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1. Introduction


This semi-annual report on the seismicity of Norway and adjacent areas encompasses the time period January 1st - June 30th, 1999. The earthquake locations have been compiled from all available seismic stations operating on Norwegian territory including the Arctic islands of Spitsbergen, Bjørnøya and Jan Mayen. In addition, stations from neighbouring countries have been included for large or well recorded events.


In Norway, the University of Bergen (UiB) and the Norwegian Seismic Array (NORSAR) operate seismic stations (Figure 1).  These stations are sponsored by different organisations.  The UiB operates the Norwegian National Seismic Network  (NNSN) which comprises 13 stations. In addition, there are 10 other seismic stations which are operated by UiB (including two IRIS i.e. Incorporated Research Institutions for Seismology stations), and three seismic arrays (SPITS, NORES and ARCES) in Norway operated by NORSAR. Data from the temporarily installed local networks situated around the Rana fjord and in Bremanger are also included in the Bergen database. These networks are operated by NORSAR.

Phase data from arrays in Russia (Apatity), Finland (Finess), Sweden (Hagfors) and from stations operated by the British Geological Survey (BGS) are also included when available. All phase data are collected by UiB, and a monthly bulletin is prepared and distributed. A brief overview of the events published in the monthly bulletins is given in this semi annual report. Note that the bulletins for January to June are not yet final, but this is not expected to have any major influence on the statistics presented in this report.

Macroseismic data for all felt earthquakes in Norway are collected, and macroseismic maps are presented.


All local and regional events with magnitude larger than 1.5 and all teleseismic events that are detected by the Bergen network are included. The merging of data between NORSAR and Bergen is done on the following principles: 


i) All local and regional events recorded by NORSAR that are also detected by the Bergen 
network are included.

 
ii) All local and regional events with local magnitude larger than 2.0 detected by NORSAR 
and not recorded by the Bergen network are included. 


iii) All teleseismic events recorded by NORSAR and also detected by the Bergen network are 
included.


iv) All teleseismic events with NORSAR magnitude  Mb(5.0 are included. 

The data from British Geological Survey (BGS) are included into the database in Bergen following the same criteria as NORSAR data. The only exception is that no teleseismic events are included.

All data from the network is available through an anonymous ftp-account: ftp.ifjf.uib.no directory pub/seismo.

Figure 1. Norwegian seismic stations. NORSAR operates the NORSAR arrays and UiB operates the 
remaining stations shown in the figure.
2.  Velocity models and magnitude relations


The velocity model used for locating all local and regional events, except for the local Jan Mayen events, is shown in the table below (Havskov and Bungum, 1987).  Event locations are performed using the HYPOCENTER program (Lienert and Havskov, 1995) and all processing is performed using the SEISAN data analysis software (Havskov, 1997).    

	P‑wave velocity (km/sec) 
	Depth to layer interface (km)

	6.2
	0.0

	6.6
	12.0

	7.1
	23.0

	8.05
	31.0

	8.25
	50.0

	8.5
	80.0


Magnitudes are calculated from coda duration and/or amplitudes. The coda wave magnitude scale (MC) is estimated through the relation:


MC = ‑3.0 + 2.6 * log10(T) +0.001 * D.

where T is the coda length in seconds and D is the epicentral distance in km. The coda magnitude is recognised to be higher than local magnitude calculated at NORSAR and at IFJ, UiB. When instrument corrected ground amplitudes A (nm) are available, local magnitude ML is calculated using the equation given by Alsaker et al. (1991): 


ML= 1.0 * log(A) + 0.91 * log(D)  + 0.00087 * D ‑ 1.67

where D is the hypocentral distance in km.

For the Jan Mayen area, a local model and coda magnitude scale are used (Sørnes and Navrestad, 1975)

	P-wave velocity (km/sec)
	Depth to layer interface (km)

	3.14
	0

	6.33
	3

	8.27
	18


The coda magnitude for Jan Mayen is given by Westre (1975):                                             

            MC = 3.27log(T)‑3.24+0.001*D

where T is the coda duration and D is the epicentral distance in km.

The regional and teleseismic events recorded by the network are located using the global velocity model IASPEI91 (Kennett and Engdahl, 1991).

