THE TABLE OF ELLIPTIC FIBRATIONS ON
(1,7)-GENERIC ENRIQUES SURFACES

SIMON BRANDHORST AND ICHIRO SHIMADA

ABSTRACT. We present the table of elliptic fibrations for all (7, 7)-generic En-
riques surfaces.

In our paper [1], we presented the table of elliptic fibrations of (7, 7)-generic
Enriques surfaces with rank7 < 7. In this note, we present the full table including
the cases where rank 7 > 8.

No. 1: (Al, Al) No. 6: (Ag, Ag)
none none 136 none As 1
Ay none 255 2A7 none 36

As none 64

No. 2: (241,24,) A3 mone 54
none none 36
none A; 1

Ay none 128
2A; mnone 126

No. 3: (AQ, AQ) No. 7: (4A1, 4A1)
A; none 136 none none 3
As; none 119 Aq none 16

2A; none 48

No. 4: (3A1, 3A1) 2A1 Al 6

3A; none 64
none none 10 4A; none 25
Aq none 48
Ay Aq 3

2A; none 96
3A1 none 60

No. 5: (AQ + Al, Ay + Al)
No. 8 (44, Dy)

none Aq 1

Ay none 36 none none 10
Ay + Ay none 63 none 24; 3
2A4 none 63 2A; none 96
As none 28 4A; none 60

The first author gratefully acknowledges financial support by SFB TRR 195. The second
author gratefully acknowledges financial support by JSPS KAKENHI Grant Number 16H03926
and 20H01798.
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No. 9 (A2 + 2A1, A2 + 2A1) No. 15: (5A1, D4 + Al)
Aq none 10 none none 3
Ay Ay 2 Aq none 4
A2 + A1 none 32 A1 2A1 3
2A4 none 32 2A; none 24
Ay +2A; none 30 3A1 none 48
3A1 none 30 3A1 A1 4
As none 6 4A; none 16
As Aq 1 5A; mnone 24
No. 16: (A2 + 3141, AQ + 3A1)
No. 10: (Ag + Al, A3 + Al) A1 none 3
As + Ay none 12
ji ﬁ; ! Ayt A, A3
Ay + Ay none 32 gﬁl I;lone },’2
As+ Ay none 30 A 1 94 L o4
24, none 10 32 241 none 94
34, none 15 1 none
2 1
e b G o 1
1
As none 12 A, none 1
No. 17: (Ag + 2141, A3 + 2A1)
No. 11: (21427 2142) A2 + Al none 16
none Aq 1 A3+ A7 none 16
A2 + A1 none 56 2A1 none 3
2141 none 35 2A1 A]_ 2
245 none 35 24, Ay 1
Ay +2A; none 16
Az +2A; none 13
No. 12: (A4, A4) iﬁi o 2
none As 1 As none 4
Ay + A7 none 36 As none 2
A3 none 27 A3 Al 1
Ay none 27
No. 18: (A3 + 2A17 D5)
none A+ A7 1
No. 13:  (Dy4, D4) none 24, 1
none  As 3 Ay + Ay  none 32
2A4 none 10
4A; none 10 A
3+2A; none 30
As none 48
D none 20 4A, none 15
4 As none 6
No. 19: (2142 + A17 2A2 + Al)
No. 14: (5A;1,541) A, A, 1
none none 1 Ay + Ay none 12
Ay none 5 2A5 + A7 none 15
2A; mnone 20 244 none 10
3A4; none 40 As +2A; none 30
3141 A1 10 3A1 none 15
4A; none 40 Ag Ay 2
54; none 5 24, none 10




ELLIPTIC FIBRATIONS

No. 20: (A4 + Al, A4 + Al)

Ay

Ay + Ay
A3 + Ay
As+ Ay
Ay + 24,
Ay

As

Ay

Ay

none
none
none
none
Ay

none
none

No. 21: (D4 + A1, D4 + Al)

Ay
As + Ay
Dy + A4
34,
4A,4
5A,
As
Dy

A

none
none
Ay

none
none
none
none

3
24
12

No. 22: (Ag + As, Az +A2)

Ay

As + Ay
A3 + Ay
Ay + 24,
34,

Ay
Az + Ay
245

No. 23: (

Ay
As + Ay
24,
Ay
As

No. 24: (

none
none

Az + 24,
Ay

Dy

Ds

Ay

none
none
none
none
Ay

none
none

A57A5)
Ao

none
none
none
none

1
16
12
6
9
1
18
16

No. 25: (6A1,D4 + 244)

none none

Ay none
2A; none
241 24,

3A7 none
4A; none
4A, Ay

5A; mnone
6A; none

No. 27: (AQ + 4A1, AQ + 4A1>

Ay

Ay + A,
924,

Ay + 24,
Ay + 24,
34,

34,

Ay + 34,
44,

Ay + 44,
54,

none
none
none
none

No. 28: (AQ + 4A1, D4 + Ag)

Ay

Ay + 24,
34,

34,

Ay + 44,
54,

Ao

Ay

none
none
none
Ay
none
none
none
24,

3
24
24
4
12
12
1
3

No. 29: (Ag + 3A1, A3 + 3A1>

A + Aq
Az + Ay
As+ Ay
244

Ay +2A,
Az + 24,
3A,

3A,

3A;

