
�

�
�

�

�
�

�

�

�

�

��

�

�

�

�

��

��

��

��

��

�

�

�

�

��
��

��

��

�
�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

��

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

��
�

� ��

�

�

�

�

�

�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�
��

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

� � �

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�
�

�

��

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�

�

�

�
�
�
��

�

�

�

�

�
�

�

�

�

�

�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
��

�

�

�

�

�

�

�

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

�

�

�
�

�

�

�
�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
� �

�

�

�
�

�
�

��

�
� �

� �

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�
�

�

�

�

�

�
�

�
�

�

�

�

�

�

�

� �

�

�

�

�

�
�

�

�

��

�

�
�

�

�

��
�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
� �

�

�

�

�

�

�

�

��

�
�

�
�

�

�

�

�
�

�

�

�

�

� �

� �

�

�

�

�

�

�

�

�

�

�
�

�

�
�

��

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�
�
�

�

�
�

�

�

�

�

�
�

�

�

�

�

�

�
�

�
�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

��

�

�

�

�

�
�

�

�
�

�
�

�

�

�

�

�

� � �

�

�

�
�

�

�
��

�

�

��

�

�
�

�

�

�
�

�

�

�

�

�

�

�
�

�
��

�

�
�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

� �

�

� �

�
�

�

�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

�
��

�
�

�

� �

�
�

�
�

�

��
�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

�

��
��

�

�
�

�
�

�

�

��

�

�

�

�

� �

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�
�

�

�
�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

� �

��

�

�

�

�

� �

�

�

�

�
�

�

�

�

�

�

�

��

�

�

�

�

�
�

�

��

�

��

�

�

�

�
�

�

�

�
�� �

�

�

��

�

�

�
�

�

�

�

�� �

�
�

�
�

�
�

�

�

�
���

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

��

�

�

�
�

�

�

�
�

�

�

��
�

�
�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

��

�

�

�

�

�

�

�

��
�

�
�

�
�

�

�

�
�

�

�

�

�

�
�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�
�

�
�

�

�

�

�

�

�

�

��

�

�
�

�
�

�

�

�
�

�
�

�

�

�
�

�
�

�
�

�
�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

� �

�

�
�
�

�
�

�

�

�

�

�

��

�

�

�

�

��
�

�

�
�
�

�

� �

�

�
�

�
�

�

�
��

�
�

�

�

�

�

�

�

�

��
�

��

��

�

�
�

�
�

�
�

�

�

�

�

�
� �

�

�

�

�

�
�

�

�

�

�

�

�
�

�

�

�

�

�

�
�

�

�

�

��

�

�

�
�

�

�

�

�
�

�

�

�

�

�
�

�� �

�

�

�

�

��

��

�

�

�

�

�
�

� ��

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
��

�

�

�

�

�

� �

�

�

�
�

�

�

�
�

�

�

��

�
�

���
�

�

�

�
�

�

�

�

�
� �

�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

� �

�

�
�

�

��

�

�
�

�
��

�
�

�
�

�

�

�

�

�

�
�

�

�

�
�

�
�

�

� �

�

�

�
� �

�

�

�
�

�

�

�
��

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

�

��
�

�

�

�

�

�

�
�

��

�

�

