.84
SD29 68.872 33.025 2.76 330.521 28743
l SD28 68930 33.09 277 331.448 286.18
SD18 68.932 34.938 341 408.182 284.60
l SD27 68.943 32,965 272 325.576 286.08
SD26 68.997 32.871 2.68 319927 285.07
l SD25 68.999 32910 2.69 321488 284.99
SD23 69.012 33.641 2.94 351.583 284.07
' SD24 69.013 32.939 2.70 322265 284.67
sD22 69.034 33.506 2.89 345.307 283.75
@ SD21 69.060 33.484 2.87 343.658 283.26
SD17 69.064 35.008 3.41 407.414 282.40
l SD16 69.070 35.008 341 407.260 282.30
i
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Table 101: SPOT mine locations

Label Latitude Longitude Distance 1 Distance 2 Azimuth
SD20 69.093 33.482 2.87 342.686 ﬁ
SD19 69.111 33.594 2.90 346.913 282.20
SD15 69.223 33.168 2.73 326.429 280.16
SD14 69.256 33.106 2.70 323.149 219.49
SD12 69.276 32.811 2.60 310.367 279.16
SD13 69.286 32903 2.63 314.044 27891
sni 69.299 32.721 2.56 306.157 278.68
SD4 69.329 30.019 1.61 192.217 279.50
SD2 69.367 30.093 1.63 194.620 278.09
SD3 69.368 30.134 1.64 196.324 278.02
SD7 69.398 30.614 1.81 216.018 276.75
SD8 69.401 30.847 1.89 225.767 276.58
SD9 69.409 30.953 1.93 230.115 276.31
SD10 69.410 32.135 234 279.794 276.17
SD6 69.432 30.527 177 211918 275.69
SD5 69.435 30.531 1.77 212,051 275.59
SD1 69.597 30.049 1.60 190.838 269.89

Two tables are provided for the Helsinki mine locations. The locations shown in
Table 102 started to be used at the beginning of June 1991. A mapping between the new
Helsinki locations and the old Helsinki locations is proposed in this table. Certain mines
can have up to four different locations reported in the Helsinki bulletin; only the most fre-
quent are listed. Locations given with one decimal were obtain by averaging seismic loca-
tions; locations with two decimals were obtain from the SPOT imagery.

Table 102: Helsinki mine locations

Label Old label Latitude Longitude | Distance 1 Distance 2 | Azimuth
HE1 HB1 59.24 24.33 10.35 1237.270 2.30
HESA HB9 59.24 27.83 10.39 1241.480 35546
HES HB9 59.27 21.73 10.35 1237.420 355.64
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Table 102: Helsinki mine locations

Label Oldlabel | Latitide | Longitude | Distance1 | Distance2 | Azimuth
| il Sl Wi ol = e =
HE6A HB10 593 275 1031 1232810 | 35608
HE7 HBI1 593 28.1 1034 | 1235700 | 35491
HE6 HBI0 59.31 21,63 1031 1232.180 | 35582
HE4 HB6 59.33 2127 1028 | 1228310 | 356.52
HE4A HB6 59.33 27.07 1027 | 127610 | 35691
HE12A HBI2 59.36 2837 1029 | 1230080 | 35435
HEI2 HBI2 59.37 2843 1028 | 1229260 | 35423
HES HB13 59.37 28.53 1020 | 1229880 | 35404
HE2 HB2 59.41 2459 1018 | 1216320 | 182
HE9 HBS 59.45 26.49 1014 | 1211660 | 35803
HE3 HB3 59.5 250 1008 | 1204910 | 102
HE1I HB16 59.6 300 1016 | 1214190 | 35101
HE10 HB15 60.0 299 9.75 1165860 | 35085
HE10A HBIS 60.02 29.74 9.72 1161990 | 35115
HMI HAI 60.17 2384 943 1127390 | 358
HM3 HA2 60.30 229 937 1120340 | 696
HVII HC3 60.6 292 9.11 1088420 | 35177
HVI2 HC1 60.7 287 897 1072570 | 35278
HV5 HC2 60.7 29.0 8.9 1074890 | 35212
HVI13 HC? 60.8 295 8.93 1067350 | 35092
HVIB HC4 60.8 293 891 1065550 | 35136
HVIA HC6 60.9 294 8.82 1054.50 | 35104
HVIC HCS 609 293 8.81 1053.690 | 35126
HV2 HC11 61.1 303 8.70 1040.140 | 34880
HV8 HCl1 61.1 299 8.66 1035800 | 349.70
HM2 HA3 61.33 23.03 830 992660 | 604
HV4 HC14 614 316 8.5 1021780 | 34545
HV6 HC15 614 343 8.94 1068340 | 33975
185