Ay + 34,
As + 34,
4A,

5Aq

Az

none
none
Ay

none
none
none
none
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No. 30: (A3 + 31417 D5 + Al) No. 34: (D4 + 2A1, D6)
Al A2 + Al 1 none A3 + Al 1
A1 2A1 1 A3 + Al none 16
A2 + A1 none 8 2A1 2A1 1
A3 + Al none 4 2141 A3 2
A3 + Al Al 2 A3 + 2A1 none 8
24, none 3 Dy +2A; mnone 12
As +2A; none 16 4A, none 3
Az +2A; none 8 6A,1 none 3
34, none 4 As none 4
34, Ay 1 Dy none 2
A3+ 3A; none 12
4A, none 4
5A; none 6
As none 1 No. 35:

No. 31 (245 + 24,245 + 24,) (As+ Ay + Ay, Ag + As + Ay)
Ag + Ay none 2 Ax + Ay none 4
Ay+ A, A 4 Ap + Ay A1

2 1 1

2As + Ay none 8 Ay + Ay As L
2A1 none 3 Ag + A2 + Al none 6
2A1 Al 1 2A2 + A1 none 8
As +2A; none 16 Az + Ay none 2
2A5 +2A; none 6 24, Ay 1
34, none 8 Ay + 244 none 9
As +3A; none 12 Az +24, none 7
44, none 7 34, none 3
24 none 3 Ay + 34, none 3
9245 A 1 4A none 3

Az + As none 6

No. 320 (Ay+2A;, Ay + 24;) ?4142 none ‘11

As+ Ay none 3 ’ !
Ay + A1 Ay 2
A3+ A7  none 8
124;11+ Ay Ifl{;ﬂe 513 No. 36: (A5 + Ay, As + A1)
As +2A; none 8 24 +A; none 4
As +2A; none 7 A3+ Ay none 4
Ay +2A; none 6 Ay +A; none 8
Ay +3A; none 6 A5+ A; none 7
As none 1 24, Ay 1
A4 none 1 A3 + 2A1 none 6
Ay Ay 1 245 none 3
As Aq 1
No. 33: (D4 + 241, Dy + 24:) Ay none 2
Asg none 4
A3+ A7 none 12
Dys+ Ay none 8
244 As 3
A3z +2A; none 12 i
D,+2A, none 3 No. 37: (A5 + Ay, EG)
44 none 1 none A+ A 1
4A Ay 2 As + Aq none 15
5A4 none 2 Az +2A; none 15
As none 3 245 none 10
D4 A1 1 A4 none 6




ELLIPTIC FIBRATIONS

No. 38: (D5 + Ay, D5+ Ay) No. 43:  (2A43,2A43)
Al AS 1 2141 Al 1
Ay Ay 1 Ay +2A; none 8
A3 + A1 A1 1 A3 + 2A1 none 4
Ay+ Ay none 8 4A, none 2
Dy+ A7 mnone 3 A3+ A  none 16
Ds+ Ay none 6 24, none &
A3 + 2A1 none 3 A3 A2 2
A3 +3A; none 3 2A3 none 9
Ay none 4
Dy none 1
Dy none 2

No. 44: (2A3, D@,)

No. 39: (314273142) none 2A1 1
245 + A7 mnone 30 none 24, 1
Ay + 24, none 15 Az +2A; none 12
34 none 10 4A, none 9
A Aq 3 24, none 16
34, none H 243 none 18

No. 40: (3A2, EG)

2A5 + A1 none 30 No. 45: (A6, AG)
As +2A; none 15
34, none 10 A;‘ +4x r;lc;ne ?
?ﬁl Iil(}ne g As + Ay nome 9
2 As none 6
Ag none 9
No. 41: (A4 —|—A2,A4 +A2)
2As + Ay none 6
A3+ Ay  none 6
Ay + A none 6 No. 46: (D67 DG)
As +2A; none 9 none Ag 1
2 Ay 1 24, Az 1
A A 1 Dy +2A; none 3
A3+ Az  none 9 243 none 3
As+ A  none 9 As none 8
Dy none 2
Dg none 6
No. 42: (D4+A2,D4 +A2)
A3+ Ay none 12
Dy+ Ay none 4
3A; Aq 1 .
A2 + 4A1 none 1 No. 47: (EG; Eg)
5A; none 2 none Ay 1
AQ A3 3 A5 + A]_ none 10
A3+ Ay  none 12 Ds none 5
Dy+ Ay none 8 FEg none 5
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No. 50: No. 54: (2A2 + 3A1, 2A2 + 3A1)
(AQ +5A1,D4+ Ay + Al) 2:32 + ﬁl 1’;10118 3
242 + Ay 1 3
A none 1 24, none 1
Ay + Ay none 1 A 24 6
A+ A, 24, 3 2241 mone
22 1 A2 + 2A1 Al 6
1 none 245 +2A; none 6
Ay +2A; none 6
34, none 3
3A, none 6 34, A, 1
ﬁQ i gﬁl zone }12 Ay +34; none 12
2 1 L 44, none 6
4A; none 12 A+ AA 9
AA A 5 2 + 1 none
1 1 54, none 3
Ay +4A; none 4 9 A none 1
54, none 4 2
6A4; none 3

NO. 55: (A4 + 3A1, A4 + 3A1)