Body wave magnitude is calculated using the equation by Veith and Clawson (1972):

            Mb = log(A/T) + Q(D,h)

here h is the hypocentre depth (km), A is the amplitude (microns), T is period in seconds and Q(D,h) is the correction for distance and depth.  

Surface wave magnitude Ms is calculated using the equation (Karnik et al., 1962): 


Ms = log(A/T) + 1.66log(D) + 3.3

where A is the amplitude (microns), T is period in seconds and D is the hypocentral distance in degrees.   
3.   Events recorded by the Norwegian stations

A total of 2414 local and regional events, based on the criteria mentioned in section 1, were detected by the Norwegian seismic stations during the first half of 1999. Compared to the previous half year there has been an increase of 30%. Of the local and regional events analysed during the first six months of 1999, 47% were located. The number of local/regional and teleseismic events, registered per month in this period is shown in Figure 2. The average number of local and regional events analysed per month is 402.
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Figure 2.  Monthly distribution of local and teleseismic events, registered during the first six months of 1999.

A total of 502 teleseismic events were registered during the first half of 1999, of which 61%  were located. In addition to the locations determined in Bergen, also preliminary locations published by the USGS (United States Geological Survey) based on the world wide network are included in the Bergen database whenever the earthquake is recorded on Norwegian stations. The monthly average of teleseismic earthquakes registered in Bergen is 84. All events (443 teleseismic, regional and local) registered from January to June 1999 with M ( 3 are plotted on Figure 3. 


The station recording statistics for each month from January to June and in total for the first half of 1999 are given in Table 1. This table gives for each station the number of local events that were recorded only at one station, local events that were recorded on more than one station and teleseismic events that were registered. It must be noted that the table shows both earthquakes and explosions, and that the large number of detections at KTK mainly is due to explosions. However, the table shows the number of detections which are made at the stations and which were manually processed.

4.  The seismicity of Norway and adjacent areas

The number of located events, in the area between 54°N-82°N and 15°W-32°E, including NORSAR and BGS readings, increased from 758 in the last six months of 1998 to 1027 in the first six months of 1999. Using the explosion filter (Ottemöller, 1995) more than 64% of these events are identified as probable explosions. This increase is most likely due to increased mining activity in the north, since the number of events recorded on KTK has increased to 1654 local and regional events. After the start of the operation of the two local networks in Mo i Rana and Bremanger (see appendix 2) also smaller earthquakes in those areas have been located. Especially the number of earthquakes located around the Rana fjord has increased, an area where earlier only single station records were made (MOR) for smaller local earthquakes. It turns out that the coda magnitude calculated using MOR records is too high compared to the local magnitude reported from the local network. The most likely cause for this difference is that the coda magnitude scale is not valid for very small earthquakes. 

Figure 4 shows all local and regional events analysed and located during the first half of 1999. The tape drive at the JMI station on Jan Mayen broke down early in April and as a consequence only analog, one station (JNW) data are received from this network until a new tape drive is installed. During this time it is expected that the station is running and that the detected events are stored on the hard disk.


Figure 5 and Table 2 shows the 47 local and regional events with any of the reported magnitudes larger than or equal to 3.0. One should point out that it is often difficult to get a good magnitude estimate for the earthquakes located on the oceanic ridge in the Norwegian sea, since distances are too large to get ML, too short for MB and coda magnitude is often not reliable. Most of the recorded earthquakes in this area have magnitudes above 3.0 if the earthquake when recorded on Norwegian mainland stations. 


The largest earthquake occurred on March 28th at 08:28(UTC), with magnitude ML(BER)=4.3. This earthquake was located west of Spitsbergen, but was only recorded at two stations (SPITS and KBS). Near the Norwegian mainland the largest earthquake was located offshore Florø. The earthquake occurred on 29th May 1999, with magnitude ML=3.9. Seismograms for this earthquake are shown in Figure 6, showing also the phase picks.

Figure 3. Epicentre distribution of earthquakes with M ( 3.0, located by the Norwegian seismic stations from January to June 1999. Teleseismic events recorded only by NORSAR have M(5.0. 

Table 1 Monthly statistics of events recorded at each station for the first half of 1999. Note that the digital data from Jan Mayed (station JMI, JNE and JNW ) stopped in April, and for the last months only analog data from the JNW station are received. The high number of detection on KTK is mainly due to explosions. Abbreviations are: Event types: LM=Number of local events recorded at more than one station, LS=local events recorded at only one station and D=teleseismic events  per month in the time period January to June, 1999. 

