
TABLE DR1. MINERALOGICAL COMPOSITION AND δ13C ACROSS THE MID PALEOCENE BIOTIC EVENT AT THE ZUMAIA SECTION 

Composition/Sample Ev-9 Ev-15 Ev-20 Ev-25 Ev-29 Ev-32 Ev-34 Ev-36 Ev-38 Ev-40 Ev-42 Ev-46 Ev-51 Ev-55 Ev-59 Ev-61 

  quartz (%) 10 12 14 13 15  17 15  13  15 13  11 11 

  plagioclase (%) 0 1 2 2 2  2 2  1  2 2  t 1 

  calcite (%) 59 59 54 44 41  24 30  44  38 44  51 63 

  dolomite (%) 0 2 1 1 2  2 3  1  2 1  t 0 

  clay minerals (%) 31 26 30 40 40   55 49   40   43 40   37 25 

  smectite (%) 56 57 48 60 46  59 46  48  56 53  53 48 

  illite (%) 41 37 42 38 50  38 51  44  41 42  35 50 

  chlorite (%) 3 7 10 3 4  3 3  8  2 5  3 2 
δ13C (Peedee 
belemnite) 2.33 2.08 2.33 1.93 2.33 2.32 1.21 1.71 2.02 2.28 2.34 1.83 2.26 1.87 2.25   
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Table DR2. Assemblage count data for calcareous nannofossils, Zumaia section

sa
m

pl
e 

/ s
pe

ci
es

B
is

cu
tu

m
 s

pp
.

B
om

ol
ith

us
 e

le
ga

ns

B
ra

ar
ud

os
ph

ae
ra

 b
ig

el
ow

ii

C
hi

as
m

ol
ith

us
 b

id
en

s

C
hi

as
m

ol
ith

us
 c

on
su

et
us

C
oc

co
lit

hu
s 

pe
la

gi
cu

s

C
ru

ci
pl

ac
ol

ith
us

 e
dw

ar
si

i

C
ru

ci
pl

ac
ol

ith
us

 fr
eq

ue
ns

C
ru

ci
pl

ac
ol

ith
us

 la
tip

on
s

C
ru

ci
pl

ac
ol

ith
us

 p
rim

us

D
is

co
as

te
r 

sp
. 1

E
llip

so
lit

hu
s 

di
st

ic
hu

s

E
llip

so
lit

hu
s 

m
ac

el
lu

s

E
ric

so
ni

a 
ro

bu
st

a

E
ric

so
ni

a 
su

bp
er

tu
sa

Fa
sc

ic
ul

ith
us

 in
vo

lu
tu

s

Fa
sc

ic
ul

ith
us

  
sp

p.

Fa
sc

ic
ul

ith
us

 m
itr

eu
s

Fa
sc

ic
ul

ith
us

 p
ile

at
us

Fa
sc

ic
ul

ith
us

 ty
m

pa
ni

fo
rm

is

H
el

io
lit

hu
s 

ca
nt

ab
ria

e

H
el

io
lit

hu
s 

kl
ei

np
el

lii

H
ol

oc
oc

co
lit

hu
s 

 s
p.

 1

M
ar

ka
liu

s 
in

ve
rs

us

N
eo

bi
sc

ut
um

 p
ar

vu
lu

m

N
eo

ch
ia

st
oz

yg
us

  d
is

te
nt

us

N
eo

ch
ia

st
oz

yg
us

  m
od

es
tu

s

N
eo

cr
ep

id
ol

ith
us

 fo
ss

us

P
la

co
zy

gu
s 

si
gm

oi
de

s

P
rin

si
us

 b
is

ul
cu

s

P
rin

si
us

 d
im

or
ph

os
us

P
rin

si
us

 m
ar

tin
i

S
ca

m
pa

ne
lla

 s
pp

.