�

�

�
�
�

�

�

�

�

�

�

�

�

�
�

�

���

�
�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�
�

�
�

��

��

�

�

�

�

�

�

�

�

�

�
�

�
�

�

�
�

�

�

�
�

�

�

�

�

�
�

�

��

�

�

�
�

�

�
�

�
�

�
�

�
�

��

�

�

�

�

�

�

�

�

�

�

� �

2

2
3

2

2

3

4

2

4

4

2

2

6
6

3afC,6

9

2

2

8

2

8

3

3

4

3

2

3

3

2

8

2

2

2

8

2

3

2

8

7

7

7

7

3

3

2

2

2
1

2
2

2
2 1

1

2 1 2

2

2

3

3

2
3

2

5

33

1

7
2

1

28

37 2
2

1

8

3

2

2

3

8

2

2

2

2

2

2 2

2

2

2

1

3

2
1

2

3

2

7

2 3

3

2

2

5

2

2

2

3

3

2

3

8

2

3

3

3

3

3

3

3

2

2

2

2

2

2

2

2

2

2

2

3

3

2

3

2

2

2

3

2

2

2

3

3

2

2

2

3

3

2

2

1

2

7

2

3

2

2

28

3

2

2

2

8

2

3a

17

2a

2a

2a

C1,2

11a

2a
2a

2a

2a

2a

8c

2a

16

12

12

17

3a

3a

3a

2a

12

12

G2 G2

G2

G2 G3

G2

G3

2a

2a

17

2a

3a

17

17

17

17

17

1217

12

12

12

17

17

9a

3f
2a

3f
2a

2a

2a

17

17

3a

12

3a

3a

2a

12

G2 G2

G2

12

12

12

12

16

16

16

16

8c

2a17
2a

3a

3f

8c 9a

9a

3g

3a

3a

13

G3

12

12

12

2b

2a

8a

7b

3f3f 3f

3f

12a

2a

2a 17

17

17
12

17

2a

17

2a
2a

2a

17

16

17
17 17

17

1212
17

17

17

17

7b

17
17

17

17

17 2a

2a
9a

17

17

17

17

17

17

17

17
16

17

17

17

17

2a

3a

17

3f
3a

2a

8c

12

2a

3f
9a

12

2b

8c

17

17

17

11

3f

3f

3f

2M

3f

3f

2b
2b

9a

13

4b

G9

17

17

2a

2a

17

17

17

2a

17

17

17

17

17

2a

17

122a

17

17

17
16

17

17

17

17

17

2b

G1

8c

8c

8c

3f

3f

3f

3b

8c

8c

G3

2a

G3

3b

G3

3f

2M

8ac

3f

3a
3h

G2

G3

G3
3f

G2

2b

2b

16

3C

G2 3f

3f

3b

9a

3f

3f

4a

8c

3f

4b

3f

G3

3b

G3

3b

3f
3b

3f3b

2a

4a

17

3a

2a

3f

9d

2a

17
17

17

3f

17

8d

2a

2a

2a

3f

16

5i

5i

2a

2a

2b

2a

17
3a

13

3g

13

17

17

2a

3a

8a

17

17

17
3f

17

17

17 3f

2a

2b 11

17

1a

17

10

17

3a

2a

2a

G2

G3

G3

3f

2a1a

G3

2a

G3

3f

3a

2a

2b

3f

2a

2a

3f

G2

2b

2b

2d

3f

G3
2a

2a

2b

3b

G3 3a

2a

G9

2f

2a

G2

2a

G2

2a

4T

2F

3f
3a1a

1f

2a

17

G8

8b

2a

3a9a

1e

2b

2b

G1

G1

G3

G3

G3

3a

3f

9a

2a

G3

8b 5c

8b

1b

1b

1b

3f

2b

1c

1b

G21c

1c

2b

2b

2a

2a

2b

2b

2b

3f

2b

1a

15

15

7b

7b

G1

1c

3f

G1

2T

1b
2b

1c

1c

7b

11

2b

17

3f

2b

5f

5f

5f

1a

3f

10

3g

5g 5a

8a10

3f

17

17 3f
17

10

2a 8a

3a
11 11

3a

2a

3f

3f

2a

17

5f 5f

17
2a3a

2a

3a

17

7d

3a

2a

2b

12

2a

2a
3f

17

17

8a

3a

3a

3f

17

7d

2a

3f

2a

3f

5f

17

G3

G3

3f

G3

G3

G3

3f

G3

3g

3a

3a

2a

3f

G2

G3

9a

9a
2a
G2 2a

2b

3a

G2
G2

1e

3a

G3

G3

G3

3b

17

2b
17

17

2b
3a

3a

3a 9a

G9

G9
9a

9a

G9

G1

9a 9a

G1
3a

3a

3f

2a

3f

3a

3a
3d

3a

G2

1b

G3

3f

3f

2a 3f 7b

G3

G3

G3

7b

G3

3f

3f

7b

G3

7b

2a

2b

7b

3f

3f

3f

G3

4f

4f
7b

G4

4a

G4
4a

4b

4b

7b

17

9a

3a

2b

3g

G3

G3

G2

2c

2bG1

G1

1

G2
G2

G2

G2

G2

G3

3f

3f

2a

2b

3f

1a

2b 2b

G2
2a

G3

2a

2a

4a

4a

6b

2a

2a

2a

2a

1C

1a
1a

G2

2b

2a

3a

2a

8b

7b

8b

8,5f

2a
3a

2a