	
	JANUARY
	FEBRUARY
	MARCH
	APRIL  
	MAY    
	JUNE    
	JAN.-JUN.

	STATION
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D
	LM
	LS
	D

	ASK
	13
	0
	4
	14
	0
	1
	40
	0
	4
	28
	0
	6
	28
	0
	5
	12
	0
	2
	135
	0
	22

	BER
	6
	0
	4
	5
	0
	1
	18
	0
	4
	8
	0
	5
	16
	0
	4
	3
	0
	3
	56
	0
	21

	BJO1
	0
	0
	9
	4
	0
	3
	8
	0
	17
	9
	0
	4
	0
	0
	4
	16
	1
	10
	37
	1
	47

	BLS5
	10
	0
	7
	12
	1
	7
	18
	0
	8
	19
	1
	8
	23
	0
	7
	11
	1
	6
	93
	3
	43

	EGD
	11
	0
	4
	13
	0
	0
	34
	0
	4
	21
	0
	6
	27
	0
	6
	11
	0
	4
	117
	0
	24

	FOO
	9
	0
	1
	10
	0
	0
	22
	0
	0
	16
	0
	4
	14
	1
	9
	8
	1
	3
	79
	2
	17

	HYA
	35
	2
	7
	29
	2
	4
	57
	2
	9
	27
	1
	7
	19
	1
	3
	7
	0
	2
	174
	8
	32

	JMI
	16
	0
	14
	28
	0
	12
	17
	0
	23
	0
	0
	2
	0
	0
	0
	0
	0
	0
	61
	0
	51

	JNE
	36
	0
	0
	50
	0
	0
	26
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	112
	0
	0