No. 51: (Ag + 4A1, D5 + 2A1) A2 + Al none 1
Ay + Ay none 2 A3+ Ay  none 3
As;+A;  none 2 Ay + A none 3
24, none 1 Ag+A A 3
24, Ay + A 1 Ay +2A; none 3
24, 244 1 Ay +24A;, A 3
Ay +2A; none 8 A3z +2A; none 6
Az +2A; none 4 Ay +2A; none 6
A3 + 2A1 A1 5 3A1 AQ 1
34, none 2 Ay +3A; none 6
Ay +3A; none 8 A3 +3A; none 3
A3 +3A1 none 8 Ay +4A; none 1
44, none 3
4A1 A1 2
As +4A; none 1
5A4 none 4
6A; none 1

No. 56: (D4 + 3A1, D6 + Al)

A Az +A; 1

Az + A7 none 6

D4 + A1 none 2

. D4 + A]_ A]_ 2

No. 52: (Ag + 4A1, D4 + Ag) A3 + 2A1 none 10

241 none 1 Dy +2A; none 4
A2 + 2A1 none 12 3141 2A1 1
Ag + 2A1 none 12 3A1 A3 2
4A, none 6 Az +3A; none 4
4A1 A]_ 4 D4 + 3A1 none 2
44 Ag 1 44, none 1
Ay +4A; none 8 5A1 none 1
A3 + 4A1 none 3 5A1 A1 1
As none 1 6A1 none 1
A3 2A1 3 A3 none 1




ELLIPTIC FIBRATIONS

No. 58: No. 61: (A5 + 2A1, E6 + Al)
(A3+A2+2A1,A3+A2+2A1) Aq As+ A1 1
Ay + Ay none 1 124142 _|_+ AAl r/llone 411
As+ A+ Ay none 4 A3 1 Al n(}ne 4
245 + Aq none 4 A: N Ai none A
AS + Al Al 2 A3 + 2A1 none 4
A2 + 2A1 none 4 A5 + 2A1 none 6
Az +24, A 2 As +3A; none 6
Ap +24 As 1 24 none 3
Az + Ay +2A; none 1 A 2 none 1
245 + 24, none 4 A4 A 1
Az + 24 none 4 5 !
34, none 1
3A, Ay 1
As + 34, none 6 No. 62: (D5 +2A:, D5 +2A4,)
As + 34, none 2 A, + A,  none 4
4A; none 2 Dis+ A, none 2
5A1 none 1 Ds+ A, none 4
Az + Ay none 2 24, As 1
As + As Ay 1 24, Ay 1
242 none 1 A3 +2A; none 1
Az +24A, Ay 2
. As+2A; none 4
No. 59: Dy +2A; none 1
(Ag + Ay +2A41, D5 + AQ) Ds+2A; none 1
245 + Ay none 8 ﬁg +34;1 none %
Az + Ay none 1 D4 r;lone 1
Az + Aq Aq 2 5 1
As + 244 none 9
A3 + A2 + 2A1 none 6
34 none 3 No. 63: (D5 +2A,, D7)
3A, A 1
As + 344 none 6 iini A, f(;ln—g A é
Ay +4A, none 3 924, As 1
ZAl r;lone A ? Az +2A; none 3
2 2+ A1 Dy +2A; none 3
ﬁQ A 2A1 1 D5 + 2A1 none 6
3+ A2 none 3 Az +4A; none 3
As 24, 1
No. 60:  (As + 241, A5 + 24;) Dy nope 1
Dy none 1
245+ A;  none 2
A3 =+ A1 none 1
As + Ay Ay 2 .
A4 + Al none 4 No. 64: (3A2 + Al, 3A2 + Al)
A5 + A1 none 4 A2 + A1 A1 3
2As +2A7 none 2 2As + Ay none 9
A3 +2A; none 4 3A>+A; none 3
A4 + 2A1 none 4 A2 + 2A1 none 3
As+2A; none 2 2As +2A; none 9
3A, Ay 1 3A, none 3
A3z +3A; none 1 Ay +3A; none 9
2A5 none 1 4A, none 4
Asg none 1 2A5 Ay 3
A5 A1 1 3A2 none 1




No. 65:

As + Ay
245 + Ay
345 + Ay
Ay + 24,
245 + 2A,
3A,

As + 344
4A,

24,

345

No. 66:

(Ag+As+ A, Ay + As + Ay)

Ay + Aq

A + Ay
As+ As + Ay
Ay + Ay + Ay
24, + Ay

As + Ay

Ay + A

Ay + 24,

245 +2A,
As + 24,

Ay + 244

Ay + 34,

Az + As

Ay + Ay

24,

Ay

No. 67:

(Dy+ A+ A1, Dy + Ay + Ay)

A + Aq
Az + As + Ay
As + Ay
As + 24,
Dy +2A;
As + 344
4A,

54,

As + A
Dy + Ay
Dy
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Ay

none
none
none
none
none
none
none
Ay

none

(342 4+ Ay, Eg + Ay)

R Wk OWOoOWWow
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No. 68:

