
3

4
A. brevigracilis

926B-19-5,100-101

NN11b

NN11b
1

2
A. primus

926B-19-5,100-101

NN11b

NN11b

5

6
A. delicatus

502-34-1, 50-51

NN12

NN12
7

8
A. tricorniculatus

502-30-1, 33-34

NN14

NN14

21

22
A. amplificus

NN11b

NN11b

m

C. atlanticus

17

C. larrymayeri

NN12

18

NN12

9

10
C. apiculus

NN12

NN12a

502-34-1, 53-54

11

12
C. acutus

502-32-2, 42-43

502-46-1, 67-68

NN12

NN12
13

14
C. cornulum

502-31-2, 123-124

NN12

NN12
15

16
C. armatus

NN12

NN12

502-31-2, 123-124

C. cristatus
24

23

C. rugosus
502-14-1, 54-55

NN17

NN17

NN12

25
NN12

26

19

NN14

20 502-30-1, 33-34

NN14

926A-16-3,75-76

502-34-1, 53-54

PLATE S1. Nannofossil genera Amaurolithus and Ceratolithus.



3
Cat. mexicanus

GoM

NN11a

4

NN11a

Cat. coalitus coalitus
2

NN9

KR23422
Cat. calyculus calyculus
1

NN9

926A-24-3,20.5-22.5
D. micros
5

NN7

Bo355

D. arneyi
7 GoM

NN5

D. premicros
GoM

NN4-NN5

6

D. musicus
11

NN4-NN5

GoM

D. sanmiguelensis
10

NN6

926A-27-1,131-133

12

NN6

D. ulnatus
JS32

D. patulus
13

NN6

926A-27-4,13.5-15.5

D. emblematicus
9

NN6

926A-27-1,131-133

D. calculosus
20

NN2

15.50 m
Bo267

D. leroyi
8

NN5

926A-29-5,80-82

Bo267

NN2

D. shumnykii
15

D. deflandrei
16

NN2

Bo267

D. saundersii
Bo267

NN2

14

2 m

D. kugleri
21

NN7

926A-26-2,
141.5-143.5

D. hexapleuros
22

NN7

Bo355
D. cuspidatus
23

NN7

Bo355

19

 NN2

Bo267D. druggii 

D. druggii 

18

NN2

Bo267

D. druggii 

D. salomonii
17

NN2

Bo267
12.80 m

NN2

926B-40-4,140-14224

PLATE S2. Nannofossil genera Catinaster and Discoaster.



1 926C-6H-6,19-20

NN18

D. triradiatus

2 m

2 926C-9H-3,3-4

NN16

D. tamalis D. asymmetricus
3 926A-9H-2,89-90

NN16

5 926C-7H-6,36-37

NN18

D. dennei
4 926C-8H-6,21-22

NN16

D. brouweri 

6 DSDP-502-50-1,19-20

NN11a

D. neorectus

7

NN9

926A-24-1,10-12
D. styzenii D. prep. plautus

8

NN10

926A-23-2,72.5-74.5

11

NN10

D. prep. prepentaradiatusD. extensus

NN9

926A-24-1,10-1210

13

NN11a

502-50-1, 19-20

D. pentaradiatus

17

NN11a

502-50-1, 19-20
D. pseudovariabilis

12
D. subsuculus

NN11b

926B-19H-2,61-62

14
D. bollii

NN9

KR23425 15
D. cauliflorus

NN9

D. hamatus 
16

NN9

926A-25-1,35-37

19

NN9

KR23425
D. calcarisD. neohamatus

18 502-50-1, 19-20

NN11a

9

NN13

925B-15-5,2-3

D. surculus

926B-22-5,116-118

926A-24-3,108-110

PLATE S3. Nannofossil genus Discoaster (upper Miocene-Pliocene).