	JNW
	41
	5
	2
	52
	2
	0
	27
	1
	0
	17
	15
	2
	3
	3
	2
	11
	6
	0
	151
	32
	6

	KBS
	5
	1
	27
	22
	4
	38
	32
	11
	61
	15
	8
	29
	22
	8
	46
	30
	5
	48
	126
	37
	249

	KMY
	8
	0
	6
	7
	0
	3
	16
	0
	5
	19
	3
	9
	27
	1
	12
	14
	2
	8
	91
	6
	43

	KONO
	6
	1
	28
	7
	0
	23
	15
	0
	44
	13
	2
	30
	13
	1
	50
	9
	2
	41
	63
	6
	216

	KTK1
	162
	92
	20
	196
	129
	20
	244
	136
	29
	258
	99
	20
	137
	47
	15
	43
	11
	5
	1040
	514
	109

	LOF
	71
	5
	12
	55
	4
	11
	88
	5
	17
	139
	11
	15
	127
	8
	19
	86
	5
	16
	566
	38
	90

	MOL
	44
	16
	3
	18
	4
	0
	62
	21
	1
	19
	2
	8
	20
	10
	15
	15
	5
	7
	178
	58
	34

	MOR8
	108
	12
	26
	93
	13
	24
	172
	46
	23
	241
	63
	27
	155
	15
	22
	91
	20
	19
	860
	169
	141

	NORSAR
	0
	0
	37
	6
	0
	47
	3
	0
	73
	1
	0
	67
	1
	0
	79
	3
	0
	49
	14
	0
	352

	NSS
	26
	9
	7
	19
	6
	1
	35
	12
	3
	13
	1
	7
	11
	4
	6
	19
	4
	4
	123
	36
	28

	ODD1
	14
	0
	3
	15
	2
	0
	37
	4
	2
	12
	0
	6
	11
	0
	1
	5
	0
	2
	94
	6
	14

	RUND
	0
	0
	7
	2
	0
	7
	4
	0
	12
	7
	0
	3
	9
	0
	3
	3
	0
	6
	25
	0
	38

	SUE
	22
	0
	6
	14
	2
	0
	38
	0
	1
	34
	1
	9
	15
	1
	3
	3
	0
	1
	126
	4
	20

	TRO
	50
	0
	18
	52
	0
	14
	76
	0
	20
	102
	0
	18
	120
	1
	26
	88
	1
	20
	488
	2
	166

	TRON
	3
	0
	6
	3
	0
	3
	4
	0
	5
	4
	0
	5
	3
	0
	6
	0
	0
	0
	17
	0
	25

	NORES
	33
	0
	0
	37
	0
	0
	53
	0
	0
	60
	0
	0
	52
	0
	0
	74
	0
	0
	309
	0
	0

	SPITS
	6
	0
	0
	9
	0
	0
	14
	0
	0
	29
	0
	0
	28
	2
	0
	46
	1
	0
	132
	3
	0

	ARCES
	40
	0
	0
	41
	1
	0
	56
	0
	2
	85
	1
	0
	66
	0
	0
	90
	0
	0
	378
	2
	2


Figure 4. Epicentre distribution of events analysed and located during January to June, 1999. 
Earthquakes are plotted in red and probable and known explosions are plotted in yellow.

 
For station locations see Figure 1.
Figure 5. Epicentre distribution of located events, with M ( 3, from January to June, 1999. All 
events are listed in Table 2. For station locations see Figure 1.

Table 2. Local and regional events with any magnitude ( 3.0 for the time period January


to June, 1999, in the area between 54°N-82°N and 15°W-32°E. For depth 


determination see section 5.                           