S
ca

ph
ol

ith
us

 a
pe

rtu
s

S
ph

en
ol

ith
us

 a
nh

ar
ro

pu
s

S
ph

en
ol

ith
us

 p
rim

us

Th
or

ac
os

ph
ae

ra
 o

pe
rc

ul
at

a

Th
or

ac
os

ph
ae

ra
 s

ax
ea

To
w

ei
us

 e
m

in
en

s

To
w

ei
us

 p
er

tu
su

s

To
w

ei
us

 to
va

e

Ze
ug

rh
ab

do
th

us
 s

pi
ra

lis

Zy
go

di
sc

us
 b

ra
m

le
tte

i

A
rk

ha
ng

el
sk

ie
lla

 c
ym

bi
fo

rm
is

C
er

at
ol

ith
oi

de
s 

 s
pp

.

C
rib

ris
ph

ae
re

lla
 e

hr
en

be
rg

ii

C
rib

ro
co

ro
na

 g
al

lic
a

C
yc

la
ge

lo
sp

ha
er

a 
re

in
ha

rd
ti

E
iff

el
lit

hu
s 

tu
rri

se
iff

el
li

M
ic

ul
a 

co
nc

av
a

N
eo

cr
ep

id
ol

ith
us

 c
ru

ci
at

us

O
ct

ol
ith

us
 m

ul
tip

lu
s

P
re

di
sc

os
ph

ar
ea

 c
re

ta
ce

a

R
et

ec
ap

sa
 a

ng
us

tif
or

at
a

V
ek

sh
in

el
la

 c
ru

x

W
at

zn
au

er
ia

 b
er

ne
sa

e

to
ta

l s
pe

ci
m

en
s

fie
ld

 o
f v

ie
w

Ev60 14 3 1 83 5 8 8 2 3 1 3 1 57 19 17 58 2 43 160 4 2 1 495 27

Ev55 13 1 1 1 7 98 1 1 11 2 3 7 3 3 1 2 2 2 5 56 13 14 23 2 37 166 2 5 2 1 485 10

Ev50 7 1 104 3 2 4 9 3 2 16 2 3 4 3 2 49 28 16 35 1 72 146 3 4 519 14

Ev46 16 2 p 5 106 2 12 5 3 1 8 1 5 4 2 64 33 14 22 64 166 2 2 1 540 15

Ev43 8 6 111 3 1 7 8 2 10 5 6 3 41 31 13 34 2 3 82 200 3 1 580 13

Ev40 12 3 106 1 2 1 1 1 9 3 7 2 3 2 3 2 33 1 19 1 5 32 80 194 1 1 2 1 p 528 10

Ev37 10 4 4 79 2 7 6 1 11 2 2 1 3 1 36 20 1 5 28 2 65 133 3 6 1 1 434 16

Ev36 15 3 125 3 2 1 p 1 4 1 5 5 3 4 7 38 11 7 23 1 66 169 7 3 1 1 1 507 13

Ev35 11 2 1 7 89 1 1 1 1 5 4 1 6 3 11 3 3 15 6 5 36 57 51 7 1 13 1 1 1 344 23

Ev34 18 1 3 7 124 3 8 11 1 5 2 6 2 1 2 5 2 2 25 3 6 41 59 96 11 8 2 3 457 15

Ev33 20 1 1 8 120 1 p 5 4 1 7 3 3 1 p 3 27 11 4 56 51 145 15 8 2 1 p p p p 1 499 17

Ev30 25 8 88 1 1 2 1 3 5 2 3 10 1 6 1 2 5 6 4 2 48 21 p 11 58 p 1 54 135 10 2 2 2 520 14

Ev27 16 1 1 2 75 2 5 6 2 2 18 5 1 3 6 p 1 41 22 3 64 2 35 167 5 8 p 1 1 1 496 15

Ev25 18 2 5 80 4 8 1 3 12 1 4 2 5 55 29 6 44 p p 41 170 3 2 p p p 495 16

Ev20 30 3 p p 3 66 1 p p 1 3 2 2 10 p p p p 2 8 1 52 41 p p 3 47 2 1 50 171 1 1 p p p p p p p 1 502 17