Table 102: Helsinki mine locations

Label Old label Latitude Longitude Distance 1 Distance 2 Azimuth
HV3 HCI2 61.5 304 | 83z | 99428 | 34803
HMS HA4 61.6 217 8.12 970875 951
HM26 HAS 61.64 24.26 795 949.899 3.17
HM4 HA6 619 215 7.84 937384 | 1037
T HV? HCI3 619 306 795 949899 | 34694
HM27 ) 61.94 29.03 776 928021 | 350.79
HMS6 HA7 62.07 27.41 7.54 901.123 | 354.89
HV9 HCI6 622 343 8.19 978847 | 137.82
HMIS5 HAS 62.5 30.1 731 873457 | 347.20
HM21 HA9 62.6 236 701 837.805 5.50
HM20 HAI0 621 232 693 828.226 6.74
HM14 HAII 62.8 29 6.85 818.395 771
HMI2 HAI2 62.83 29.25 6.90 825018 | 34898
HMI8 HAL4 63.0 268 6.59 787.184 | 35603
HM19 HAI3 63.02 29.23 671 802434 | 34873
HM7 HAIS 63.12 2174 651 m.713 | 35305
HM17 HA16 63.16 21.99 6.48 774690 | 35224
HM23 HAIS 633 293 6.4 770283 | 34803
HM16 HAL7 63.4 273 6.20 741663 | 35415
TM13 HAL9 63.66 26.05 591 705992 | 358.14
[ hira HA20 63.85 25.05 571 683.054 1.61
[ HMmI10 HA22 64.1 27.1 550 656995 | 354.14
HM9 HA21 64.1 2.7 547 653.804 297
HMS HA23 64.12 28.06 553 661291 | 35064
HMI11 HA24 64.41 25.15 5.15 615717 139
HV10 HC17 64.68 30.66 527 630425 | 339.89
HM?22 HA25 65.78 24.70 3.79 452.502 430 |
HM25 HA26 658 28.10 3.88 463898 | 346.40
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Table 102: Helsinki mine locations

Label Old label Latitude Longitude | Distance 1 | Distance2 | Azimuth
HR3 | HE ZAD 090 | 297 354734 | 3306
HR1 HE1 67.18 20.67 297 354.764 34.94
HK8 HDI1 67.56 30.44 2.69 321.321 319.83
HKS HD10 67.6 342 3.74 446.567 305.31
HKIA HD8/HD9 67.63 33.84 3.61 431.064 305.85
HK2 HD8/HD9 67.64 34.02 3.66 437.065 305.26
HK2A HD8/HD9 67.64 33.88 3.61 431.848 305.62
HR2 HE2 67.65 21.00 251 300478 39.05
HK1 HD8 67.67 33.74 3.55 424,547 305.59
HK7 HD3 67.7 314 284 339.396 313.18
HM28 - 61.79 2443 1.80 214.830 12.16
HR4 HE2 67.8 20.2 261 311.740 45.63
HK4 HD6 68.16 33.18 i 371.356 299.93
HK11 HDS 68.87 23.03 2.77 330.799 287.46
HK10 HDI12 69.2 347 327 391.275 280.18
HK12 HD7 69.23 33.17 273 326.366 280.01
HK9 HDI11 69.3 344 315 376.717 278.44
HK3 HD2 69.4 308 1.87 223.806 276.63
HK6 HD4 69.6 323 239 285.180 271.61
HN1 HF1 69.6 299 1.54 184.594 269.63
Table 103: Old Helsinki mine locations
Label Latitude Longitude Distance 1 Distance 2 Azimuth
HB9 59.2 27.6 10.417 1158.32 355.924
HB1 59.3 244 10.289 1144.09 2.178
HB10 593 27.6 10.317 1147.2 355.884
HB11 59.3 28.1 10.337 1149.43 354910
HB6 59.3 27.2 10.303 1145.65 356.667
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Table 103: Old Helsinki mine locations