2a

2a

12

3f

2a

12

3a

17

17 3f

2a

3g

10

2a

2a 2a

2a

G3

G1

G1

G3

2a

2a

G2

2a

G2

G2

G2

G3
7b

G2

1a

1a

G1

G1

1a

2a2a
2a

3

2a
2a

2a

2b

2b

2a

2b

2a
2b

2b

2b

3f

3f

G7

12

12

3h

3h

2a
2a

3a

17
17

3a
12

3a 17

17

17

2a

12

8c

2a

2a

8c

8c

12

3f

12

2a

2a

12

12

12

8c

12

12

8e

10

7b

17

13a

12a

16b

16b

12a
16b

8ad

8ac

8ca

16b
7cd

10b

13a

12a

12a

12a

16b

16b

16a

G12

G12
G12

G12

3fC

13a

13a

13a

16b

16a

16a

16b

16b
16a

16a

16b

16a

12a 12a

16a

16b

12a 12b

12b

12a

12b

16b

3fg

8ad

8ad

8ad

8bc

2ab

3ae

12a

2aF
10a

2aF

2aF

10a

10a 10a
6,7

6bd

3fC

13a

10a

10a

G7b

6bc

12b 12b 12b

12a

3ae

3af

2aM

13a

16b

12a

12a

3ae

12a

2ab

12a
12a

2aM

2aM

2aM

10a 10a

3af

13b

13b

2ab

8ad

2ab

2ab

16b
12a

16b

16b

12a

16b

12a

2ab

12a

2aF

2aF

16a

16a

16a

2ac

16b 16b

16b

16a

16b

16a

16a

12a

12b

2aM

2aF

16a

16b

16b

16b

16a

16b

16a

16b

11b 11b

16a

16a

16b

16b

16a

16b

2aF

3fC

8ac

12a
12a

16b

10c

16b

16b

16b

3fg

3fg

3fg

3ae

16b

12a

12a

12a

12a

12a

12a

2bF

3fg
3fg

2ab
2ab

2aF

2aF

2aT
2aT

2aM

2ab
2ab

2ab

12a

16b

2ab

16b

2aF

3fg
3be

16b

3aC

13a

2aF

2aF

2ab

10a

2ab

12a

1ac

2ab

2ab

8de

8ad

16b

10a

G2F

4ab

8bc

8bc

3aC

16b

8ac

3aC

16b

2ab

12a

2ad

2aF

12a

2aF

13b

2ab

3fc

G2F15d

15d

12a

2aF

G16

13a

2bc

12a

12a

12a

2aF

2ab

2ab

12a

3af

3bf

3bf

3ab

2aM

16b

2aF

3bc

16b

2aF

G10

16b

13a

1ae

8ad

5ij

2ab

2ab

11b
10a

2ab

2ab

3ag

3fg

11b

8ac

8ac

13a5fh

13a

16b

10a

16b

16b
13a

13a

16b

2ab
16b

2ab
2ab

3af

16b

6ad

2ab 2ab

2ab

2bd

5ij

16a

16a

16a

16a 16b

2ab

16b

13a

2ab
1ac

16b

8bd

2ab
G2M

G2F

2ab

G2F
G2F

3fc

3af

3fg

2

7

16a

3fc

16b

16b

8bd

3ac

3ab

3ac

3ac

3fc

2bF

2bF

2ab

2ab

1bc

1bc

G12 12a

12a

12a

12a

12a

12a

12a

12a

2bc

2bc

2bc

2ab

2ab

2ab
G2M

2ab

G2F
2ab

G2F

4aT

G2F

G2F

G2F

G2F

3ac

3aC
16b

16b

52bd

16b

16b

2ac

2be

2aF

2ab

G2M
G2M

2ab 2ab

G2F

G2M

15d

15d

12a
12a

12a

15d

15d

12a

12a

4aT

8ab

8ad

3af

3ac

2ab

2ab

2ab

2ab

3af

3fg

G7e

G2F
2bF

2aF
2ab

G2M
G2F

2ab

2bF
G2F

3fc

3fg

2aF

G7e

2bM G2F

3ae

16b

16b

G16

2ac

G7e

3fc

3ac

3de
3bd

3abG7e

3ad

3ab

G17

16b

16b

16b

5ce

12a

15d

12a

12a

2

3fg

3ae

15d

2bM

2aF

13b

2ab

2bc

3be

3ad

2ba

2be

12a

2aM
10a

16b

12a

12a

2aM
16b

2ae

16b

16b

16b

16a

16b

16b

16b

16b

2af

16b

16b

16b

16b

16a

16b

16b

16b

16b

16b 16b

8bc

16b

12a

16b

2be
2bd

2aF

2aF

13b
13b

13b

13b

13a
13a

15d

15d

3bc

15d

5fg

2ab

3af

12b

3ac

2ab

2bc

16b

3fa

12a

12a

10a

5hf

2ab

G2F

16b

2ab

12a

12a

12a

12a
12a

G12

12a

12a
12b

12b

12b

12b

G12

12b
12a

12b

12b

G12

15d

12b
12b

G12

12b

12b

12b

12b

12b

12b

12b

10a

10a

10a
10a

10a

G12

G12

G12
G12

12b

12b

12b

2

12a

12a

G12

G12

12a

G12
G15d

G15d 12a

12a

12a

12a

12a

12a

12a

12a

12a

12a12a
12a

G12

12a

G15d
12a12a

12a

12a

12a

12a

G15d

12a

12a

12a

12a

12a

G12

