
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



Page 7 of 51

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



Page 9 of 51

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



Page 11 of 51

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



For Peer Review Only0 10 km

N

Siljan

SWEDEN

600km

N

Lake
Ore

Skattungbyn

Boda
Mora

Orsa
Lake
Orsa

Rättvik

Lake Siljan

Kallholn

Lake
Skattungen

Gravberg-1

Stenberg-1

Mora 001

Stumsnäs 1

Solberga 1

Mora pro
le

Ors
a

pr
o

le

Legend
To wn /co m m u n ity

P re ca m b ria n b e d ro ck

Late Tremadocian to
Wen lock  s ed imen ta ry  rock

Ku lls b e rg Mo u n d s

Bo d a Mo u n d s

R o a d s R a il ro a d

Ig r e n e AB d r ill s it e s

   Figure 01 (top)

S e ism ic p r o le s

S tu d y a r e aLa te S ilu r ia n se d im e n tary
rock (Or sa S a n d s ton e )

D e e p  w e l l

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



100
140

180
220

260
300

340
380

420
460

100
140

180
220

260
300

340
380

420
460

500
540

580
620

660

110
140

180

300
340

100

220
260

Fi
gu

re
02

(to
p)

0
20

0
10

0
30

0
40

0
50

0

D
is

ta
nc

e
(m

)

N

260

M
or

a
V

M
-2

M
or

a
0

0
1

V
at

tu
m

yr
a

P
ro

d
u

ct
io

n

M
ob

ill
yf

t

M
or

a
M

V
-3

Lin
e

1

Lin
e

2

Lin
e

3

Li
4

G
FF

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47



G
am

m
a 

G
am

m
a 

G
am

m
a 

G
am

m
a 

G
am

m
a 

A
P

I 
A

P
I 

A
P

I 
A

P
I 

A
P

I 
10

0 
10

0 
10

0 
10

0 
10

0 
50

0 
50

0 
50

0 
50

0 
50

0 

P
So

ni
c 

P
So

ni
c 

P
So

ni
c 

P
So

ni
c 

P
So

ni
c 

m
/s

 
m

/s
 

m
/s

 
m

/s
 

m
/s

 
20

00
 

20
00

 
20

00
 

20
00

 
20

00
 

80
00

 
80

00
 

80
00

 
80

00
 

80
00

 

M
ou

nd
 L

im
es

to
ne

S
ha

le
Li

m
es

to
ne

M
ix

ed
 L

im
es

to
ne

 /
 s

ha
le

M
aj

or
 t

hr
us

t 
pl

an
es

S
ilu

ri
an

O
rd

ov
ic

ia
n

B
as

em
en

t

C
al

ca
re

ou
s 

M
ud

st
on

e
S
ha

le
S
an

ds
to

ne
S
ilt

st
on

e
Li

m
es

to
ne

M
ou

nd
 L

im
es

to
ne

Fe
ls

ic
 r

oc
ks

G
ab

br
o

Er
os

io
na

l h
ia

tu
s

Li
th

os
tr

at
ig

ra
p

h
y

Li
th

ol
og

y
Pa

r-
au

to
ch

th
on

ou
s 

su
cc

es
si

on

A
llo

ch
th

on
ou

s
(m

ul
tip

le
 t

hr
us

t 
sl

ic
es

)

0

10
0

20
0

30
0

40
0

50
0

Depth (m TVDSS)
M

or
a 

V
M

-2
M

or
a-

00
1

Va
tt

um
yr

a 
Pr

od
uc

tio
n

M
ob

ill
yf

t
M

or
a 

M
V-

3

A
lte

rn
at

in
g

S
ilu

ri
an

 a
nd

 
O

rd
ov

ic
ia

n

S
ig

ni
fic

an
t

Th
ru

st
in

g
O

bs
er

ve
d

in
 B

as
em

en
t

Fi
gu

re
 0

3 
(to

p)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48



0.
1

0
0.

1
0.