Label Latitude Longitude Distance 1 Distance 2 Azimuth
HB12 594 | 284 T 10252 113998 | 354.273
HBI13 59.4 28.5 10.257 1140.53 354.078
HB2 59.4 2.6 10.185 1132.53 1.802
HB3 59.5 25.0 10.080 1120.85 1.016
HBS 59.5 2.5 10.086 1121.52 358.003
HB16 59.6 30.0 10.157 1129.41 351.009
HB15 60.0 29.9 9.753 1084.49 350.847
HAI 602 23.1 9.429 1048.46 5.170
HA2 604 2.4 9.266 103034 6.197
HC3 60.6 29.2 9.105 1012.43 351.767
HC1 60.7 28.7 8972 997.645 352.781
HC2 60.7 29.0 8992 999.869 352.117
HC4 608 29.3 8914 991.196 351.361
HC7 60.8 29.5 8.929 992.864 350.918
HCS 60.9 29.3 8815 980.187 351.264
HC6 609 29.4 8.822 980.966 351.040
HC10* 61.1 39.9 10351 1150.98 330.883
HCI1 61.1 302 8.692 966.51 349,020
HA3 614 2.8 8.246 916917 6.647
HC14 61.4 31.6 8.548 950.498 345.450
HC15 61.4 343 8937 993.753 339.749
HC12 61.5 30.4 8318 924.923 348.028
HA4 61.6 21.7 8.122 903.129 9.511
HAS 616 22 7.988 438.229 3.306
HA6 619 21.5 7.842 871.994 10375
HCI3 619 30.6 7.946 883.559 346.944
HA7 62.1 274 7.508 §34.855 354.895
910.468 337.819




Table 102: Old Helsinki mine locations

Label Latitude Longitude Distance 1 Distance 2 Azimuth
HAS | 625 | a0u 7.307 812505 |  347.203
HA9 62.6 23.6 7.009 779.369 5.501

HA10 62.7 23.2 6928 770362 6.736

HAIl 62.8 2.9 6.846 761.244 7.709

HA12 62.8 29.3 6936 771.251 348.887
HAI3 629 28.7 6.787 754.683 350.455
HAl4 63.0 2.8 6.585 732222 356.028
HAIS 632 27.8 6.430 714.986 352.777
HAI6 632 28.1 6.448 716.988 351.850
HAL7 63.4 21.3 6.204 689.856 354.152
HAI8 63.5 29.6 6.277 697.974 346.723
HA19 63.7 26.0 5.865 652.161 358.299
HA20 638 25.1 5.764 640.93 1.421

HA21 64.1 24.7 5.469 608.128 2.975

HA22 64.1 27.1 5.496 611.13 354.136
HA23 64.2 28.0 5.448 605.793 350.723
HA24 644 25.2 5.160 573.768 1.196

HC17 64.7 30.7 5.261 584.999 339.680
HA25 65.8 24.7 3.765 418.651 4319

HA26 658 28.1 3.881 431.549 346.396
HE1 67.1 20.6 3.049 339.035 34.430
HDI 616 30.5 2.672 297.114 318.953
HD10 676 4.2 3.736 415.426 305.315
HD9 67.6 34.0 3.673 408421 305.819
HD3 61.7 31.4 2.839 315.684 313.183
HD8 61.7 33.7 3.522 391.63 305.303
HE2 61.7 21.0 2475 275.209 39.783