12b

12a

12a

12a

G12

11b

12b

2ae

12b

3af

3af

16b

16b

12a

12a

12a

8ac

8ce

12a

12a

12a

G12

G12

3afC

G12b

G15d

G15d

G2/3

G2/3

G2/3

G2/3

G15d

3aefg

6d,7b

2a,1a

3abfe

3abfg

2abcF

6d,7b

2abdF

3fgae

2abce

2abdF

3afgC

2abeM

2abcF

D4acC

3bdef

3abeC

3adeC

3afgC

D4acC

2adeM

2abdM

D4acC

2abdM

2abcM

2abcF

2abeF

3f,4b

G10/9

2abcd

3bceC

3abdC

2abFM

2b,3a

G9,10

2,11a

3f,4b

11a/3

3a,2a

2a,1f

G10/9

3,12b 3a,
4a

2a,1ac

2abM,1

11b,7c

6d,7bd

2h,1cf

9a,10a

2/1

2ab

12a

G12

12a

12a

G12

12a

12a

12a

12a

12a

12a

12a

12a

12a

12a2ab

2ab
G2F

G2M

3fg

2ab

10a

10a3fg

12a 3f,
10a

3fC

1bc

3af

10a

2aF

15d

2ab

12a

12a

12a

G2M

12a

10a

16b

5hf

5hf

13a

2ab

11b

13a

5fh

1a

2ab

5bc

12a

11b

10a

2ab

2ab

8bd

7dc

17

8bd

2ab

8bc

5fg
2ab

2ac

2ab

2ab

10a

12a

3af

2ab

2ab
2ae

2ab

8ac

G7b

G7b

15d

3fg

15d

3af

7bc

G2F

10a
G10

2ab

3bd

10a
3bd

3ab

2ab

G11
G9a

G10

G9a

3ah

3ab

G17

G16
16b

16b

3ad

3ad

3ad

G12

12a

12a

G15d

G15d

G12

15d

1bc

1bc3fg

10a

1bc

G7b 12a

G7b

10a
3fa

3fa
3ag

G10
G10

G10

G10

G10

G10

G10

G10

G7b

G7b

G7b

10a

10a
3af

3fg

G7b

G7b

G7b

3ac

3fa

3af

3fa3fg

3fa
10a

10a

10a10a

10a

10a

10a

10a

3fg

G10

8ac

3fg
3fg

10a

12b

12b G7b

G12

12b

G12

12b

12b

3fg

12b

4af

12b

12b
12b

G7b

12b

G7b

12b

G12

4bf

G16

16b

16b
D9a

1ac

16b

16b

16b

12b

12b

3ad

16b

16b

2ab

2bd

2ab

2ab

2ab

G12

G12 G12

G16

G15d

12b

G12
12a

G15d
15d

15d
1aK

G12

G12

G7b

2ab

10a
15d

12b

10a10a

10a

10a

10a

10a
10a

10a

10a

12b

G7b

12b

12b

12b

12b

12b

12b

12b
2af

10a

2ab

12b

12b

12b

12a

10a

12a

2ab
2bF

2bF

4af

12a

10a

10a

12b

16b

10a

D3a

10a

16b

10a

10a

2ab

3fg

3fg

2ab

2ab

8ab

3ag
2ab

2ab

2ab

1ac

8ab

8ab

11b

11b

2ab

2ab

2ab

1af
11a

1af

8ab

2ad
11b 1af

11b

10a

2ah

2ab

5fg

2ad

11b

13a
2ab

12a

G12

G12

12b

12a

12a

12b

12b

12a

12b

12b

12b15d

12b

3ag

G15d

12b

12b

12a

12a

12b

12b

12b

12b

15d

12a

12a

12a

12a

G15

12a

12b

12a

12a

12a

12a 12a

12a
G15d

12a

12a

10a

10a

12a

12a

12a

12a

G12

12a

G12

G12

G12

10a

10a

12b

12b

G12

G12

G12

12a

G12

G12

G12

G12

G15d

G12

G12

G12

G12

G12

G12

12a

12a

G12

G12

G12

G12

G12

G12

G12

G12

12a

G12

G12

G12

G13

12a

12a

12a

G12

G12

G12

12a

8ce
8ce

12a

2ah

8ce

G12

G12

G12

G12

G15

12b

12a

12b
1aK

16b

12b

9,10

9,10

9,10

12ba

12ab

12ba

2abM

2abM

3aef

16b

3afg

3bfg
3aef

2abM

3abe

3abe

3afe

3aef

3afg

3adf

3afg

2abM

2adM

2bcF2bcF

2abd

G2/1

3fae

2abF

2abF

10ac
2abF

3abC

2abT

2abc 2abF

3afg

2abM

2abM

2abM

2acF

G9/1
G9/1

3bef

G9/1

3acC

2acF

G13a

G13b

G13b

3fgC

1abK

4abc

3abC

3abC

3aeC

3acC

2bce

3beC

2bdF

3abf

G10a

2abe

2abc

5fgh

2abe

2abe

2abd

2bdM

G1/9

G3/2

3abd

3aec

3adc

2acF

2abc

G3/2

3aC

3,2a

3aeC

3afC

1acB

2abc

2abc

2abe 2bde

2abc

8adc

2adF

2abM

3abe

3afc

2abc

3cdC
3abd

1cKO

2beM

2abF

2abF

2abM

2abF

5fgh

2abd

2abe

3afg

8abd

8abd

5fgh

2abd

3abd