D. exilis
6

NN7

Bo355

9

NN11a

502-48-1, 90-91D. breviloeblichii

12

NN16

926A-10H-3,64-66
D. variabilisD. pansulus

NN9

11

NN10

926A-23-5,1-3
11.05 m

4 D. icarus

NN11a

502-50-1, 19-20
16.10 m

D. loeblichii

GoM

13 926A-20H-3, 50-51

NN11b

D. apetalus
900A-20R-2, 89-907

NN5
D. petaliformis

NN5

2
D. signus

NN5

925B-34-3, 11-121

28

NN11a

D. abrachiatus
29 502-48-1, 90-91

NN11a

D. compactus
23

NN11a
22

NN11a

502-48-1, 90-91
D. vinsonii
27

NN11a
26

NN11a

502-48-1, 90-91
D. bergenii
25

NN11a
24

NN11a

502-48-1, 90-91
D. berggrenii
21

NN11b
20

502-39-1, 27-28

NN11b
D. hexaramus
19 GoM

NN11a
D. newellii
14

NN11a

502-48-1, 90-91

17 926A-16-6,45-46

NN12

D. quintatus
16 926C-22-3,77-78

NN10

D. gemmulatus
15 926A-24-2,91-93

NN9

D. bellus

D. pliostellulus
10

NN16

926A-10H-2,144-145

18 926C-17-6,148-149

NN11b

D. quinqueramus  

NN13

3 502-30-1, 33-34D. decorus

D. gozoensis

NN7

5 Bo355

D. pachyloeblichii

8

NN11a

502-50-1, 19-20

2 m

PLATE S4. Nannofossil genus Discoaster (middle-upper Miocene).

925C-34-4, 30-32



20
R. kahniae

PJ260

NN4

19
R. pospichalii

NN4

PJ260

28

NP23

D. gartneriD. albitectus
27

NP24

D. onustus
29 925A-38-2,98-99

NP24

Clausicoccus fenestratus
30

Cr. asanoi
11

Crenalithus doronicoides
9

Cr. japonicus
10

D. antarcticus
23

Dictyococcites productellus
22

D. bisectus
24

D. bisectus filewiczii
26

D. stavensis
25

R. ampla
14

R. gelida
15

R. haqii
13

Reticulofenestra minuta
12

R. pseudoumbilicus (>10)
17

R. pseudoumbilicus
16

Reticulofenestra spp. (<3)
21

R. rotaria
18

P. lacunosa (>7)
7

P. lacunosa (circular)
8

Pseudoemiliania lacunosa
6

G. caribbeanica
5

G. oceanica
4

G. omega (>4)
3

Gephyrocapsa omega (<4)
2

Emiliania huxleyi
1 502-1-CC 502-5-2, 54-55 502-5-2, 54-55

502-6-2, 42-43 975B-11H-1, 109-110 975B-8H-7, 21-22

502-8-1, 40-41 502-8-1, 40-41

900A-49-3,113-114 JS19

NN2

GoM

NN21B NN19F

NN19E

502-6-2, 42-43

NN19E

502-6-2, 42-43

502-6-1, 64-65 926A-28-4, 6-8 926B-41-3, 10-11

926B-18-4, 31-32

NN19E

NN19F

926A-24-6, 66-67

NN9

926B-22-5, 116-118

NN10

926B-15-4, 80-81

NN13

900A-56R-CC 900A-51-3, 50-51

900A-51-3, 50-51

900A-51-3, 50-51

NP18

926A-26-3, 37-39

NN7

NN6 NN6

925B-34-2, 90-91

NN5

926A-25-7, 26-28

NN8

NN19C

NN19D NN19E

NN19CNN19F

NN11B

NP22

NP22 NP22

m

PLATE S5. Nannofossil Family Prinsiaceae



24

NN1
23

H. recta
900A-33R-3,114

NN1

NN2

26 926B-49-5,95-97

NN2

25

H. truncata

27

28

NP23

900A-50-5,16-17
H. perch-nielseniae

NP23 NN8

H. orientalis

NN8

926A-25-7,10-12

29

30

NN4

21

22

NN4

925A-9-5,90-91
H. bipuncta

8

9 926C-6H-2,111-112

NN19a

NN19a

12.80 m

Cal. macintyrei

6

7
Calcidiscus premacintyrei

897C-30-1,48-50

NN4

NN4 NN18

10

Coccolithus pelagicus
11

NN18

926C-7H-3,60-61

10.25 m

18

NN3

Coronocyclus nitescens (>9) 

1 926A-30-CC,20-22

NN5

Cyclicargolithus bukryi

Camuralithus pelliculathus Cam. pelliculathus

Cyc. abisectus Cyc. abisectus (>12)
4

Cyc. floridanus
3

Cyc. floridanus (<6)
2

Um. rotula
17

Umbilicosphaera jafarii
16

13 926A-30-5,112-114

NN5

Coc. pliopelagicus (>11) 