 year moda hrmi sec mde lat     long  depthF ns rms magnitudes


--------------------------------------------------------------------------- 

1999  116 0402 37.1 L  64.810  -0.605 10.0F  8 0.9 3.0CBER 2.2LBER 2.4LNAO

 
1999  123 0808  5.5JL  71.260  -6.327 10.0F  3 0.3 3.0CBER 2.9LBER        

 
1999  126 0402 34.4JL  71.236  -6.347 10.0F  3 0.2 2.8CBER 3.0LBER        

 
1999  126 0404 13.6JL  71.161  -6.392  9.0F  3 0.0 3.1CBER 3.2LBER        

 
1999  2 1 1102 51.3JL  71.174  -6.751 10.0F  3 0.4 2.9CBER 3.4LBER        


1999  2 4 1530 18.1JL  71.213 -10.110 10.0F  9 1.4 3.4CBER 3.6LBER        

 
1999  2 9 0043 44.6 L  76.504  23.780 15.0F  7 1.2 3.5CBER 3.0LBER 2.8LNAO

 
1999  212 0308 12.1JL  71.369  -9.207 10.0F  3 0.2 3.2CBER 3.2LBER        

 
1999  212 0552 21.4JL  71.295  -9.334 16.0F  3 0.1 3.0CBER 3.0LBER        

 
1999  212 1200 14.7JL  71.353  -9.210 10.0F  3 0.2 3.1CBER 3.2LBER        

 
1999  213 0748 15.9JL  71.227  -9.458 10.0F 12 1.7 3.3CBER 3.3LBER 3.3BPDE

 
1999  222 1924 31.8JL  71.738 -11.865 10.0F  3 0.2 2.6CBER 3.0LBER        

 
1999  223 1438 11.4 L  66.394  13.464 15.0F 11 1.0 3.2CBER 2.5LBER 2.9LNAO

 
1999  223 2005 15.6 L  80.408  19.917  8.0F  3 0.2 3.0CBER 3.2LBER        

 
1999  225 1411 45.5 L  66.322  13.575  5.0F 12 1.8 3.0CBER 2.3LBER 2.4LNAO

 
1999  3 4 0016 50.5 L  55.435  -5.685 19.0F 22 1.6 3.7CBER 3.0LBER 4.0LBGS

 
1999  3 8 2050 25.9 L  80.101  21.410 15.0F  5 1.1 2.7CBER 3.1LBER 2.8LNAO

 
1999  325 0349 48.7 L  72.902   5.352 10.0F  6 0.6 3.3CBER                

  
1999  325 1601  4.8JL  71.327  -7.315 10.0F  3 0.3 2.9CBER 3.3LBER        

 
1999  325 1816 47.7JL  71.007  -7.235 10.0F  3 0.1 2.8CBER 3.1LBER        

 
1999  325 2247  2.3JL* 70.888  -7.570 10.0F 19 1.6 3.8CBER 3.5LBER 2.7LNAO

 
1999  328 0828 34.8 R  81.469  -2.197 10.0F  2 0.0 3.2CBER 4.3BBER 4.3BNAO

 
1999  328 0839 58.5 R  81.452  -2.430 10.0F  2 0.0 3.2CBER 4.1BBER 4.2BNAO

 
1999  330 1605 29.4 L  65.851  30.261 15.0F  9 1.6 3.4CBER 2.4LBER 2.4LNAO

 
1999  4 3 1930 24.7 L  78.421   8.990 10.0F  8 0.8 2.9CBER 3.7LBER 3.1LNAO

1999  4 3 1943 41.9 L  79.777   5.032 10.0F  7 0.9 2.8CBER 3.2LBER 2.6LNAO

 
1999  4 5 0313 31.7 L* 59.368   1.589 15.0F 27 0.9 3.0CBER 2.6LBER 2.4LNAO

 
1999  4 8 0319 33.4 LP 66.539  23.457  0.0F 11 1.4 3.3CBER 2.9LBER 2.7LNAO

 
1999  412 1944  0.2 L  73.201   7.082 10.0F 11 1.9 2.9LBER         3.1LNAO

 
1999  413 0209 26.1 L  73.265   7.325 10.0F 15 1.8 2.8CBER 3.3LBER 3.1LNAO

 
1999  418 0343 57.7 L  78.414   9.036 10.0F 12 1.4 3.7CBER 3.4LBER 3.4LNAO

 
1999  418 0618 15.8 L  78.672   7.489 10.0F  3 1.4 2.4CBER 3.0LBER 2.1LNAO

 
1999  427 1054 38.0 L  77.000   9.205 10.0F  7 1.0 3.2CBER 3.1WBER 2.9LNAO

 
1999  5 6 0313 12.8 L  78.555   8.125 10.0F  7 1.7 2.8CBER 3.5LBER 3.6LNAO

 
1999  5 6 0515  8.3 L  78.511   8.049 12.0F  6 1.8 2.9CBER 3.3LBER 3.3LNAO

 
1999  515 0650 32.1 L  78.481   8.069 10.0F  3 0.7 2.5CBER 3.2LBER 3.1LNAO

 
1999  529 0031 43.6 L* 62.203   4.592 15.0F 35 1.8 3.2CBER 3.9LBER 3.8LNAO

 
1999  6 2 0031 48.2 L  72.987   5.755 10.0F 15 2.0 3.2LBER         3.0LNAO

 
1999  6 7 0901 58.9 L  73.051   5.949  6.0F 12 1.8 3.0CBER 3.0LBER 2.8LNAO


1999  6 7 1254 17.3 L  73.071   6.095 10.0F 10 1.2 3.3CBER 3.0LBER 2.5LNAO

 
1999  6 7 1610 36.2 L  73.162   6.284 10.0F 19 2.3 4.2CBER 4.2LBER 3.7LNAO

 
1999  6 7 1617 35.1 L  73.222   6.310 10.0F  6 0.5                 3.1LNAO

 
1999  6 7 1626  5.2 L  73.016   5.574 10.0F 13 1.7 3.5CBER 3.7LBER 3.2LNAO


1999  6 7 1635 48.6 L  73.076   5.811 10.0F 13 1.7 3.5CBER 4.1LBER 3.5LNAO

 
1999  610 1338 21.7 L* 73.175   6.150 10.0F 25 2.1 3.3CBER 3.4LBER 3.4LNAO

 
1999  620 1441 55.7 L  80.023  21.937  5.0F  3 0.7 2.9CBER 3.3LBER 2.9LNAO



Abbreviations are:

date: year, mo = month, da = day, origin time UTC: hr = hour, mi = minutes, sec = seconds


m= model identification (blank=standard model, J=Jan Mayen model, L=only nearest stations used)


d = distance identification (L=local, R=regional, D=teleseismic)


e=event identification (*=well recorded, P=probable explosion, E=known explosion)


location: lat = latitude, long=longitude,
depth = focal depth (km) F: fixed depth


ns = number of stations,
rms = root mean square of the travel-time residuals


magnitudes: magnitude type (C=coda, L=local, B=body wave, W=moment) and magnitude reporting agency (BER=Bergen, NAO=NORSAR, PDE=Preliminary Determination of Epicentres)
Figure 6. Seismograms for the earthquake on May 29th 1999 at 00:31 (UTC). No seismograms 
are filtered. The station abbreviations are: BER=Bergen, ASK=Askøy, EGD=Espegrend, MOL=Molde, LOF=Lofoten, NSS=Namsos, ODD=Odda, TRO=Tromsø, TRON=Trondheim, KONO=Kongsberg, MOR8=Mo i Rana, FOO=Florø, BLS=Blåsjø, SUE=Sulen, RUND=Rundemannen, HYA=Høyanger and KMY=Karmøy. 