2abc

G7bc

10ac

G7bc

G7bc

3afc

3fgC

1acB

G2/1

G2/1

G7bc

2abT

G12b

2abc

2abe

2abe

1acf

3abd

10a,9a

9a,10a

9a,10a
9a,10a9a,10a

9a,10a

9a,10a

9a,10a

9a,10a

10a,9a

2b,10a

9a,10a

9a,10b

2ah,11a

2ab,
10a

8

3

2

17

17

2a

2a

3h

172a

2a

10

10a

10a

10a,
9a

11a

11b

13

13a

16a

16b

16b

17

17

17

2a

2a

2a,1a

2a,9a

2ab

2abe

2abF

2abF

2abf

2ae

2aeF

2aF,3f

2ah,11a

2be

3a

3a

3ac

3af

3f

3fc

7b

7dc

8abc

9a

G3

G7b

G7bc

10a

16b

16b

12a

2b

15d

15d

15d

15c

15c

15c

15c

15d

15d

15c

G2

G7e

16a
16b

2703 ± 2 Ma

2699 ± 3 Ma

2688 ± 1 Ma

<2687 ± 3 Ma

<2688 ± 1 Ma

<2686 ± 2 Ma

<2690 ± 3 Ma

2719 ± 1 Ma

2708 ± 1 Ma

2671 ± 31 Ma

2687 ± 1 Ma

2702 ± 3 Ma

2707 ± 1 Ma

2711 ± 2 Ma

2717 ± 2 Ma

2726 ± 1 Ma

2727 ± 1 Ma

2728 ± 2 Ma

2741 ± 10 Ma

<2702 ± 1 Ma

5

5

5

5

5

8

5

8

75

20

85

20

10

14

20

70

65

70

55

85

80
70

85

85

25

70

75

85

70

85

80

10

60

70

65

80

75

75

75

80

80

85

80

25

80

80

75

14

20

10

10

20

18

65

80

85

80

85

85

80

80

78

80

85

80

85

70

15
30

10

10

75

80

75

75
65

10

10

25

30

85

15
20

1515

10

15

20

15

30

82

80

15

45

80

80

80

70

80

70

85

70

20
60

40

20

75

85

80

85

85

70

60

80

80

80

70

75

70 75
80

20
55

75
15

15

25

15

10

10

10

25

20
10

15

10

15

20

10

50

10

15

25

15

20 20
15

40

10

35

20

15

20

20

10
10

15

55

60

15

85

80

85

80

80

12

80

80

85

85

65

80

70

85

85

80

75

13

25

70

65

80

60

70

70

80 80

80
60

85
70

65

65

60

70

60

80

10

17

15

80

30

80

85

80

80

85

85

30

85

85

80

70

40
65

50

40

65

23

60

85

75

65

82

65
70

80

80 35

8077

80

60

80

65

80

55

70

72

70

55

83

80

75

85

54
52

80

75

80

85

60

50
15

10

10

70

70

80

45

80

80

80 85

59
38

80

80
80

10

68

15

75

70

70

75

80

75

83

85

70

45

80

80

50 43

85

7551

28

55

38

81

50

55

83

70

75

75

65

80

45

77

58
47

78

64

65

55

65

10

65

80

75

64

35

75

80

80

85

65
45

70

50

75

65

85 65

80

80

60 80

20

80

85

75

80
85

70
70

85
70

65

70

70

80

80

80

55
65

70

65

60 80
80

60

70

80

8575

70

70

70

85

60

80

25

70

75

35

60 71

65

40

40

32

70
55

60

60

75

80

70

66

75

45

15

65

85
63

75

68
82

75

76

70
75

40

65

70 32

30

52
45

35

30

45

45

40

50

40

45
60

80

70

80

45

45

70

60

60

70

75

45

47

75

80

70

85

80

80

65

85

70

70

80

80

65

75

65

60

70

65

75

75
75

75

70

55

80

75

80

80

85

80 80

80
75

85

75

70

65

65

85

80

55

70

85

40

65

55

13

55

80

80

80

60

45

35

40

60

55

75

87

38

75

75
60

50

80

78

74

45

30

80
65

70

80

55

75

35

50

32

40

75

50

65

65

80

60

80

80

80

55

45

65

60

72

75
75

70

75

75

80

85
78

75

70

65

75

70

80

70 55

60

72

84

82

75

75

75

75

80

80

85

65

70
60

70

70
70

85
75

60 80

65

80

85 80

52

60

65

80

85

70

75

85

85

80 80

80

80

80
75

85

85

80

75

70

75

60

83

85

76

85

72

72

60

85

73

80

83

83

85