A3 + A2 + A1 none
245 + Ay none
Az + Ay Aq
Az + Ay Ay
2A3 + Ay none
Ay + 244 none
34, A
Ay + 344 none
As + 344 none
4A; none
Az + A, none
24, none
2A5 none
No. 69:
Aq 24, 1
A 24, 1
2As + Ay none 8
A3+ A7 Ay 2
2A3 + A1 none 6
A3z +2A; none 2
A3+ 3A; none 6
4A4 none 3
5A, none 3
245 none 4
243 none 6
No. 70: (2A3 + Al, E7)
A 24; 1
Aq 24, 1
2A2 + A1 none 8
As+ A1 Ay 2
2A3 + A1 none 6
A3 +2A; none 2
A3+ 3A; none 6
44, none 3
5A, none 3
2A5 none 4
2A3 none 6
NO. 7]. (A6+A1,A6+A1)
Ay 4+ Ay Ay
A3 + A2 + A]_ none
Ay + Aq none
A5 =+ A1 none
AG + Al none
Ay + 244 none
Ag =+ A2 none
Ay Ay
Asg none
Ag none

(243 4+ A1,243 + Ay)

BN R RN DN NN

(2434 A1, Dg + A1)

WH R WWWEkFWF



ELLIPTIC FIBRATIONS

No. 72: (D6 + Ay, Dg —|—A1) No. 76: (A5 + As, As +A2)
Ay Asg 1 As + Ay Ao 1
2A3 + A1 none 1 Az + A+ Ay none 3
A5 + A1 none 4 2A2 + A1 none 3
D4 —|— Al Al 1 A4 + Al none 2
Ds+ Ay  none 2 As + Aq none 4
DG + A1 none 2 A3 + 2A1 none 3
D4 + 2A1 none 1 A4 + A2 none 6
3A1 A3 1 A5 + A2 none 3
2A3 none 1 34, none 1
Asg none 2 Az Aq 1
Dg none 2

No. 77: (A5 + AQ, E7)

A2 + Al A2 1
. Az + Ay +A; none 3
No. 73: (D¢ + A4, E7) 245 + Ay none 3
A, As+ A 1 Ay + Ay none 2
A, As 1 As + Ay none 4
As + A none 4 As +2A, none 3
Dg+ A;  none 6 Ay + Ay none 6
Dy +3A; none 3 As + Ay none 3
245 none 3 34, none 1
As none 4 As Ay 1
Ds none 1

No. 78: (D5 + A27 D5 + A2)

As + A Ay 1

No. 74: (Eg + Ay, Eg + A1) gi H ﬁll none 4
Ay Ay 1 Ds + Ay none 2
As+A;  none 3 As+ Ay +2A; mnone 1
Dy + Ay none 3 As + 344 none 2
F¢+ A1 none 3 9 Az 1
As+2A; none 3 Ay Ay 1
A5 A1 1 A4 + Ag none 4
D5 none 1 Dy + Aq none 2
FEg none 1 Ds + Ay none 4

No. 79: (A4 + Ag, A4 + A3)

) Ay + Ay Ay 1

NO. 75 (Ag + 2A2, A3 + 2A2) A3 + A2 + Al none 2
A2 + A1 A1 2 2A2 + A1 none 4
Az + Ay + Ay none 12 Az + 244 none 1
245 + Ay none 8 Ay + 24, none 1
Ay + 24, none 4 Ay +3A4 none 2
2A5 + 2A4 none 3 Az + Ay none 4
Az + 24, none 1 Ag+ Ag none 4
4A1 none 3 3 Ag 1
2142 A2 1 A4 + A3 none 4
3As none 4 2A3 none 5
Az Ay 1 Ay As 1
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No. 80: (D4 + A3, Dy + A3)
A3z +2A; none 3
4A, Ay 1
Ay +4A; mnone 1
A3+ A, none 6
Dy+ A none 4
Aj As 3
Dy+ A3 none 3
2A3 none 6
D, Ay 1

No. 81: (D4 + As, D7)
none A3+ Ay 1
24, 24, 1
A3+ 2A; none 4
Dy +2A; mnone 2
Az +4A; none 1
6A1 none 2
A3+ As  none 8
As As 2
D,+ A3 none 8
2A3 none 4

No. 82: (A7, A7)

As + A1 none 2
Ay + Ay none 4
As A, 1
2A3 none 2
Ag none 4
Aq none 5

No. 83: (A7, E7)
none 24, 1
As + A7 none 6
243 none 9
Az none 9

No. 84: (1)77 D7)
none Ag 1
D5 +2A; none 1

3 A3 1
Dy+ A3  none 2
Ag none 4
Dg none 1
D none 4

No. 85: (E7, E7)

Ay As 1
Dg+ A1 none 3
Az none 3
FEg none 1
E; none 3

No. 91:

A + Ay
As + 24,
Ay + 24
As + 344
Ay + 34,
4A,

Az +4A,
Ay

No. 95:

none
none
none
none

b
a
WwWHR kIR

(A4 +4A,, Dy + Ay)

(A3 + Ay +3A1, D5 + Ay + Ay)

A + Ay As+A; 1
As+ Ay 24, 1
A3+ As + A1 none 1
As+ A+ A1 Ay 2
245 + A; none 2
Ay 4+ 24, none 2
Az + Ay +2A; none 2
245 + 24, none 4
Az + 244 none 1
Az +2A; A 3
3A4; none 1
As + 3A4 none 5
As + 34, Ay 1
A3 + 3A1 none 2
4A none 1
4A, Ay 1
Ay +4A, none 1
Az +4A, none 1
5A1 none 1
6A4; none 1
As + As none 1
No. 96: (A5 + 3A1, EG + 2A1)
2A2 + A1 none 2
Ay + Aq none 2
As + Ay none 1
As + Aq Ay 3
244 Ay +A; 1
245 +2A; none 2
A3 +2A; none 1
As+24A1 Ay 2
Ay +2A1  none 2
As +2A; none 4
A3 +3A; none 4
A3 +4A; none 1
245 none 1



