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INTRODUCTION

The data of the results presented in this report were ce-
corded jointly by A/S GEOTEAM and NTNF/NORSAR in June 1981
and by A/S GEOTEAM in October 1981.

ORKLA INDUSTRIER A/S prepared the seismic lines, assisted

in data acquisition and surveyed the seismic lines.

The field work was carried out according to procedures and
parametres given in A/S GEOTEAM's report 4034.05 of 15 May
1981.

The programme reported comprises recording of conventional
reflection seismic lines, dual 1line recording with two
instruments, and seismic velocity logging in a prospecting
diamond core drillhole drilled to a depth of about 1030

metres.

The seismic measurements form the extension of the 1980
seismic programme for sulphide ore prospecting described in
A/S GEOTEAM's report 4034.05.

A chart showing previously measured lines (1980 programme)
and those currently reported is given in Appendix 2.1.

DATA ACQUISITION

2.1 Conventional Reflection Seismic Lines

Three conventional reflection seismic lines have been
recorded, and denoted Line 81 I, 81 VI and 81 VII
respectively.

Line 81 I is located easterly in the area.
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Line 81 VI is the extension of the 80 III line towards

Both these lines were recorded June 1981.

Line 81 VII is the westernmost line, and was recorded

October 1981.

Dual Line Recording

The June 1981 recording was carried out jointly by
A/S GEOTEAM and NTNF/NORSAR.

Shots were fired along line 79 III starting from the
southern end. A/S GEOTEAM recorded along Line 80 III
creating depth coverage inbetween Line 79 III and
80 III. This new line is denoted Line 81 V.

NTNF/NORSAR recorded simultaneously perpendicularly
to Line 79 III/80 III. Those data will be permanently
reported by Norsar as a part of their current research
programme for reflection seismics in metamorphic

rocks.
Dual line recording was also performed by NTNF/NORSAR
along Line 80 IV based on shots fired by A/S GEOTEAM

along Line 81 I.

These recordings comprise Line 81 II, presented here

in.

Seismic Velocity Logging

Borehole 1 is a 1030 m deep borehole drilled in Line
80 IIB. The location of the borehole is shown in
Appendix 2.2.



3.

DATA

Page 3

Reporit 4034.06

This hole was wused for direct seismic velocity

measurements which was carried out in October 1981.

A single unclamped vertical wvelocity borehole
geophone of the type Geo Space HSJLP3D was used as
pick up. Shots were fired in shallow boreholes at the
surface, 5-10 m from top of the hole. Readings were
taken at 100 m and 200 m depth, and every 10 m from 300
m - 990 m depth.

Recording was done with the DFS-V recording system.
Also 11 surface mounted geophones along Line 80 VA
were recorded simultaneously for each shot fired.
Charge sizes as for reflection seismic measurements

were used.

PROCESSING AND RESULTS

Processing of Data

The basic data processing has been carried out by
NTNF/NORSAR using software specially developed by
NORSAR integrated with the Megaseis processing
system.

Final filtering, scaling and plotting have been done
by A/S GEOTEAM using VAX 11/780 and DISCO-software.

Processing sequence and type of processing are given
in the side labels of each individual seismic section

presented.

Seismic Line Identification

The seismic lines are defined and determined in terms
of their respective reflection point distributions

displayed in Appendix 2.2.
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The coordinate system used 1is according to ORKLA
INDUSTRIER A/S's local system, however, of the Y-axis

is chosen in the opposite direction.

The line coordinate numbering in the seismic sections

corresponds to the X-coordinate in the local system.

Local system zero point corresponds to X = 572000 of
the Geographical Survey of Norway, Axis III.

Seismic Sections

The seismic sections are presented in Appendices 3.1 -
3.8.

A dip compensated stack and/or a dip compensated stack
with automatic static corrections is shown for each

line.

Velocities Based On Seismic Velocity Logging,
Borehole 1

A display of seismic borehole data is given in

Appendix 3.9.

The data shown offer the possibility to compute
average seismic velocities and average times for down-

wards travelling seismic P-waves.

Also interval times may be computed, however, such

computations have not been included in this report.

The average seismic P-wave velocity is somewhat higher
than previously measured in Lekken Mine east of Orkla

River.
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In Borehole 1 an average P-wave velocity of 6200 m/s

is obtained.

Several later phases associated with "Tube Waves"
travelling along the water coloumn of the borehole are

very strong.