2

0

0.
05 0.
1

0.
15 0.
2

0.
25

40
00

60
00

0

0.
05 0.
1

0.
15 0.
2

0.
25

1
1.

5
2

x
10

4

0

0.
05 0.
1

0.
15 0.
2

0.
25

0
0.

1
0.

2

0

0.
05 0.
1

0.
15 0.
2

0.
25

2.
6

2.
8

3

0

0.
05 0.
1

0.
15 0.
2

0.
25

Ve
lo

ci
ty

(m
/s

)
De

ns
ity

(g
/c

m
3
)

Ac
ou

st
ic

Im
pe

da
nc

e
Sy

nt
he

tic
Tr

ac
e

TWT(s)

hi
gh

-a
m

pl
itu

de
re

ec
tio

n

Depth(m)

dMudestone Shalean Limestone  Felsic FelsicGabbro

950 39
0

48
0

52
5

69
0

Fr
eq

ue
nc

y 
(H

z)

A
m

pl
itu

de
 S

pe
ct

ru
m

0
5

10
15

20
25

30
-0

.50

0.
51

S
o

u
rc

e
w

a
v

e
le

t

0 
10

0 
20

0 
30

0 
40

0 
50

0
0

.

0.
2

0.
4 

0.
6 

0.
8 1    

Fi
gu

re
 0

4 
(to

p)

Amplitude (dB)

R
ef

le
ct

io
n 

C
oe

ffic
ie

nt

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47



-0.35

-0.
1

-0
.1

-0.1 0.15

0.
15

0.15

0.
1 5

0.
15

0.
15

47
2.

5
47

3
47

3.
5

47
4

47
4.

5
47

5
47

5.
5

67
58

.5

67
59

67
59

.5

67
60

67
60

.5

67
61

67
61

.5

67
62

67
62

.5

Line 1

Line 2

Line 3

Line 4

-0
. 6

- 0
.6-0
.10.

4

47
2.

5
47

3
47

3.
5

47
4

47
4.

5
47

5
47

5.
5

67
58

.5

67
59

67
59

.5

67
60

67
60

.5

67
61

67
61

.5

67
62

67
62

.5

Line 1

Line 2

Line 3

Line 4

-0.5

-0
.5

0

0

0.
5

0.5

47
2.

5
47

3
47

3.
5

47
4

47
4.

5
47

5
47

5.
5

67
58

.5

67
59

67
59

.5

67
60

67
60

.5

67
61

67
61

.5

67
62

67
62

.5

Line 1

Line 2

Line 3

Line 4

Bo
ug

ue
r a

no
m

aly
    

  (m
Ga

l)
Re

gi
on

al 
an

om
aly

Re
sid

ua
l a

no
m

aly
    

  (m
Ga

l)

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

W
-E

 (k
m

)
W

-E
 (k

m
)

W
-E

 (k
m

)

N-S (km)

N-S (km)

N-S (km)

A
B

C

Fi
gu

re
05

 (t
op

)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47



0

100

200

300

400

500

D
ep

th
(m

)

150200250300350400450500550600650

CDP

Mora MV 3 NESW
Line 3

200m

0

100

200

300

400

500

D
ep

th
(m

)

150200250300350400450500550600650

CDP

Mora MV 3

? ?

?

200m

Line 3
NESW

Mound Limestone
Shale
Limestone
Mixed Limestone / shale
Thrust plane

Calcareous Mudstone
Shale
Sandstone
Siltstone
Limestone
Mound Limestone
Felsic rocks
Gabbro
Erosional hiatus

(multiple thrust slices)

Well lithostratigraphy (right)Well lithology (left)
Silurian
Ordovician
Basement

Paleozoic rocks
Crystalline rocks
Fault
Boundary

Seismic interpretation

Par-autochthonous succession Allochthonous

Figure 06 (top)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



Mora 001
NESW Line 3Line 4

200m

0

100

200

300

400

500

D
ep

th
(m

)

150200250300350400450

CDP

0

100

200

300

400

500

D
ep

th
(m

)

?

?