Ev15 20 5 108 1 3 1 1 15 1 5 1 4 7 1 51 18 27 1 64 158 1 5 1 499 13

Ev10 12 5 6 88 2 p 2 3 1 1 5 13 p 1 2 p 58 22 3 7 37 2 1 47 174 1 1 1 495 20

Ev5 15 2 2 7 85 3 2 1 1 4 2 3 1 2 5 1 48 22 1 1 13 49 p 2 47 164 1 1 1 p 2 1 2 491 28

Ev1 12 2 1 p 3 96 p 1 p 7 p p 3 2 3 3 3 2 p 3 3 p 61 17 p 16 54 p 1 40 152 6 2 p 1 p 494 15
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Table DR3. Assemblage count data for planktonic foraminifera, Zumaia section 

Species/Samples Ev-14 Ev-20 Ev-25 Ev-30 Ev-32 Ev-34 Ev-36 Ev-39 Ev-41 Ev-49 Ev-51 

Globanomalina imitata 4 8 5     2 1 2   
Globanomalina ehrenbergi 9 24 7  2   10 11 14 15 
Globanomalina pseudomenardii 5 14 4     3 2 11 9 
Globanomalina spp.  2   4    3 1   
Subbotina incisa  1 1     2     
Subbotina linaperta 27 25 29 34 35 7 28 21 33 21 18 
Subbotina triangularis 21 28 32 14 28 15 4 7 15 24 21 
Subbotina velascoensis 3 6 7 2 6 0 7 2 3 2   
Subbotina spp. 66 37 31 66 83 19 147 51 70 53 51 
Parasubbotina varianta 2 1  3    1  1   
Acarinina nitida 4 5 5     2  4 3 
Acarinina primitiva 3 7       1  1 
Acarinina subsphaerica 13 8 7 4  3 2 14 6 13 19 
Acarinina spp. 51 38 20 26 14 6 7 30 41 59 53 
Igorina alberari 12 13 15 29 4 4  19 7 18 15 
Igorina laevigata 5 4 6 5 3   7 2 6 6 
Igorina pusilla 21 21 52 56 11  3 32 9 18 24 
Igorina spp. 24 25 40 51 60 12 6 41 65 27 42 
Morozovella acuta      8  3 2 1 2 
Morozovella aequa 1 2 2  2   2   3 
Morozovella angulata  5 8     7     
Morozovella conicotruncata   1          
Morozovella acutispira 18 7 17 9 7  7 26 12 17 11 
Morozovella oclussa 3 3 2 5 2   2 1 2 3 
Morozovella subbotinae             
Morozovella spp. 15 2 4 3 4  5 9 18 15 17 
Chiloguenbelina midwayensis  1           
Chiloguenbelina spp. 2    3     2   
total 309 287 295 307 268 74 216 293 302 311 313 
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Table DR4. Assemblage count data for benthonic foraminifera, Zumaia section  