No. 97: (D5 + 3A1, D7 + Al)

Ay

Az + Ay
Ay + Aq
Dy+ Ay
D5+ Ay
D5+ Ay
Az + 24,
Ay + 24
Dy +24A;
Ds + 24,
34,

Az + 34,
As + 34,
D4+ 34,
Az + 44,

No. 98: (3142 + 21417 E6 + 2141)

245 + Ay
2A5 + Ay
345 + Ay
Ag + 24
245 + 24,
34,

Ay + 34
4A,

Ay +4A,
5A4

345

No. 99:

(Ag+ As+ 241, Ay + As + 24,)

Az + As + Ay
Ay + As + A
24, + Ay
As+ A

Ay + 24,

Ag + 24,4

As + 244

Az + Ay + 24
245 +2A,

As + 24,

Ay + 24,
Ao+ 34

As + 34,

Ay +4A,

Az + Ay

Ay + Ay

Ay + As

Ay + Ay
24,
none
none
none
Ay

none
none
none
none

none

none
none

FNDWNDOIFOOIWNOW
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ELLIPTIC FIBRATIONS

= = = N =R = DD DN =

No. 100:
(Dy+ Ay + 2A1, Dg + As)

A3 + A2 + A1 none
A3 + Al none
D4 + Al A1
Ay + 244 24,
Ag 4+ 244 Az
Az + Ay +2A; none
A3 + 2A1 none
As + 344 none
D4+ 34, none
5A, none
5A4 Aq
Ay Az + Aq
A3 + AQ none
Dy + Ay none

DN = = = N D DN DN DD s
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No. 101: (2A3 + 2141, E7 + Al)

245+ A7  none 4
2A3 + A1 none

24, none
245 none
2A3 Ay

4
24, 24; 1
241 245, 1
245 +2A; none 4
As +24; Ay 4
2A3 +2A; none 1
A3 +3A; none 4
4A, none 1
5A4 none 2
6A, none 1
1
2
1

No. 102: (2A3 + 2A1, D5 + Ag)

Az + A+ A7  none
2A2 + Al none
As + 244 none
A3 + AQ + 2A1 none
As + 24, Ay
As + 24, Ay
2A3 —+ 2A1 none
As 4+ 3A4 none
4A, none
4A4 Ay
A2 + 4A1 none
Az +4A, none
Az + As none
As A+ Ay
As 2A,

243 none

4

4
1
4
2
1
1
2
1
1
2
1
1
1
1
2
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No. 105: (A6 + 2A1, A6 + 2A1) No. 110:
A3 + A2 + Al none 2 (A3 + 2A2 -+ Al, A3 + 2A2 + Al)
jZ’L i ﬁl folne % A3 + Ag + A1 none 4
A5 1 2As + Ay none 2
o+ A1 none 2 245 + A A4, 1
o424 A 1 245 + Ay Ay 1
A3 —+ A2 + 2A1 none 1 3A2 + A1 n(?ne 2
Ay + 244 none 2 A 2+ A 1 A 1
As + 24, none 2 A3 + 2/11 néne 1
Az + Ay none 1 A; H 2A1 A 9
j6 ione % Az + Ay +2A; none 2
6 1 245 + 24, none 5
Ay +3A4 none 2
As+ 34 none 1
No. 106: (Dg + 241, By + Ay) ‘51211 none 1
2143 + Al none 1 A3 + AQ A1 2
As+ A7 none 3 34, none 1
Ds+ Ay none 1
Dg+ Ay none 2
2A, A3+ A, 1
24 As 1
As +2A; none 2
Dy +2A; A 1
DG —+ 2A1 none 1
Dy +3A; none 1
2A3 none 1
As none 1
DG A1 1

No. 107: (DG + 2A1, Dg)

none As+ A1 1
As + Ay none 4
2A3 4+ 2A; none 1 .
Dy +2A; none 1 No. 111:
Dy +2A; none 2 (A5 + Ag + Al, As + As + Al)

2

1

1

1

1

Dg+2A; none A3+ As + A7 none

1

;ljl f03ne A4 + A2 —+ Al none 2
D 3 24 As+ Ay + Ay none 1
D4 L 245 + Ay none 1
6 none 3A2 + A1 none 1
As + Aq Aq 1

As + Aq none 1

) As + 244 Ay 1

No. 109: (EG + 2A1, E6 + 2A1) 2A2 + 2A1 none 1
As+ A7 none 1 Az +24A; none 1
A5 + Al A1 2 A4 + 2A1 none 2
Ds+ Ay none 2 As 4+ 24, none 1
Eg+ Ay none 2 Az + 34, none 1
24, Ay 1 Az + As Aq 1
As+2A; none 2 Ay + Ao none 2
Ds +2A; none 1 As + Ao none 1
EG A1 1 A5 A1 1