These waves mask possible reflected waves which are of
much lower intensity. The origih of some of the
"Tube Waves" 1is associated with the travel of the
direct P-wave, however the mechanism which generates

the "Tube Waves" is not obvious in this case.

Impedance Contrasts from Borehole Samples, Borehole 1

Borehole 1 in Sugustadmarka was aiming at penetrating
the sharpest reflector of Line 80 IIB around line
metres 1200 - 1300, and 0.27 seconds TWT (two-way-

time) .

At a depth of 674 metres in the borehole a contact
between overlying gabbro and an underlying soapstone-
layer of approximately 5 metres in thickness was en-

countered.

Laboratory measurements including sonic velocity (54
kHz) and density were carried out at The Technical
University of Norway (NTH) for 18 samples centered
around this gabbro/soapstone contact. Results of the
velocity/density measurements along with the computed

impedances are given in Appendix 3.10.

The average impedances as shown in Appendix 3.10 give
a negative reflection coefficient of 0.07 for the
gabbro/soapstone contact, which justifies the
reflections obtained in terms of reflection
coefficients. Using the 6200 m/s velocity measured in
the borehole, the migrated {time-to-depth converted)
reflector of Line 80 IIB is in very good accordance

with the gabbro/soapstone contact.
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Results and Interpretation

In gene.al, the seismic sections are greatly improved

by automatic static processing.

This in fact is in accordance with earlier
observations of the 1976 Test Line, where a coherency
stack procedure was applied ot achieve significant

reflections.

The sections.- obtained with and without automatic
statics in this report indicates that automatic static
processing routinely should be applied to improve SNR

(Signal - to - noise ratio).

The reflections obtained in Lines 81 I and 81 II show
a pattern resembling earlier reflectivity patterns
obtained in Lines 80 II, 80 Vv, and 80 IV, presented in
A/S GEOTEAM report 4034.05 of 15 May 1981.

In view of the seismic results, there is reason to
believe that the geological structure determined by
the 1980 seismic programme and Borehole 1 extends
eastwards in the area of Lines 81 I and 81 II.

The structures seem to be generally deepening towards
east, and the north-south dip of the upper reflecting
structures less steep than in Lines 80 II, 80 V and
80 1IV.

The Line 81 VI, which is the extension of Line 80 III,
shows no significant reflectivity and fits in with the
northern termination of Line 80 III where no obvious

reflections were found.

The southernmost part of Line 80 III runs through an

area of mainly greenstone at the surface.
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Borehole 2 in Sugustadmarka aimed at the reflector in
Line 80 III, line metres 800, TWT 0.3 seconds.

This drillhole revealed a shallow greenstone/gabbro
contact, too shallow (40-50 metres) to be detected by
the current lay-out of the reflection seismic
measurements. The borehole further revealed a
gabbro/greenstone contact at a depth of approximately
895 metres. Preliminary density determinations indi-
cate a contrast of 2,83/2,62 which give a reflection
coefficient of 0.04 with no change in velocity across

the contact.

Lines 81 V and 81 VII are located approximately 500
metres east and west of Line 80 III respectively.

Seismic sections from these 1lines are shown in

Appendix 3.5, and Appendices 3.7 - 3.8.

Line 81 VII is very much resembling Line 80 III. We
believe that differences with respect to continuity

and SNR are mainly due to processing refinements.

Line 81 V show an anomaleous structure in the northern
part, where a reflector at about 0.2 seconds appears
to dip slightly north. The depth to this reflector
should be about 600 metres. When compared to Line
80 VC, the <composite picture shows a resonable
continuous, however, rather complex structure in this

area.

COMMENTS AND CONCLUSIONS

The seismic reflection measurements <carried out in
Sugustadmarka, Lokken West, 1981, seem to support a
geological model which divides the area covered by seismic

lines into two different blocks.
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The northeastern part of the area forms a block where in
general three reflection levels appear in the seismic
sections. The oustanding reflector is the middle level,
which according to borehole information corresponds to an
approximately 5 m thick layer of soapstone. Overlying and
underlying reflectors are explained as greenstone bodies in

the gabbro massif.

The western part of the area shows less reflection levels,
in general only one main reflector preliminary interpreted
as the gabbro/greenstone contact at 700 - 900 m depth. This
contact is steeply dipping southwards in the northern part
of the block, less dipping and appearing to flatten out
towards south.