65

80

85

85

70

80

75

15

10

85

80

10
80

70

10

35

80

75

80

65

80

85

45

80

75

70

70

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

Baker Creek

W
hitefish River

N
ig

ht
 H

aw
k R

iv
er

Ni
gh

t H
aw

k 
Ri

ve
r

H
azen C

reek

Beaver Creek

Hanover Creek

Calcite Creek

Sulphide Creek

Donnegana River East Wapus Creek

IR 2

FRIPP TWP

TOGO TWP

HUTT TWP

KNIGHT TWP

HINCKS TWP

MICHIE TWP

GOUIN TWP

KEMP TWP

LEITH TWP

MATTAGAMI
I.R. 71

DOON TWP

MOND TWP

NICOL TWP

TYRRELL TWP

GEIKIE TWP

NATAL TWP

DOYLE TWP

MOREL TWP

LEONARD TWP

RAYMOND TWP

MOHER TWP

CABOT  TWP

ZAVITZ TWP

MCNEIL TWP

RANKIN TWP

FASKEN TWP

SEMPLE TWP

KELVIN TWP

MILNER TWP

BADEN TWP

NURSEY TWP

BEEMER TWP ARGYLE TWP

POWELL TWP

MONTROSE TWP

FALLON TWP

HASSARD TWP

ENGLISH TWP

YARROW TWP

ASQUITH TWP

CLEAVER TWP

VAN HISE TWP

FAWCETT TWP

DOUGLAS TWP

SOTHMAN TWP

MIDLOTHIAN TWP

ROBERTSON TWP

BURROWS TWP

BARTLETT TWP

McKEOWN TWP

HAULTAIN TWP

HALLIDAY TWP

CHARTERS TWPMIRAMICHI TWP

EMERALD TWP

MUSGROVE TWP

MCARTHUR TWP

CHURCHILL  TWP
BRUNSWICK  TWP

CONNAUGHT  TWP
MACMURCHY TWP

NOBLE TWP

BANNOCKBURN TWP

LONDONDERRY TWP

EMERALD TWP

HAZEN TWP

SHEBA TWP

GROVES TWP

ROBLIN TWP CAIRO TWP

STETHAM TWP

McBRIDE TWP

CHOWN TWP

NORDICA TWP
REYNOLDS TWP

LAWSON TWP

CHAMPAGNE TWP

CORKILL TWP

CHILDERHOSE TWP

KIMBERLEY TWP

SHILLINGTON TWP

ALMA TWP

ALMA TWP

IR 71

Gowganda

Matachewan

Shining Tree

¥¥560

¥¥566

¥¥560

¥¥560

¥¥144

¥¥144

¥¥66

Soot Lake

Lost
Lake

Otto
Lake

Mond
Lake

Shack
Lake

Firth
Lake

Bloom
Lake

Marne
Lake

Blair
Lake Lloyd

Lake

Hazen
Lake

Elmer
Lake

Gouin
Lake

Forks
Lake

Bruce
Lake

Aragon
Lake

Spider
Lake

Stumpy
Lake

Waonga
Lake

Wigwam
Lake

Pigeon
Lake

Duncan
Lake

Crotch
Lake

Grassy
Lake

Ferris
Lake

Rankin
Lake

Zigzag
Lake

Nursey
Lake

Clarke
Lake

Bell
Island

Semple
Lake

Austen
Lake

Hincks
Lake

Scott
Lakes

Currie
Lake

Quartz
Lake

Fortune Lake

Elkhorn
Lake

Hanover
Lake

Penassi
Lake

Lehmann
Lake

Stetham
Lake

Dumbell
Lake

Ferrier
Lake

Geikie
Lakes

Marceau
Lake

Halliday
Lake

Gowganda
Lake

Sinclair
Lake

Sisseney
Lake

Rhyolite Lake

Wabiasin Lake

Musgrove Lake

Bartlett
Lake

Radisson
Lake

McArthur
Lake

Mattagami
Lake

Nabakwasi
Lake

Pettipher
Lake

Longpoint
Lake

Obushkong
Lake

Kapiskong
Lake

Peterlong
Lake

Whitefish
Lake

Splitrock
Lake

Okawakenda Lake

Duckbreast
Lake

Metikemedo
Lake

Kenetogami
Lake

Midlothian
Lake

Mistinikon
Lake

Matachewan
Lake

Kitchiming
Lake

Papakomeka
Lake

Londonderry
Lake

Lower
Forks
Lake

Kenogamissi
Lake

Hangingstone
Lake

Upper
Grassy
Lake

Lower
Stetham

Lake

Middle
Stetham

Lake

Mount
Sinclair

Lake

Lower
Michegama

Lake

Lower
Opikinimika

Lake

Pear
Lake

Claw Lake

Banker
Bay

Moher
Lake

Mosher
Lake

LeHeup
Lake

Arthur
Lake

Reading
Lake

Houston
Lake

Bigfour
Lake

Sothman
Lake

Montrose
Lake

Fryingpan
Lake

Flatstone
Lake

Canoeshed
Lake

Muskasenda
Lake

Shillington
Lake

Michiwakenda
Lake

Lower
Matachewan

Lake

East
Shining

Tree
Lake

47°29′36″

30′

40′

50′

48°00′00″

10′

47°29′41″

30′

40′

50′

48°00′00″

10′

 