ELLIPTIC FIBRATIONS

No. 112: No. 115:
(A5 + Az + Ay, E7r + Ay) (Ds + Az + Ay, Ds + Ax + Ay)
Az + A+ A7 none 1 Ay + Aq Az 1
A4 + A2 + A1 none 2 A2 + A1 A4 1
A5 —+ A2 + A1 none 1 A3 + A2 + A1 A1 1
2A2 + A1 none 1 A4 + A2 + A1 none 2
3A5 + Ay none 1 Ay + Aq none 1
Az + Ag Aq 1 Az + 24, Ay 1
As + Aq none 1 Ay + 24, none 2
Ay + 244 As 1 Dy +2A; none 1
245 + 24, none 1 Ds +2A; none 1
Az + 24, none 1 Az + 34, none 1
Ay + 244 none 2 Ay + Ao none 1
As + 244 none 1 Dy + Ay none 1
Az + 34, none 1 Ds + A, none 2
As+ A, Ay 1 Dy Ay 1
Ay + Ay none 2
As + Ay none 1 .
As A, 1 No. 116:
(Ag+ Az + Ay, Ay + Az + Ay)
A3+ Ay + Ay none 2
As+ Ay + A7 none 2
2A2 + A1 none 1
As + A Ag 1
No. 113: 243 + Ay none 1
(As + Ay + Ay, Eg + Az) Ag+ 4 4 1
Ag+ A Ag 1
As + A+ A1 none 3 Ay + 24, Ay 1
24, + A none 3 Az + Ay +2A; none 1
Az + Ay Ay 1 2A5 + 2A, none 2
A+ Ay none 1 Ay + 34, none 1
As+ As +2A; none 3 Az + 34, none 1
As + 24, none 3 Az + Ay none 1
As + 34, none 3 As + Ay Ay 1
A As+ A1 1 Ay + Ay none 1
Ay + Ay none 3 Ay + A none 2
3A, none 1 245 none 2
Ag Aq 1
No. 117:
(Dy+ Az + A1, D7 + Ay)
Aq As+Ar 1
Az + Ay + A1 none 4
No. 114: (A5 + A2 + A]_, Eg) Ag i A? A A3 92
As + A+ A1 none 3 2A3 + Ay none 2
245 + Ay none 3 Dy + Ay Ay 1
A3 + Al Al 1 Ag + 2A1 none 1
Ay + Aq none 1 3A; 244 1
A3 + A2 + 2A1 none 3 A3 + 3A1 none 2
A5 + 2141 none 3 Ag + 3A1 Al 1
As + 34, none 3 D4+ 34, none 1
Ag Ag + A1 1 6A1 none 1
Ay + Ao none 3 Az + Ao none 2
34, none 1 Dy + As none 4
A5 A1 1 2A3 none 1




S. BRANDHORST AND I. SHIMADA

No. 118: (A7 + Ay, A7 + Al) No. 123: (E7 + Aq, Es)
Ay + Ay + Ay none 2 none As+ A 1
A3 + Al A2 1 E7 + A1 none 3
Ag + Aq none 2 Dg +2A; none 3
Ar + Ay none 1 7 none 3
As + 244 none 1 FEg none 1
Ay + A none 1
2A none 1
A53 A1 No. 124: (4A,, Eg + Ay)
Ag none 1 345+ A; none 4
Ay none 2 2A5 +2A; none 12

Ay +3A; none 4
4A,4 none 3

No. 119: (A7 + Al, E7 + Al) 2A2 Al 6
Ay 24, 1 4A, none 2
2A3 + A1 none 3
A5 4+ Al none 1 No. 125: 4A-. E
A7+ A; none 3 o P (442, )

As +2A; none 3 3A3+ A1 none 4
245 none 3 2A5 +2A; none 12
As Ay 1 Ay +3A4; none 4
A7 none 3 44, none 3
2A5 Ay 6
4A, none 2
No. 120: (A7 + Al, Eg)
Al 2A2 1 No. 126: (A4 + 2A2, A4 + 2A2)
2A3 + Al none 3 A3 + A2 + A]_ none 6
As+A; none 1
Ao+ A Ay +As+ Ay none 6
7+ A7 none 3
345 + Ay none 3
As +2A; none 3
Az + 244 none 1
245 none 3
Ay + 34, none 3
s A1 24 A 2
A none 3 2 1
7 24, Ay 1
Ay Aq 1

NO. 121 (D7—|—A1,D7+A1)

Ay Ag 1 No. 127: (243 + Az, Dg + As)
Az + A1 Az 1 245 + Ay none 4
Ag+ A1 none 2 Az + Ay Ay 2
Ds+A A 1 245 + Ay none 6
Dg+ A1 none 1 Ag + As + 2A1 none 6
Dy+ Az mnone 1 5A; none 3
6 none 1 Ay 24; 1
Dy none 2 As 24, 1
34, none 4

No. 122: (E7 + A17 E7 + Al)

A7 + Al none 1 No. 128: (AG + AQ, A6 + AQ)
D¢+ Ay none 1 Az + A+ A1 none 3
F¢+ Ay none 1 Ag+ Ay + A7 none 3
E;+ Ay none 1 As + Aq none 1
24, Asg 1 Ag + Aq none 3
Az none 1 As + As none 3
D6 Al 1 2A2 AQ 1
E7 none 1 A4 A1 1




No. 129: (D(,' + Ag, D6 + Ag)