5. Well recorded events

Since January, 1995, well recorded earthquakes have been selected during the daily analysis and specially marked in the Bergen data base. The event selection is based on signal to noise ratio and the number of recording stations and this means that both small events near the network and large events further away have been selected. In a few cases also location has been a qualification to mark an event as an event of special interest. These events are studied in greater detail than the other events. Additional phase readings and waveform data are collected if available, mainly from NORSAR and BGS. Particularly the location and the depth estimates are checked. For each event the rms-vs-depth plot is checked and if possible the event is located using only the nearest stations (D< 200 km) to check if this gives a better location with a well constrained depth. If this is the case, the depth is fixed and the event is relocated using all stations. If no reasonable depth can be determined, the depth is fixed at 15 km for continental earthquakes and at 10 km for oceanic. The same principles for depth determination is also used for the local and regional events with magnitude equal to or above 3.0. For this report 19 special events have been analysed (see Table 3). The locations of these events are shown in Figure 7.  


Due to difficulties reading enough polarities, fault plane solutions were only determined for five of the earthquakes recorded during these 6 months. The locations for these earthquakes are shown in Figure 8 a and their focal mechanisms are shown in Figure 8b. The fault plane solutions were added to the focal mechanism database which now includes 128 earthquakes with focal mechanisms calculated.

Table 3. List of 19 well recorded events in the first half of 1999.

Year Date HRMM  Sec L Latitud Longitud Depth FF AGA  NS  RMS   Mc       Ml        Mw     STRIK  DIP RAKE   Mo   St   f0    r

------------------------------------------------------------------------------------------------------------------------------

 1999  1 7 1404 13.9 L  66.814   13.736   5.0 F  BER  10  1.1  2.7 BER  1.9 BER   2.1 BER                  12.3  0.4 4.59 0.28

 1999  117 2013 58.6 L  68.239   14.061  12.0 F  BER  12  0.9  2.6 BER  2.5 BER   2.3 BER                  12.5  1.2 5.77 0.24

 1999  124 1927 22.1 L  61.730    3.283   8.0 F  BER  17  1.3  2.9 BER  2.7 BER   2.7 BER     6   77  -37  13.1  6.0 5.71 0.23

 1999  128 2130 58.4 L  59.722    6.346  10.0 F  BER  12  1.6  1.6 BER  1.2 BER   1.7 BER                  11.6  0.4 6.60 0.20

 1999  2 2 1730 56.8 L  61.622    3.387  12.0 F  BER  12  1.3  2.3 BER  1.8 BER   1.9 BER   124   64   56  12.0  1.9 9.00 0.14

 1999  2 6 2327 53.0 L  61.606    3.063  13.0 F  BER  19  1.6  2.5 BER  2.1 BER   2.2 BER                  12.4  2.3 7.12 0.18

 1999  3 8 2217 49.5 L  61.105    4.230   9.0 F  BER  14  1.1  2.2 BER  1.8 BER   2.0 BER                  12.0  0.9 6.66 0.20

 1999  3 9 0038 40.4 L  57.043    7.005  19.0 F  BER  23  1.2  2.9 BER  2.1 BER   1.7 BER                  11.6  0.7 9.35 0.13

 1999  315 0228  6.4 L  61.165    3.967   7.0 F  BER  12  1.7  2.1 BER  1.5 BER   1.7 BER   340   44   22  11.7  0.5 7.56 0.17

 1999  323 1900 42.9 L  61.739    4.136  15.0 F  BER  14  1.1  1.8 BER  2.1 BER   2.2 BER                  12.4  0.8 5.17 0.26