81°40′26″
48°16′36″

30′ 20′ 10′ 81°00′00″
50′ 40′ 80°35′44″

48°16′35″

80°36′06″40′50′81°00′00″10′20′30′81°39′49″

60

40

70 80 90
500000m 10 525000m

520000m10500000m90807060

70

80

90

5300000m

10

20

30

5345000m

30

20

10

5300000m

90

80

5265000m

455000m 65 75 85 95 05 15 20

40

35

25

15

05

95

85

75

70

5345000m

35

25

15

05

95

85

75

5265000m

455000m 65 75 85 95 05 15 25

PRECAMBRIAN
PROTEROZOIC

15a   Matachewan (2452 Ma) (NW)
15b   Biscotasing (2167 Ma) (ENE)
15c   Sudbury (1238 Ma) (WNW)
15d   Abitibi (1140 Ma) (ENE)

INTRUSIVE CONTACT

Alkalic Intrusive Suite
13a   Syenite, monzonite, granite
13b   Diorite, syenodiorite, monzogabbro, hornblendite
13c   Schistose-textured

Felsic to Intermediate Intrusive Suite
12a   Tonalite, granodiorite, trondhjemite
12b   Granite, quartz monzodiorite, quartz diorite
12c   Schistose-textured

Porphyry Suite
11a   Porphyry
11b   Quartz and/or feldspar porphyry
11d   Tonalite, granodiorite

Mafic Intrusive Rocks
10a   Diorite, gabbro, metagabbro
10b   Porphyritic
10c   Anorthositic gabbro, leucogabbro
10d   Granophyre

Ultramafic Intrusive Rocks
9a     Peridotite, pyroxenite
9c     Schistose-textured

INTRUSIVE CONTACT

Timiskaming-Type Clastic Metasedimentary Rocks
8a     Arenite
8b     Wacke
8c     Conglomerate
8d     Mudstone, siltstone
8e     Schistose-textured

UNCONFORMITY

Chemical Metasedimentary Rocks
7a     Iron formation
7b     Oxide facies
7c     Sulphide facies
7d     Silicate facies, chert
7e     Graphite facies

Clastic Metasedimentary Rocks 
6a     Arenite
6b     Wacke
6c     Conglomerate
6d     Mudstone, siltstone
6f      Schistose-textured

5i     Tuff, lapilli tuff, lapillistone
5j     Pyroclastic breccia, flows, autoclastic breccia

Felsic (to Intermediate) Metavolcanic Rocks/Intrusions
4      Unsubdivided 
4a    Massive flows
4b    Tuff, lapilli tuff
4c    Tuff breccia, pyroclastic breccia 
4d    Porphyritic
4e    Spherulitic
4f     Schistose-textured
4C    Calc-alkalic
4T    Tholeiite

Intermediate (to Felsic) Metavolcanic Rocks/Intrusions
3a    Massive flows
3b    Pillowed flows
3c    Variolitic flows
3d    Hyaloclastite, flow breccia
3e    Amygdaloidal flows
3f     Tuff, lapilli tuff
3g    Tuff breccia, pyroclastic breccia
3h    Schistose-textured 
3C    Calc-alkalic
3T    Tholeiite

Mafic (to Intermediate) Metavolcanic Rocks/Intrusions
2a    Massive flows
2b    Pillowed flows
2c    Variolitic flows
2d    Hyaloclastite, flow breccia
2e    Amygdaloidal flows
2f     Tuff, lapilli tuff
2g    Tuff breccia, pyroclastic breccia
2h    Schistose-textured
2C    Calc-alkalic
2F    High-iron tholeiite
2M   High-magnesium tholeiite
2T    Tholeiite

Ultramafic (to Mafic) Metavolcanic Rocks/Intrusions
1a    Massive flows/intrusions
1b    Polysutured flows
1c    Spinifex-textured flows
1d    Pillowed flows
1f     Schistose-textured 
1B    Basaltic komatiite
1K    Komatiite
1O   Olivine-spinifex

Alkalic and Subalkalic Metavolcanic Rocks/Intrusions
(Unconformable Timiskaming Type)
Alkalic Metavolcanic Rocks/Intrusions
5a    Massive flows
5b    Porphyritic flows
5c    Tuff
5d    Breccia, pyroclastic breccia
5e    Schistose-textured
Subalkalic Metavolcanic Rocks
        Intermediate to Felsic Reworked Metavolcanic 
        Rocks
5f     Wacke, tuff
5g    Lapilli tuff, lapillistone
5h    Tuff breccia, pyroclastic breccia

Intermediate to Felsic Metavolcanic Rocks

16a   Lorrain Formation
16b   Gowganda Formation

Sedimentary Rocks

Mafic Intrusive Rocks:
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Bedding 
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(trend only,
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Geochronology date
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Mineral Deposit Size

asbe ± (Ag, Au, Cu, Ni)
Au ± (Ag, Co, Cr, Cu, Fe, Mo, Ni, Pb, Pd, W, Zn)

Cu ± (Ag, asbe, Au, Co, Fe, Mo, Ni, Pb, Zn)

bari
Bi ± (Mo)
Co ± (Ag, Au, Cu, Ni)

Fe ± (Ag, Au, Cu, Ni)
gmhm
Mo ± (Au, Ag, Cu, Pb)
Ni ± (Ag, Au, Co, Cr, Cu, Pb, Zn)
Pb ± (Ag, Cu, Ni, Zn)
Ptm ± (Cr, Cu, Ni)
Zn ± (Ag, Au, Cu, Fe, Ni, Pb)

Mineral Deposit Type

Producing/past producing mine

Prospect

Occurrence

Felsic to Intermediate Intrusion-Associated Deposits

Mafic to Ultramafic Volcanic and Intrusion-Associated Deposits

Sediment-Associated Deposits

Vein/Replacement Deposits

Volcanic-Associated Deposits

Unknown Hard Rock Deposit Type

This geological compilation of the Matachewan area is the fifth in a series
of 1:100 000 maps and GIS data sets of the Abitibi Subprovince in
Ontario being compiled over the next few years.