12

NN5

m

12.00 m

NN5

Coc. miopelagicus

926A-30-5, 148-150

NN5

19 900A-33R-3,114

NN1

5

20

NN2

Aquitaine-13.24

14.40 m

925A-15-4,110-111925C-38-5,125-127926A-29-5,29-31

NN4NN5

NN5 NN5 NN2 NN2

926A-30-CC,20-22 926A-29-5,80-82 926B-43-4,75-77 926B-43-4,75-77

14

15

PLATE S6.  Nannofossil Family Prinsiaceae and genus Helicosphaera



5

NN16

H. sellii (large holes)
6

NN16

926C-8H-5, 135- 136

3

4

NN18

NN18

926C-7H-3,60-61
H. sellii

7

H. bownii

NN5

8

NN5

926A-30-6,139-141

9

H. mediterranea
Bo267

NN4

10

NN4

NN7

H. zeta

NN7

926A-26-4,11-13

13

14

NN2

H. intermedia

NN2

897C-35-6,1-2

11

12

NN6

H. rhomba

NN6

Bo185A

15

16

17

18

NP23

H. bramlettei
900A-50-4,87-88

NP23
19

NN2

H. disrupta
20

NN2

23

NN4

Bo 187 24

NN4

H. ampliaperta (>12)

28 29
H. ampliaperta

NN4 NN4

H. scissura
26

NN4

27897C-31-6,102-103

NN4

25
H. californiana

NN4

925D-35-5,35-37

21

NN2

22

NN2

H. euphratis
926B-43-3,110-111

1

H. carteri
926C-8H-4, 129- 130

NN16

2

NN16

926B-45-3,15-17

Bo 187

m

PLATE S7. Nannofossil genus Helicosphaera



3

4
S. abies

NN11b

926B-19-2,61-62

NN11b
5

6
S. apoxis

NP26

929A-35-3,125-127

NP26
7

8 926B-50-4,90-92

NN1

S. procerus

NN1

NN2

S. dissimilis

NN2
15

16 928B-45-3,110-111

13

NN2

14

NN2

4.35 m

S. disbelemnos

11

NN2

12

NN2

S. paratintinnabulum
926B-48-3,30-32

S. tintinnabulum

NN3

NN3
25

26 928B-28-5,110-111

S. belemnos

17

top NN3

18

top NN3

928B-28-4,117-118

1

2
S. neoabies

926A-27-4,146.5-148.5

NN6

NN62 m

9

10 926B-45-3,15-17

NN2

NN2

S. conicus (>7)

21

22
S. calyculus

926B-39-5,140-141

NN3

NN3
27

28
S. microdelphix

NP26

NP26

929A-35-3,125-127

29

30
S. delphix

NP26

NP26

926B-51-3,130-132

23

24

NN5

NN5

925C-35-4,50-51
S. heteromorphus

19

20

NN2

NN2

926B-43-3,110-111
S. cometa

926B-48-3,30-32

PLATE S8. Nannofossil genus Sphenolithus



19

20
I. fusa

NP26

926B-51-1,105-106
NP24

900A-49-3,113-114

17

18
S. capricornutus

NP26

929A-35-3,125-127

NP26

S. ciperoensis

15

NP25

16 900A-43-5,94-95

NP25
13

S. bulbulus
14 900A-49-3,113-114

NP24

NP24

5

S. distentus
6 900A-49-3,113-114

NP24

NP24
3

4
S. peartiae

GoM

NP23

NP23
7

S. triangularis
8 JS20

NP24

NP24
1

2
S. predistentus

900A-49-3,113-114

NP24

NP24

11

12
S. tawfikii

628A-23-3,80-81

NP25

NP25

9

NP23

10 628A-25-1,80-81

NP23

S. avis

22

NN9

KR23425

Minylitha cancellata

Scy. globulataScyphosphaera pulcherrimaTri. challengeri
26

Triquetrorhabdulus carinatus

Tri. milowii
25

Tri. rugosusMinylitha convallis

21

Pontosphaera multipora
27

2423

28 29926B-22-5,116-118

NN10

928B-32-3,40-42

NN2

926A-27-3,50-52

NN6

926B-53-6,90-91

NP25

926A-27-3,50-52

NN6

PJ258

NP25

NN10

GoM

m

HOLOTYPE

PLATE S9. Nannofossil genus Sphenolithus and assorted genera