2A3 + A
As + Aq

D¢ + Ay

Ao + 24,
A

2
As + A
D5 + A,

No. 130: (EG + AQ, E@ + AQ)

none
none
Ay
none
As
As
none
none

NN N DN

A5 + A2 + A1 none

Ds + Ay
Eg+ A
As + 24,

Ay
D5 + Ay
Es + Ay

5

none
none
none
Ay

none
none

Aq

ELLIPTIC FIBRATIONS

=D N = N =

No. 131: (E(; + AQ, Eg)
As + Ay + A1 none

Ds + Ay
Es¢+ Ay
As 4+ 24,
A

2
D5 + Aa
Eg + A,
As

No. 132: (A5 + 1437 A5 + Ag)

none
none
none
Ay

none
none
Ay

Az + Ay + A1 none

Az + Ay
As + Ay
243+ Ay
245 + 24,
As +2A,
As+ Ay
As + A
3A,

Ay + A3
As

Ay

Ao

none
none
none
none
none
none
none

Ao

=R DD = DD =

=R = DN DN = = N

No. 133: (D5 + As, D5 + Ag)

Ag + A2 + 2A1 none

Az + 24,
Ay + 24,
Ag+ Ay
Dy + Ay
Ds5 + Ay
As

As

Ay + As
Dy + As
Ds + A3
Ds

1
A 1
none 1
none 2
none 1
none 2

1
1
2
1
1
1

No. 134: (D5 + As, Dg)

none
245+ 24
Dy + 24,
D5 + 24,
Az +44A,
A+ Ay
Az

A3

Dy + A3
D5+ As

Ay + Ay
none
none
none
none
none
24,

As
none
none

BN RN

No. 135: (Dg, + Ag, Eg)

none
2A3 +2A,
Dy + 244
D5+ 24,
As +4A,
As+ Ay
A3

As

Dy + As
Dy + Ag

Ag+ As
none
none
none
none
none
24,

As
none
none

DN = s DN

No. 136: (2A4, 2A4)

Az + Ay + A7 none
Ay + Ay + A1 none

24, + 24,
24,

Ay + A3
245

Ay

24,

none
Ay
none
none
Ao

none

NN W FDNNN
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No. 137:  (2A4, Es) No. 144: (Dg, Es)
Az + A+ Ay none 2 none 243 1
Ag+ Ay + A7 none 2 none A 1
2A2 + 2A1 none 2 D6 + 2A1 none 1
24, Aq 1 7 none 4
Ay + As none 4 2D, none 2
2A3 none 3 Dg none 4
Ay Ay 2
2A4 none 2

No. 138: (D4 + A4, D4 + A4) No. 145: (ES’ E8)
A3 + A2 + A1 none 3 %?71146» Al fgne 1
Ap +34 Ay 1 Dg none 2
Ay + As none 3 E none 2
Dy + As none 3 8
2As3 none 3
Ay As 3
Dy Ay 1 No. 154:

No. 139: (As, As) (A5 + As + 241, Es + Ay)

Ay + Ay Ay + Ay
Ag+ A7 none 1 As+ A+ A, A
A5+ Ay none 1 A4+ As + Ay none
A4 + A3 none 2 A5 + AQ + A1 none
4 Az 1 245+ Ay none
A7 none 3 345 + Ay none
Ag none 2 As+ A, A,
As + Ay +2A; none
No. 140:  (Ag, Eg) 245 + 24 none
As + 24 Ay
Ag+ A7 none 1 Ay + 24, none
A5 + A2 none 1 145 + 2A1 none
Ay + As none 2 As + 34, none
Ay Az 1 As +4A; none
A; none 3 Ay + Ay none
Ag none 2 As + As Ay

No. 141:  (2Dy4, Ds)
none 243 1 No. 155:
4A 2A 1
Ast4A, none 2 (Ag+ Az +2A;, D5 + Ay)
Dy+ A3  none 4 As + Ay + Ay none
245 none 6 As + Ay + A1 A
D, As 4 Aq+ Ay + Ay none
2D, none 2 2A9 +2A, none

As + 24, Ay
) 2A3 + 24, none

No. 143:  (Dg, Ds) Ayt 34, none
none A7 1 A2 + 3A1 Al
Ds + A3 none 1 Az +4A; none
Ay none 2 Ay + As none
Dy Az 1 2A3 none
D none 1 Ay As + Ay
Dg none 2 A4 2A1