Species/Samples 
Ev-
14 

Ev-
20 

Ev-
25 

Ev-
30 

Ev-
32 

Ev-
34 

Ev-
36 

Ev-
39 

Ev-
41 

Ev-
49 Ev-51 

Agglutinated taxa            
Ammobaculites sp. 1 1 1        1 
Ammodiscus cretaceus  1        1  
Ammodiscus spp. 2 2 1 3  4 10 8 4 2 2 
Ammosphaeroidina pseudopauciloculata 2 4 3   3  8 1 4 1 
Arenobulimina truncata 2 2   1 2  3 2 1 1 
Bathysiphon spp.  14 5 5 8 6 4 9 23 8 8 5 
Caudammina ovula 1 1 2 2  3   1   
Clavulinoides amorpha  1  1    4 1  5 
Clavulinoides globulifera 2 1 4 1    3 1 3 1 
Clavulinoides trilatera 3 1    2 2   1  
Clavulinoides spp. 6 1 2 5 3 9 4 10 2 4 7 
Cribrostomoides sp.  1  3  1 1 1 2  1 
Cribrostomoides trinitatensis  1  1 1 4 1 2  3  
Dorothia bulleta 1    1       
Dorothia crassa 16 6 7 1 5 9 5 11 2  9 
Dorothia cylindracea 3 2 4 2 1  2 4 5  1 
Dorothia pupa 1  1 2    6 4 5  
Dorothia sp. 8  4 1 2 12   1   
Gaudryina pyramidata 3 1 3 2 3   3   3 
Glomospira sp. 1 5   1 2 2 3 3  2 
Glomospirella grzybowski  1 1 1   1 2 1 2 1 
Haplophragmoides walteri 1   2  4  1 3   
Haplophragmoides spp. 5  1 3 5 16 23 9 6 4 9 
Hyperammina cf. dilatata  2          
Hyperammina sp. 3  2 5  5  4 7 3 1 
Karrerulina conversa 4 2 3 6   5 5   2 
Karrerulina horrida  4 3 5    1  1  
Karrerulina spp. 2 7 4  9 41 6 7 5 2  
Marssonella indentata  1         1 
Marssonella cf. oxycona 3  1  1   2    
Marssonella trinitatensis        2  1  
Marssonella sp. juvenile    1   2 3 3   
Paratrochamminoides spp.         2   
Praesphaerammina gerochi    5  2  1 3 3 2 
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Psammosphaera irregularis  3      2   5 
Psammosphaera sp.            
Quasispiroplectammina cf. embaensis        1  1  
Recurvoides nucleolus 15 1 4 2    1  3 2 
Recurvoides spp. 30 3 11 9 25 44 11 44 9 6 11 
Remesella varians   1 1  1 2 3 2 2  
Reophax sp. 3 1 3 1 2 4 2 5 4  1 
Repmanina charoides 6 2 4 1 2 15 4 17 9 2 1 
Rhizammina spp. 4 3 2 4 2 2 1 4 3 3 2 
Rzehakina sp.    1 1   1     
Saccammina placenta 6 3 1 6 3 3 8 16 8 7 2 
Saccammina sp. 5 3 2 1 2 13  15 10 2  
Spiroplectammina spp.   1 2  2 2 9 4 1 2 
Spiroplectammina spectabilis 5 2 2  1  4 15 4 1 4 
Spiroplectammina navarroana    4   4    3 
Subreophax sp. 1 1 1 1  5 1 4 1 2  
Subreophax velascoensis 2       1  2 2 
Trochammina globigeriniformis  4         1 
Trochamminids 50 19 21 29 18 35 30 94 19 22 41 
Trochamminoides proteus 4  1 2 3 4 1 4 3 2 4 