HD6 68.1 33.2 3.143 349.487 300.827




Table 103: Old Helsinki mine locations

Label Latitude Longitude Distance 1 Distance 2 Azimuth
HDS 6838 33.0 2719 | w01z | 288881
HDI12 69.2 17 3273 363.943 280.184
HD7 69.2 333 2,781 309.234 280.580
HD11 69.3 344 3.151 350.377 278.445
HD2 Y 30.8 1.872 208.158 276.626
HD4 . 2.3 2.386 265.312 271.612
HF1 696 299 1.544 171.686 269.630
a. This mine does not have a corresponding new location.
Table 104: Norwegian mine locations
Label Latitude Longitude Distance 1 Distance 2 Azimuth
N15 58.300 6.400 13.96 1669.200 2849
N205 58.800 15.100 11.67 1394.550 18.31
N206 59.300 15.400 11.14 1331.810 18.63
N209 59.700 14.100 10.99 1313.850 21.40
N16 59.750 10.770 11.63 1390.170 26.35
N14 59.900 10.500 11.56 1381.420 27.04
N208 60.000 14.800 10.58 1265.070 20.84
N109 60.100 22.880 9.54 1140.350 5.58
N207 60.100 15.000 10.45 1249.600 20.70
N202 60.120 17.520 10.03 1199.380 16.29
N121 60.140 22.590 9.51 1137.360 6.21
NI110 60.170 23.840 9.43 1127.390 3.58
N204 69.185 16.115 10.18 1217.390 18.94
N203 60.200 16.130 10.17 1215.390 18.94
N111 60.250 25.390 9.32 1114.700 0.25
N112 60.270 24.070 9.32 1114.610 3.12
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Table 104: Norwegian mine locations

Label Latitude Longitude Distance 1 Distance 2 Azimuth
— N3 | 60300 22.290 937 | 1120340 6.96
N201 60.620 15.100 9.95 1189.280 21.57
N210 60.700 15.900 9.73 1163.470 2031
N13 60.740 11.020 10.69 1277.820 28.31
N114 61.030 28.180 8.61 1029.680 353.71
N115 61.050 22.640 8.60 1028.560 6.75
N103 61.180 28.040 8.46 1010.910 353.93
N101 61.330 23.030 830 992.660 6.04
N116 61.810 21.740 7.91 945.651 9.66
N6 61.930 5.450 11.18 1335.950 38.48
N117 61.940 29.030 7.76 928.021 350.79
N1 62.040 5.523 11.07 1323.060 38.76
N102 62.040 28.770 7.65 913.888 351.34
N118 62.070 27.410 7.54 901.123 354.89
N122 62.820 29.250 6.91 826.196 349.00
N123 63.020 29.230 6.71 802.434 348.73
N124 63.120 21.740 6.51 771.713 353.05
N119 63.150 24.020 644 770.017 4.66
N125 63.160 27.990 6.48 774.690 352.24
N104 63.660 26.050 591 705.992 358.14
N105 63.850 25.050 571 683.054 1.61
N218 63.867 20217 6.07 725.049 17.87
N215 63917 20.100 6.03 721.264 18.37
N219 63917 20.300 6.01 717987 17.76
N217 63.933 20.067 6.02 719.931 18.53
N220 64.050 20.717 5.82 696.179 16.82
N9 64.070 11.200 7.85 938973 39.49
N216 64.100 19.583 594 709.582 20.54
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Table 104: Norwegian mine locations

Label Latitude Longitude Distance 1 Distance 2 Azimuth
%ms =1 e | mow | 55 | &i»l | 06
N214 64.133 18.567 6.07 725969 23.68
N106 64410 25.150 5.15 615.717 1.39

N7 64.870 13.880 6.50 776.824 38.77
N107 65.780 24.700 3719 452,502 4.30
NI120 65.900 24470 3.67 439.132 5.69

N8 65.930 13.880 5.71 682.252 4546
N213 66.133 17.183 4.65 555.392 38.94

N3 66.421 14.679 5.13 613.573 47.60
N212 67.083 20.967 298 356.759 3232

N5 67.148 16.070 4.24 506.675 51.27
N108 67.790 24.430 1.80 214.831 12.16
N211 67.833 20.205 2.58 308.817 46.13
N400 69.420 30.800 1.87 223,541 276.01

N4 69.652 30.025 1.59 189.976 267.88

Table 105: Mine locations from other sources
Label Latitude Longitude Distance 1 Distance 2 Azimuth
TIT 58.23 643 l4.018_ 1558.74 28.330 |
3 BLA 59.31 6.95 12.940 1438.87 29.989
NYG 60.39 5.34 12.453 1384.72 34.213
Varanger 70.480 28.500 1.40 155.764 228.72
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Table 106: JOG mine locations