The boundary zone between these blocks is not very
distinctive in view of the seismic data. The composite
line consisting of Line 80 VC and Line 81 V show a rather
complex reflection pattern and may probably represent such
a zone. In the northern termination of Line 81 V an
anomalous reflection is found. The reflection is anomalous
in the sense that it appears to dip slightly north, while
the general direction of dip is to the south.

Laboatory measured velocities and densities from samples of
Borehole 1 show a distinct drop at the contact between
gabbro and soapstone at a depth of hole of 674 metres. The
impedance contrast calculated imply a reflection coeffient
of -0.07. Preliminary density analysis of Borehole 2
indicate a reflection coefficient of 0.04 of a
gabbro/greenstone contact. The values of reflection
coefficients obtained by samples from Borehole 1 and 2,
are quite commonly encountered in seismic studies in
sedimentary rocks. The seismic reflections and subsequent
borehole control in Lgkken West confirm that also rock type
boundaries in crystalline rocks may be mapped by reflection
seismics with an accuracy of a few per cent of the actual

depth from the surface.
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Velocity measurements in Borehole 1 give an average.
velocity of 6200 m/s. This velocity is currently the best
estimate to be used for time - to - depth calculations in
Lokken West.

Oslo, 18 June 1982
orA/fGEOTEAM

\\4K;éésng
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Appendix 1.1

STAT. NO. XCOORD YCOORD ZCOORD
1 293.27 - 730.80 199.72
2 301.09 - 736.37 202.09
3 310.41 - 740.01 205.75
4 319.53 - 745.39 206.70
5 327.98 - 747.86 208.50
6 333.63 - 755.73 208.22
7 342.58 - 759.36 210.59
8 350.87 - 753.79 209.19
9 359.37 - 767.37 209.71

10 369.52 - 775.91 212.39
11 380.32 - 772.57 215.67
12 388.02 - 775.47 217.05
13 394.71 - 786.40 216.00
14 403.45 - 794.81 217.00
15 407.90 - 798,68 215.07
16 456.21 - 864.27 222.29
17 465.24 - 866.47 225.26
18 473.89 - 869.31 227.85
19 477.54 - 882.00 229.56
20 485.85 - 892.22 231.86
21 488.56 - 898.17 233.13
22 485.99 - 906.44 231.27
23 495.22 - 913.78 231.71
24 531.41 - 932.41 235.68
25 538.66 - 938.70 237.02
26 547.51 - 943.34 237.85
27 557.59 - 944.02 239.13
28 567.25 - 944.89 240.55
29 576.32 - 949.92 241.53
30 586.35 - 954.20 242.34
31 596 .60 - 951.41 244.45
32 605.98 - 953.45 244.71
33 610.27 - 974.57 241.23
34 610.10 - 986.52 242.42
35 616.02 - 990.73 244.56
36 624.23 - 996.43 243.40
37 634.85 -1000.62 242.02
38 643.55 - 996.79 24185
39 659.60 - 999.62 240.69
40 666 .77 - 997.65 239.717
41 681.39 - 997.31 241 .54
42 706 .69 - 999.11 246 .32
43 719.89 - 992.76 249.75
44 729.25 - 997.52 250.26
45 745 .25 - 994.08 251.69
46 754 .45 - 994.07 251-.89
47 759 .32 - 990.96 251.68

766 .83 - 983.83 251.60

o
(o0
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STAT. NO. XCOORD YCOORD ZCOORD
1 1390.94 291.14 383.90
2 1399.51 290.95 382.20
3 1409.59 295.83 382.79
4 1415.31 299.86 384.91
5 1425.08 284.98 383.90
6 1431.68 282.74 384.04
7 1442.72 281.46 385.57
8 1450.10 276.07 387.51
9 1456.19 269.78 386.87

10 1468.31 271.27 387.31
11 1480.38 252.25 388.25
12 1491.59 249.68 393.20
13 1495.04 237.93 393.74
14 1502.79 238.03 398.28
15 1510.77 234.29 399.89
16 1519.97 227.20 399.17
17 1534.78 238.43 398.20
18 1552.47 248.08 395.85
19 1564.65 256.48 395.29
20 1576.67 258.31 396.52
21 1596.37 256.75 397.82
22 1596.36 237.02 395.95
23 1590.64 222.39 391.60
24 1586.58 198.14 386.85
25 1593.89 193.16 388.10
26 1600.02 188.95 386.82
27 1610.97 185.54 387.22
28 1619.38 181.71 384.89
29 1628.82 177.08 380.15
30 1637.66 176.62 371.75
31 1646.78 170.74 369.16
32 1655.37 171.29 366.10
33 1660.08 162.99 360.81
34 1671.97 164.81 357.69
35 1681.42 163.05 353.84
36 1691.01 156.34 351.45
37 1696.95 155.07 348.66
38 1843.27 60.98 330.52
39 1847.73 59.42 331.16
40 1850.15 57.68 331.18
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STAT. NO. XCOORD YCOORD ZCOORD
15 N 1490.66 640.34 350.09
14 N 1483.38 631.41 353.93
13 N 1476 .91 620.21 357.10
12 N 1474.75 600.93 360.25
11 N 1473.73 586.55 361.34
10 N 1456.45 563.46 360.40