Calcareous taxa            
Alabamina cf. creta   1         
Alabamina sp.       1     
Allomorphina cretacea 1           
Allomorphina velascoensis    1     1  1 
Angulogavelinella avnimelechi 10 3 4 5 1 13 4 2 1  10 
Anomalinoides ammonoides 2 2 4 3 2 5 13 7 3 4 2 
Anomalinoides cf. midwayensis 1           
Anomalinoides rubiginosus  1      3    
Anomalinoides spissiformis 13 9 6  2 2 5 24 11 9 3 
Anomalinoides zitteli          4  
Anomalinoides spp. 4 5 4 3 4 7 8 8 8 3 2 
Aragonia sp.  1     1     
Aragonia velascoensis       1 4 1   
Astacolus spp. 1 1  4        
Bifarina sp.   1         
Bolivinoides delicatulus 1 2 1  1  5   3  
Buchnerina sp. 1  1     2 3 1  
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Bulimina spp.  1 1  1 1  4  1 2 
Bulimina midwayensis 3 2 4  1   9 2   
Bulimina trinitatensis 3 6 2 6 1 4 1 5 1 1 4 
Bulimina velascoensis        1    
Buliminella beaumonti 1 1 1   1   1   
Buliminella grata  3          
Cibicidoides hyphalus 12 5 2 4 4 11  8 2 5 7 
Cibicidoides howelli 4 4 1  1 6 4 4 2 2 5 
Cibicidoides pseudoperlucidus 19 5 10 7 7 5 6 12 7 5 7 
Cibicidoides proprius 6   4  3 3 2    
Cibicidoides velascoensis 2       1    
Cibicidoides spp.   1   5 1 3  1  
Coryphostoma spp. 2    3 2  8    
Coryphostoma midwayensis 7 1 5 2   3 1 2 1 4 
Ellipsodimorphina sp. 1  3  2    4   
Eouvigerina sp.  1        3  
Fissurina sp. 2       1  3  
Fursenkoina tegulata 12           
Fursenkoina cf. tegulata 6           
Fursenkoina spp.  1 1    1     
Glandulina spp. 2      1 5 6 1 1 
Globobulimina spp.        1    
Globulina prisca 1 1       2   
Globulina sp. 3 2 5    1 13 3 1 3 
Guttulina  spp. 1  3 1   1 1   1 
Globorotalites sp.   1         
Gyroidinoides beisseli 17 5 5 5 10 4 2 17 4 4 7 
Gyroidinoides depressus 5 1  3 4 2 7 3 3 2 3 
Gyroidinoides globosus 12 3 9 2 3 11 14 10 5 9 3 
Gyroidinoides girardanus 2  4 1  1  16 6  1 
Gyroidinoides quadratus        1   2 
Gyroidinoides spp. 1 2 2  1  2 3    
Laevidentalina spp. 26 26 26 12 29 10 23 102 30 28 15 
Lagena spp. 11 4 5 2 4 2 4 8 3 5 1 
Lenticulina spp.  10 2 3 5 5 2 5 17 6 1 2 
Hemirobulina sp.    1     1   
Neoflabellina jarvisi        2 1   
Nonion havanense 2   1 1  8 21 5  1 
Nonionella spp. 1 2 4 1 1  3 8  1 1 
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Nuttallides sp.    6 5 2 1     
Nuttallides truempyi  7 5 4 9 11 18   5 7 
Nuttallinella coronula    1        
Nuttallinella florealis 1   2 4 9 4 1 2 1  
Nuttallinella sp.   2 2 1  4     
Oridorsalis plummerae 1     1      
Oridorsalis umbonatus   1 1 2 1 1 3 1 1  
Oridorsalis sp.    3  1 4   1 1 
Osangularia plummerae   1   1      
Osangularia velascoensis 1  1  4   1 1 1 4 
Osangularia spp. 1  1 6 4 2 3 7  3 7 
Paliolatella orbygniana        3    
Paralabamina hillebrandti  1 1  2  2 2 3  1 
Paralabamina lunata   1 2 2 3      
Pleurostomella sp. 3 3 2 3 1 3 5 9 4 3 5 
Praebulimina sp. 1   1   6 1 1 2  
Praeglobobulimina sp.         1   
Pseudouvigerina plummerae 1           
Pseudouvigerina sp.          1  
Pullenia cretacea 2   6 1 6 3 3 3 2 3 
Pullenia coryeli 2   2  3  4    
Pullenia jarvisi 3 4 10 6 3 4 8 6  2 6 
Pullenia quinqueloba        1 4   
Pyramidina rudita      11      
Pyramidina sp. 1 1 1 1 1  4   1 4 
Pyrulina sp. 1 3 1 1 3  2 4 3   
Pyrulinoides spp.    4    18 2  1 
Quadratobuliminella pyramidalis      1      
Quadrimorphina allomorphinoides 1    1   1  2  
Reussoolina sp.  2     2 2   1 
Saracenaria sp.   1         
Stensioeina beccariiformis 27 12 14 12 11 43 29 43 24 9 12 
Stillostomella sp. 1   1  1  3 1   
Tappanina selmensis          1  
Valvalabamina lenticula    1   1 1    
            
TOTAL 470 233 269 262 239 451 369 811 317 237 276 
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