Label Latitude Longitude | Distancel | Distance? Azimuth
— Joct | s960 | ses0 | usr | wsso | 2155 |
10G2 59.660 9.650 11.97 1430.596 27.61
JOG3 59.660 9.690 11.96 1429.460 27.56
10G4 59.670 9.680 1195 1428680 27.59
JOGS 59.680 9.680 11.94 1427.620 2761
JOG6 59.690 9.540 1197 1430.510 2781
JOGT 59.760 9810 11.84 1415470 2763
J1OGS 59.770 9.520 11.90 1422.59 28.02
10GY 59.790 9.500 11.89 1421.050 28.09
JOG10 62.040 10.820 9.61 1148.870 3228
JOG11 62.100 10210 972 1161430 33.35
10G12 62.100 9,500 9.82 1174.200 31392
JOG13 62.110 9.820 9.81 1172.580 13.93
JOG14 62.110 9.900 9.79 1170.070 33.82
JOG15 62.130 10.090 9.72 1162.150 33.62
JOG16 62.150 10.080 971 1160.460 33.70
JOG17 62.150 10.680 9.55 1141.99% 32.84
JOGI18 62.280 10320 9.54 1140.030 33.78
JOG19 62320 10.600 9.43 1127.360 33,51
JOG20 62.330 10.620 9.42 1125.750 33.52
10G21 62.380 10400 9.43 1127.580 34,01
10G22 62.380 10.420 9.43 1126.950 3398
10G23 62.410 10270 9.44 1128.660 3429
10G24 62.410 10.280 9.44 1128.350 34.28
JOG25 62.440 10.860 9.26 1107.360 33.53
J0G26 62.440 10.870 9.26 1107.05 13.52
10G27 62.520 11.220 9.10 1088.34 33.26
10G28 62.540 11.100 9.12 1090.00 33.51
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Table 106: JOG mine locations

Label Latitude Longitde | Distancel | Distance 2 Azimuth
JOG29 a5 | nzs0 | 908 | 108saz | 332 |
JOG30 62.550 11.810 893 1067.57 32.44
JOG31 62.570 11.820 891 1065.25 32.49
JOG32 62.630 11.550 8.93 1067.29 33.13
JOG33 62.670 11.280 8.96 1071.49 33,69
JOG34 62.690 11.280 895 1069.50 33.76
JOG35 62.710 11.280 893 1067.50 33.83
JOG36 62.770 11.280 8.88 1061.53 34,05
JOG37 62.790 11.250 8.87 1060.47 34.17
JOG38 62.810 11.260 8.85 1058.17 34.22
JOG39 62.820 10.050 9.16 1095.44 36,05
JOG40 62.840 11.550 8.75 1046.28 33.88
J0G41 62.870 11.630 8.71 1040.84 33.86
10G42 62.920 11.680 8.65 1034.34 33.96
10G43 62.940 11.500 8.68 1037.88 34,32
J0GS52 67.070 20970 3.00 358.027 32.16
JOG44 67.180 20.620 2.98 356.104 35.20
JOG4S 67.180 20.670 297 354.764 34.94
J0G46 67.200 20.670 295 352.798 35.16
J0G47 67.200 20.710 2.94 351.728 34.95
JOG68 67350 32,530 3.40 406.023 313.45
JOGT0 67.450 32.660 3.37 402314 311.74
JOG69 67.550 30.330 267 319.011 320.56
JOGS3 67.630 21.030 2.52 301.490 38.59
JOGS4 67.610 33.630 3.52 420.468 305.89
JOG48 67.830 20.190 2.59 309.557 46.15
J0G49 67.880 20.230 2.54 304.106 46.77
JOGS6 67.880 34,550 3.69 441.550 300.89
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Table 106: JOG mine locations

Label Latitude Longitude Distance 1 Distance 2 Azimuth

———— = s ———
10GS7 67.900 34.630 371 443438 300.45
JOGSS 67.930 34.480 365 435.766 30036
JOG61 68.010 34.710 3.68 440,043 298.81
JOG60 68.020 34370 3.56 426.083 299.34