RFR R RRRRRRNNRRRREEe

el e = T = WA LN N O )
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No. 157: (A7 +2A;,Es + Ay) No. 162:
2143 + Al none 2 (AG + AQ + Al, A6 + A2 + Al)
As + Ay Az 2 Az + Ay + Ay none 1
A7 —+ A1 none 2
Ay + A+ Ay none 1
24, 245 1
As+ Ay + Ay none 1
2A3 +2A; none 1
245 + Ay A, 1
A5 + 2A1 none 2
Ay + A Aq 1
2A3 none 1
A none 1 Ag + Aq none 1
A7 A 1 Az + Ay +2A; none 1
7 1 As 4+ 2A; none 1
Ay + As Aq 1
As + As none 1
Ag Aq 1
No. 158: (D7 + 2A1, Dg)
none Ag+ A 1 No. 163:
AG + A1 none 2 (DG + AQ + A]_, E7 + Ag)
A3 4241 As ! Az + A A+ Ay 1
Dg +2A; mnone 1
Ds+ A none 1 Az + Ay As 1
4 3 As + Ay + Ay none 1
Dy 24, 1
D Hone 1 243 + Ay none 1
7 A5 —+ A1 none 1
As + 244 none 1
Dy +2A, Aq 1
DG —+ 2A1 none 1
No. 159: (Er + 24,,Es + A As + Az none 1
© (Br + 241, Bs + Au) Ds + A, none 1
Aq As+ 4, 1 Dsg Ay 1
A;+ A7 none 1
De+ A Ay 1 )
Eo+ A,  none 1 No. 164:
E; + Ay none 1 (E@ + As + Ay, Eg + Al)
Dg +2A; mnone 1 As+ A, Ay 1
Az none 1
E A 1 As + Aq Ay 1
7 1 As +2A; none 1
Ds+2A; none 1
As + Ay Ay 1
Ds+ Ay none 1
No. 161: Eg+ A  none 1
° Eq A1
(243 + Ao + A1, E7 + A)
A2 + A1 2A1 1 No. 165:
Ay + Ay 24, 1
As+As+A1 Ay 2 (As + As + Av, Eg + As)
245 + A; none 1 As + Ay + A7 none 2
3A2 + A1 none 2 A5 + A1 A1 1
2A3 + Al none 2 A5 + Al A2 1
Az + Ay +2A; none 2 Az + Ay +2A; none 2
2A2 + 2A1 none 2 2A2 + 2A1 none 1
Az + 244 Aq 2 As + 24, Aq 1
2A3 + 24, none 1 2A3 + 2A, none 1
5A1 none 1 Ay + Ay none 1
6A1 none 1 3As none 1
3A2 none 1 A3 A2 + A1 1
2A3 A1 1 A4 + A3 none 2
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NO. 166 NO. 172 (Eg —+ Al, ES + Al)
(D5 + As + Ay, Es + Ay) Ay Ay 1
A Agt Ay 1 Ds zome
Ay + Ay + Ay none 2 E7 n(}ne 1
As + A4 24, 1 8
Az + Aq Az 1
%{;3 N Aﬂ‘l ﬁi ! No. 173: (As + 34z, Eg + As)
D4 + 3A1 none 1 2A2 + Al A1 3
Az +44A; none 1 345 + Ay none 3
As+ Ay none 1 Az + Ay +2A; none 3
Dy + As none 1 245 + 24, none 3
Ds + As none 2 As + 344 none 1
5A; none 1
No. 167: (2A4 + Al, Eg + Al) 3A2 A2 1
24, + Ay A, 1 4A, none 1
2A3 + Ay none 1
As+ Ay Ag 2
As 4+ As +2A; none 2 No. 174: (A5 + 245, E7 + AQ)
2As + 2A4 none 1 Ay + Ay + Ay none 4
As+ Ay Aq 2 As + Ay +A; none 2
Ay + As none 2 24, + Ay A, 1
243 none 1 245+ 24, none 1
244 none 1 As + 344 none 1
Az + Aq Aq 2
No. 168: (As + A1, As + Ay) 44, none 1
. . 8 1,418 1 A5 Al 1
As+ Ay +A; none 1
Ay + Ay Ay 1
A7 + Al none 1 No. 175: (A7 + AQ, E7 + AQ)
Ay + Az none 1 As+ Ay + A, none 3
A Ay 1 243+ A none 3
Ar none 1 A 3 A 1 3
Ag none 1 T+ A none
Ay 24, 1
Asg Aq 1
NO. 169 (AS + A17 Eg + Al)
ﬁ5 j: ﬁ2 + 4 none % No. 176:  (E7 + Ag, E7 + Ag)
4 1 2
A+ Ay none 1 Az + A1 A5 1
Ay + Az none 1 A7+ Ay mnone 1
Ag Ay 1 E7+A; none 1
A none 1 E¢+ Ay none 1
Ag none 1 Dg Aq 1
No. 171: (Dg + Ay, Eg + Al) No. 178: (DG + As, Dg)
A1 2A3 1 none A5 + A2 1
Ay A 1 Az +2A; Az 1
A7+ A7 none 2 2A3 +2A; none 1
DG + A1 A1 1 D6 + 2A1 none 1
7 none 1 As + Ao none 2
2D, none 1 D5 + As none 2
Dg none 2 D4 2A1 1




ELLIPTIC FIBRATIONS 19

No. 179: (EG + Ag, EG + Ag) No. 182: (Ag, Ag)
As+ Ao+ A7 mnone 1 A7 +A; none 1
As + Ay Ay 1 244 none 1
D5 + Ay none 1 A5 Aq 1
E¢ + Ay none 1 Ag none 2
3 Ay 1
Ds + As none 1
E6 A2 1
No. 180: (A5 + 1447 A5 + A4) No. 183: (D5 n D4’ Dg)
As+ Ao+ A; none 1
345 + Ay none 1 none Ag+As 1
245 + Ay none 1 As + 24, 24 1
Ay + Ay A 1 245+ 2A; none 1
As + Ay A 1 Ay + As none 2
Ay + A3 none 2 Dy + As none 1
24, none 2 Ds + As none 1
As As 1 Dy As 1
2D, none 1
No. 181: (D5 +A4,D5 +A4) D5 AS 2
As+As+ A1 Ay 1
Ag+ Ao+ A7 mnone 1
Ay + As none 1
Dy + Aj none 1
D5 + As none 1 No. 184: (Dg, Dg)
A4 ﬁ3 % none Ag 1
4 4
2A4 none 1 ég ione %
Dy Ay 1 > 3
Dg none 1
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