This geological map of the Matachewan area was compiled from published
maps and reports of the Ontario Geological Survey and the Geological
Survey of Canada. In addition, information from unpublished reports and
maps on file with the Ontario Geological Survey, university theses, papers in
professional journals, geophysical maps and satellite images were
incorporated.

Geological interpretation was further enhanced by utilizing the Earth
Resources and Land Information System (ERLIS) databases such as
the Assessment File Resource Inventory (AFRI), the Drill Hole (DH)
database, the Lithogeochemical (LGC) database and the Mineral
Deposit Inventory (MDI) database. 

Magnetic declination in 1999 through the center of the map area was
10°50′ W. Mean annual change is 0.8° easterly.

*Abbreviations used for commodities:

Ag = silver
asbe = asbestos
Au = gold
bari = barite
Bi = bismuth
Co = cobalt

Cr = chromium
Cu = copper
Fe = iron
gmhm = hematite
Mo = molybdenum
Ni = nickel

Pb = lead
Pd = paladium
Ptm = platinum
   minerals
W = tungsten
Zn = zinc

2.   Ashley
3.   Bartlett
4.   Bishop
5.   Bonsall
6.   Capitol
7.   Castle
8.   Castle-Trethewey
9.   Herrick
10. Hudson Bay
11. Kell
12. Mann
13. Matachewan
14. Matarrow

This is a compilation legend.
Units preceded by "G" are based on interpretation from aeromagnetic 
maps; those preceded by "D" are from drilling information; "C" denotes 
compiled information.
Rocks are subdivided lithologically and the order does not imply age 
relationships within or among groups.
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     Ontario Geological Survey, Preliminary Map P.3527, scale 1:100 000.

The Abitibi Subprovince is an 800 by 300 km Archean “granite-greenstone”
domain situated along the southern margin of the Superior Province. It is
dominated by supracrustal and granitoid rocks with a range of ages from
2.75 to 2.67 Ga (Jackson and Fyon 1991). Historically, the Abitibi greenstone 
belt was considered to be that portion of the Abitibi Subprovince extending 
to the western margin of the extensive granitoid complexes west of Timmins. 
New mapping and geochronological evidence (Heather et al. 1995) shows 
that the Swayze greenstone belt contains many of the structures and 
stratigraphic ages typical of the Abitibi belt in the Timmins–Kirkland Lake 
area and is now interpreted to represent a deeper erosional level of a 
once-continuous Abitibi greenstone belt extending to the Kapuskasing 
Structural Zone. 

The Abitibi greenstone belt is one of the world's largest, best preserved 
and most economically productive greenstone belts in the world.

The Matachewan map sheet covers the area from approximately 15 km
east of Gogama as far east as the western boundary of the 1:100 000
Kirkland Lake map sheet (P.3425), and from the southern margins of the
1:100 000 Timmins and Lake Abitibi map sheets (P.3379 and P.3398, 
respectively) to approximately 20 km south of Gowganda. Rocks are 
classified on the basis of their dominant lithology using textures, structures 
and both approximate and specific compositions to refine the classification. 
Geological information has been primarily compiled from previous mapping. 
New interpretations of the extent of lithological units, specifically in the 
areas lacking outcrop, have greatly benefited from the use of the reprocessed 
geophysical data for this area (Gupta 1995, 1996). As well, geochemical 
data have allowed for the further subdivision of the metavolcanic rocks.

THE ABITIBI SUBPROVINCE

15. Midlothian
16. Miller Lake 1
17. Miller Lake 2
18. Millerett
19. Morrison
20. Reeve
21. Ryan Lake
22. Stairs
23. Texmont
24. Tonapah
25. Tyranite
26. Wasapika
27. Welch
28. Young Davidson
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A significant number of past-producing silver mines are present in the
Gowganda part of the Matachewan area. Other past-producing mines
produced various amounts of gold, bismuth, cobalt, copper, lead,
molybdenum, nickel and zinc. The industrial mineral asbestos has been
produced in the past, while the Ontario Barium Mine is presently producing
barite. The potential exists for structurally controlled gold mineralization in
various host rocks. Copper-zinc-lead mineralization may be found in
association with metavolcanic sequences. Potential exists for nickel-
copper-platinum in the ultramafic/komatiitic rocks identifed in the area.
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