[ J0Gs0 68.050 16020 3.76 448.921 6225
JOGS8 68.150 33250 3.13 374.669 299.91
JOGS9 68.250 33270 3.09 369.611 798.25
JOGS1 68470 16.050 3.57 426.531 68.19
10G62 68.690 33.110 2.85 341.183 290.82
10G63 68.820 35370 3.60 429.796 286.09
10G64 68.870 33.020 2.76 330.386 287.47
10G65 68.930 33.080 2.77 330.784 286.20
JOG67 69.390 30.330 1.71 204.203 271.14
10G66 69.420 30.280 1.69 201.685 276.16
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The following table gives the results of an attempt to associate reference events
with a particular mine. For this purpose, the event identification repoited in the Helsinki
bulletin were used. An association was made between a group of events and the Helsinki
identifications when, within a group, all Helsinki identifications were reasonably consis-
tent. When both an old Helsinki location and a new Helsinki location were used to identify

events within a group, only the new location was listed.

Events listed in italic are redundant. When a large number of events from the same
source overlapped two adjacent areas, two reference events were defined, one for each
area. These redundant events are not included in the list of reference events used in the

database.

For each reference event, the table gives:

- the area number,

- the event orid used in the IMS database,
- the event number used in the processing,

- the event label corresponding to the grouping,

- the event location using the identification found in the Helsinki bulletin,
- the number of events found in the Helsinki bulletin with the same identification,

- comment about the groups: (1) defines event groups consisting of more than three

events, (2) defines event groups including thzee or fewer events.

Table 107: Identification of the reference events

Area Orid Event # Group Source | #ofevents | Comment

1 339219 46 A - . (1)
30690 27 B - 1

2 324318 37 A - - m
301540 20 B - )

32522 7 C - 1

3 345676 67 A ' 1)
14423 2 B ' . (1)

29288 7 c a (1)

335047 46 D ' - ()]

33571 50 E (1)

331548° (1)
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Table 107; Identification of the reference events

Orid Event # Group Source #ofevents | Comment
330571 ® | A | - | - @
15563 8 B - - a
19809 13 C - - @
28713 21 D - = @
332265 4 E - - )
341863 63 F : - )
327541 36 G 3 - @)
22541 15 H - - @
333552 47 I c = ()
35075 27 J 2 = @)
16814 9 K . - ()
302474 15 A EARTH. 1 (¥}
36875 8 B : . ()
38132 13 C - 2 )
301570 13 A HNI 2 (1)
344716 30 B HN1 1 (1)
8747 4 C - - @
336069 43 A HK1 1 (1)
331799 35 B HK4 1 [V))
16175 7 C . . @
340138 46 D x : )
314771 25 E - 1)
20330 13 A HK4° 4 ()
3014 1 B HK4 3 ()
30603 2 C HK4¢ 7 )
502119 29 D HK4 5 )
325195 44 E HK4 20 ()
333501 48 F HDé6* 1 @)
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Table 107: Identification of the reference events

Orid Event # #ofevents ' Comment
300626 40 A 1 @
16067 11 B 1 )
312825 42 c - @
30828 2 D . )
331691 60 E 1 (1)
14379 8 F . (1)
7015 3 G - )
36093 35 H - @
34142 33 I - )
41745 38 I 1 Q)
345142 68 K
347014 125 A
34154 40 B
12932 18 c
325993 83 D
35098 41 E
331516 97 F
26841 16 A
344808 86 B
19799 11 c

D
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Table 107: Identification of the reference events

Area Orid Event # Group Source #ofevents | Comment
EEmmtore e
13 28301 22 A HK6° 2 (1)
22301 12 B - . 2
302409 45 C HD7f 1 a
323098 56 D HK6® 1 (1)
40890 40 E - = (1)
27879 19 F S = )
30887 30 G o 3 ()
344816 77 H HK6° 1 (1)
33277 33 I - - 2
34983 35 ] HK6* 1 ()
321732 51 K HK 6 1 (V)]
302359 46 L HD7f 1 (1)
15 344686 37 A & 12 (1)
345204 38 B &i 8 (1)
16 11204 13 A i~k 2 ()
8886 15 B &i 14 )
6043 7 c ol 12 )
17 320658 52 A o 7 (1)
319424 48 B HK2 1 (1)
18753 11 c oi 2 1)
21835 15 D sl 3 1)
337114 68 E HK1° 2 (1)
326612 56 F € 3 (1)
35869 30 G HK4° 6 (1)
325214 54 H - - 1)
18 14581 4 A - - (1)
19 15006 9 A HKS 5 (1)
301141 32 B HK8 7 1)
14388 8 C HK7 2 @)
33671 26 D HK8 34 )
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Table 107: Identification of the reference events