7 N 1443.94 559.93 358.47
8 N 1430.98 557.11 353.31
7 N 1412.18 555.95 350.13
6 N 1396.71 549.34 347.68
5N 1359.76 560.19 344.51
4 N 1346.78 557.44 347.98
3 N 1334.57 560.30 350.72
2 N 1322.98 550.78 350.87
1 N 1315.01 550.98 353.18
1 1306.28 551.88 354.56
2 1300.22 561.30 356.57
3 1291.33 560.53 357.75
4 1281.76 568.27 355.86
5 1281.75 582.14 354.28
6 1273.79 594.88 353.79
7 1262.30 597.92 353.76
8 1253.57 599.97 354.02
9 1246.91 600.76 354.07
10 1235.01 608.91 353.98
11 1227.58 609.73 354.20
12 1216.59 615.15 353.28
13 1203.81 614.11 352.20
14 1196.75 ' 611.71 351.81
15 1170.53 661.34 350.00
16 1167.14 670.31 351.47
17 1158.28 677 .29 351.72
18 1150.65 681.04 353.31
19 1140.18 682.63 355.31
20 1128.90 694.18 358.13
21 1119.00 695.62 358.82
22 1110.57 697.47 361.37
23 1104.20 699.52 362.72
24 1098.43 707.65 362.89
25 1092.70 713.24 361.69
26 1083.78 723.34 359.77
27 1066.93 718.97 359.24
28 1057.69 719.78 361.20
29 1047.95 716.88 361.43
30 1038.87 710.98 360.81
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STAT. NO.

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
72
73
74
75
76
77
78
79
80
81
82

XCOORD

1027.46
1022.20
1014.10
1003.22
994.78
998.15
971.41
964.28
956.91
948.56
939.11
926.54
911.40
903.66
895.42
888.17
879.37
871.83
861.95
855.55
854.50
849.67
844.61
845.61
844.85
841.21
825.02
802.02
789.71
779.58
773.71
759.90
752.93
754.18
745.76
726.92
719.67
714.90
704.99
693.70
678.95
667.53
622.72
612.52
605.05
588.12
578.12
575.18
570.87
573.85
572.73

705.
696.
688.
679.
669.
660.
663.

YCOORD

12
84
29
38
58
52
62

653.40

648.
647.
644.
643.
643.
645.
647.
652.
657.
661.
667.
680.
691.
701.
709.
718.
728.
735.
739.
737.
737.
733.
738.
740.
748.
756.
760.
760.
756.
757.
753.
754.
753.
.38
760.
767.
785.
890.
.97
814.
830.
843.
855.

750

802

48
26
91

14

19
00
94
18
23
33
65
01
16
96
89
99
03
87
97
52
81
47
80
06
08
01
29
47
40
22
90
51
65

09
40
14
55

91
29
10
36
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ZCOORD

361.61
360.29
358.40
356.54
357.00
358.27
360.43
361.95
364.03
365.92
366.79
368.43
370.18
372.17
371.€9
370.74
371.55
373.17
371.82
371.43
371.31
371.43
370.97
371.42
371.67
370.56
370.65
370.37
372.87
370.40
371.51
370.47
371.79
373.02
370.81
367.93
368.55
367.32
365.00
364.26
360.83
355.66
355.85
356.45
355.82
354.25
351.27
348.45
348.66
349.74
345.67
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STAT. NO.

OO~ UTE WN =

XCOORD

1215.01
1215.51
1218.14
1219.21
1218.05
1220.72
1223.10
1222.31
1228.71

YCOORD

223.48
225.68
225.82
223.73
220.61
222.23
221.63
224.29
226.99
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ZCOORD

299.94
300.38
301.17
301.32
301.15
301.69
302.35
302.06
303.02
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Reflection Seismic Lines Lokken West
Approximate Location
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