 1999  325 2247  2.3 L  70.888   -7.570  10.0 F  BER  19  1.6  3.8 BER  3.5 BER                                               

 1999  327 2017 42.9 L  58.430    7.610  12.0 F  BER  13  1.9  2.5 BER  1.9 BER   1.9 BER                  11.9  0.4 5.80 0.22

 1999  330 0921 53.5 L  69.857   25.055  14.0 F  BER   9  1.1  2.5 BER  2.5 BER   2.3 BER                  12.6  0.8 4.38 0.29

 1999  4 5 0313 31.7 L  59.368    1.589  15.0 F  BER  27  0.9  3.0 BER  2.6 BER   2.6 BER    25   45   45  12.9  1.1 3.72 0.35

 1999  410 1504 51.8 L  60.144   11.269  13.0 F  BER  18  1.0  2.9 BER  2.7 BER   2.5 BER                  12.8  1.6 4.61 0.28

 1999  411 1811 11.1 L  61.429    4.254   6.5 F  BER  17  1.6  2.6 BER  2.7 BER   2.5 BER    75   70   52  12.8  5.7 6.85 0.19

 1999  516 1224 54.3 L  59.670    5.438  15.0 F  BER  18  1.5  2.0 BER  1.9 BER   2.0 BER                  12.1  1.2 7.27 0.18

 1999  529 0031 43.6 L  62.203    4.592  15.0 F  BER  35  1.8  3.2 BER  3.9 BER   3.6 BER                  14.5 22.5 3.29 0.39

 1999  610 1338 21.7 L  73.175    6.150  10.0 F  BER  25  2.1  3.3 BER  3.4 BER   2.9 BER                  13.4  1.0 2.42 0.55

Abbreviations are:

date: year mo = month da = day, origin time given in UTC: hr = hour mi = minutes sec = seconds, m= model identification (blank=standard model, J=Jan Mayen model, L=only nearest stations used); d = distance identification (L=local, R=regional, D=teleseismic), e=event identification (*=well recorded, P=probable explosion, E=known explosion); location: latitud = latitude, longitud=longitude depth = focal depth (km); FF= fixed depth and location; NS = number of stations; RMS = root mean square of the travel-time residuals, magnitudes: magnitude type (C=coda, L=local, B=body wave, W=moment) and magnitude reporting agency (BER=Bergen, NAO=NORSAR, BGS=British Geological Survey, PDE=Preliminary determination of epicenters),

MO = log of seismic moment in Nm, ST = stress drop in bar, f0 = corner frequency in Hz, R = source radius in km.  

Figure 7. Epicentre distribution of well recorded events in the first half of 1999. For station 
locations, see Figure 1.
Figure 8 a. Locations of the earthquakes with calculated focal mechanism.

Figure 8 b. Focal mechanisms for the earthquakes shown in figure 8a.

 6.  Felt events

Five earthquakes were reported felt during the first half of 1999 (see Table 4 and Figure 10), all occurring in areas where earthquakes have been felt before. Two earthquakes were felt by a sufficient number of people so that questionnaires were sent. The isoseismal maps can be seen in Figure 9. 

Table 4  Earthquakes felt in Norway during the time period January to June, 1999. 


Abbreviations: Mc; Coda magnitude, Ml; Local magnitude and Mw; Moment magnitude.

	Date
	Time (UTC)
	 Max. Intensity      (on MMI scale)
	Magnitude  (BER)
	Instrumental Epicenter Location

	07.01.99
	14:04
	III   
	Mc=2.7, Ml=1.9 

Mw=2.1
	66.83N / 13.73E

                     

	17.01.99
	20:13
	III 
	Mc=2.6, Ml=2.5

Mw=2.3
	68.24N / 14.06E

                             

	30.03.99
	0921
	II
	Mc=2.5, Ml=2.5

Mw=2.3
	69.86N / 25.05 E

	10.04.99
	15:04
	V
	Mc=2.9, Ml=2.7 

Mw=2.5
	60.14N / 11.27E

                           

	29.05.99
	00:31
	IV
	Mc=3.2, Ml=3.9

Mw=3.6
	62.20N /  4.59E


Figure 9. Isoseismal maps for the two earthquakes where questionnaires were sent out. The numbers show the intensity at a location, intensity 1 indicates that the earthquake was not felt.
Figure 10. Locations of the five earthquakes felt during first half of 1999.
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