150200250300350400450

CDP

Mora 001

Mor a VM-2

Mor a VM-2

Line 3Line 4 NESW

200m

Figure 07 (top)

Mound Limestone
Shale
Limestone
Mixed Limestone / shale
Thrust plane

Calcareous Mudstone
Shale
Sandstone
Siltstone
Limestone
Mound Limestone
Felsic rocks
Gabbro
Erosional hiatus

(multiple thrust slices)

Well lithostratigraphy (right)Well lithology (left)
Silurian
Ordovician
Basement

Paleozoic rocks
Crystalline rocks
Fault
Boundary

Seismic interpretation

Par-autochthonous succession Allochthonous

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



Line 2
NW SE

200m

0

100

200

300

400

500

D
ep

th
(m

)

150 200 250 300 350

CDP

0

100

200

300

400

500

D
ep

th
(m

)

150 200 250 300 350

CDP

Line 2
NW SE

200m

Seismic interpretation

Paleozoic rocks

Crystalline rocks
Fault
Boundary

?

Figure 08 (top)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



Line 2
NW SE

100m

0

100

200

300

400

500

D
ep

th
(m

)

150 200 250

CDP

Mor a VM-2

Figure 09 (top)

Mound Limestone
Shale
Limestone
Mixed Limestone / shale
Thrust plane

Calcareous Mudstone
Shale
Sandstone
Siltstone
Limestone
Mound Limestone
Felsic rocks
Gabbro
Erosional hiatus

(multiple thrust slices)

Well lithostratigraphy (right)Well lithology (left)
Silurian
Ordovician
Basement

Paleozoic rocks
Crystalline rocks
Fault
Boundary

Seismic interpretation

Par-autochthonous succession Allochthonous

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



Lin
e

1

Line 2

Line 3
Line 4

Mobilyft

MV-3

Mora 001

VM-2

VM-production

Fault block 3
Fault block 2

Fault block 1

A B
0 0.5 1.0

Distance (km)

N

A

A'

Fault block 1 Fault block 2 Fault block 3

D
ep

th
(m

)

500

0

200m

Paleozoic rocks Lithology (Fault block 2)
Crystalline rocks
Fault

Shale / mudstone
Sandstone
Siltstone
Limestone

A A'

Figure 10 (top)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



20
0

40
0

60
0

60
0

40
0

20
0

0
20

0
40

0
60

0

-0
.2

0

-0
.1

0

-0
.0

0

0.
10

0.
20 0.
0

Di
sta

nc
e(

m
)

SW
NE

M
o

ra
0

0
1

M
o

ra
V

M
-2

Residual
(mGal) Depth(m)

A

M
od

el
ed

da
ta

M
ea

su
re

m
en

td
at

a

0.
08
5

-0
.0
4

Fi
gu

re
11

(t
op

)

?
?

M
ou

nd
Li

m
es

to
ne

S
ha

le
Li

m
es

to
ne

M
ix

ed
Li

m
es

to
ne

/
sh

al
e

Th
ru

st
pl

an
e

C
al

ca
re

ou
s

M
ud

st
on

e
S

ha
le

S
an

ds
to

ne
S

ilt
st

on
e

Li
m

es
to

ne
M

ou
nd

Li
m

es
to

ne
Fe

ls
ic

ro
ck

s

Er
os

io
na

lh
ia

tu
s

(m
ul

tip
le

th
ru

st
sl

ic
es

)

W
el
ll
ith

os
tr
at
ig
ra
ph

y
(r
ig
ht
)

W
el
ll
ith

ol
og

y
(l
ef
t)

S
ilu

ri
an

O
rd

ov
ic

ia
n

B
as

em
en

t

Pa
le

oz
oi

c
ro

ck
s

C
ry

st
al

lin
e

ro
ck

s

D
en

si
ty

m
od

el
in
te
rp

re
ta
ti
on

B

Pa
r-

au
to

ch
th

on
ou

s
su

cc
es

si
on

A
llo

ch
th

on
ou

s

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



�

�

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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