Area Orid Event # Group Source #ofevents | Comment
20 | swes | 3 | A | Hks | o M
337343 76 B HK8 8 ()
12936 16 C HKS 2 )
21201 33 D - s [0))
341310 84 E HDY 1 (1)
337790 78 F - 5 (1)
12657 18 G HDU 1 (1)
21 312913 65 A HM22 10 3
340334 104 B HM22 15 0
336850 92 C HM22k 6 1)
35046 46 D - - (3]
18729 25 E HR1 4 (1)
15255 19 F - - (03}
334661 89 G HR3! 6 1)
303001 61 H - - 1
337224 94 I - - (1)
337460 97 J - 5 (1)
312559 68 K - - ()
22 337588 43 A - - 1)
25494 10 B HR1 4 (1)
345699 62 C - - 1)
340339 a7 D - . 2
342809 53 E - - 1
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Table 107: Identification of the reference events

Orid Event # Group Source #ofevents | Comment
12948 12 A HR1 ? (2)
41528 36 B HRI™ 3 (1)
10111 6 C HR1 12 (1)
3297 3 D HR1 3 1)
303421 45 E HR1 1 )
334722 75 F HR1 1 @
341042 82 G - - ¢y
344601 95 H - - 2)
337216 79 1 - = )
332148 73 J - @
302661 65 A HR4 2 1)
35164 51 B : 3 1)
328626 79 C HR4 2 )
38417 54 D i 6 M
327537 78 E HR1 1 @)
19304 18 F HE2" 1 )
10188 7 G 5 L )
332725 81 H . - (1)
333657 82 I - - ¢)]
339193 99 A - 2 1)
320060 61 B PE. 1 (1)
326980 69 C = 3 1)
303251 34 D EARTH. 2 (1)
313091 53 E PE° 3 (1)
331416 83 F PEP 6 1)
312925 45 G PE™ 1 1)
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Table 107: Identification of the reference events

Area Orid Event # Group Source | #ofevents | Comment
2 | s | u | A | wMz | s M
341881 75 B HM22 3 (1)
22198 19 C HM22 3 (1)
344303 78 D HM22 5 1)
301329 42 E HM22 6 (1)
21747 17 F HM22 8 4))
321822 50 G HM22 5 (1)
29 302298 26 A HMS 1 @
14119 5 B HMS 2 (1)
326412 33 C HMS8 3 (1)
22125 16 D - 3 m
5806 1 E - 2 ¢4)
23030 18 F - 2 §))
30 327905 53 A HV10 14 (1)
315353 46 B HV10 7 (1)
301860 35 C HV10 3 )
320979 49 D HV10 7 (1)
300151 30 E HV10 7 (1)
338267 62 F HV10 2 (1)
325447 52 G HV10 9 (1)
301009 31 H HV16 2 )

a. Probably from Varanger mine. Not listed in the Helsinki bulletin.

b. Event added to the original list.

c. Several mines have been located on SPOT photos in this area or in the nearby areas.
d. One event of this group was located at mine HKS.

¢. HD6: old HK4.

f. HD7: old HK12

g. Five events from this group are located at mine HN1 and two events at mineHK3

h. One event of this group out of the seventy-three events reported in the Helsinki bulle-
tin was located at HN1.

i. Several events reported in the Helsinki bulletin, but important inconsistency between
the group and the Helsinki identification.

j- HD1: old HKS.
k. One event of this group was located at mine HR3.
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L One event of this group was identified as being “probably an earthquake” in the Hels-
inki bulletin

m. One event of this group was located at mine HR3. The distance between mine HR1
and HR3 is 12 km.

n. HE2: old HR2 and HR4

o. Onu::k event from this group was identified in the Helsinki bulletin as being an “Earth-
quake”.

p. 'I‘:lv:kevems from this group were identified in the Helsinki bulletin as being “Earth-
quakes”.
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