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A bstract: An analysis o f 71 samples from the Zumaya Section o f northern Spain ranging in age from Cenomanian 
to lower Eocene enabled us to calibrate the biostratigraphic ranges of Deep-Water Agglutinated Foraminifera 
(DWAF) to the standard planktonie foraminiferal zonal schemes. Comparison with the standard “Geroch and 
Nowak” zonation o f DWAF provides further evidence for the supraregional validity of this zonation, as well as 
new information on the palaeobiogeography o f many o f the species first described from the Flysch Carpathians. 
The nominate taxa of six o f the seven Turonian-Palaeocene DWAF zones defined by Geroch and Nowak (1984) 
were observed in their proper stratigraphie succession at Zumaya (the Ammobaculites problematicus, Uvigerina- 
mmina jankoi, Goesella rugosa, Hormosina ovulum gigantea, and Spiroplectammina spectabilis zones o f Geroch 
& Nowak). Only the index taxon of the lower Paleocene Rzehakina fissistomata Zone was not observed, however 
this zone may be recognised based on alternate criteria (the last occurrence o f Goesella rugosa). The benthic 
foraminiferal extinction at the Palaeocene/Eocene boundary is proposed as an alternate criterion to delimit the top 
of the Spiroplectammina spectabilis Zone.

A bstrak t: Analiza 71 próbek z profilu Zumaya w północnej Hiszpanii, obejmującego utwory od cenomanu do 
dolnego eocenu, pozwoliła na wyznaczenie zasięgów stratygraficznych głębokowodnych otwornic aglutynują- 
cych oraz na korelacje tych zasięgów ze standardową biozonacją opartą na otwomicach planktonicznych. Anali­
zując zasięgi otwornic aglutynujących z tego profilu profilu potwierdzono uniwersalny charakter biozonacji 
zaproponowanej przez Gerocha i Nowaka (1984) oraz stwierdzono jej przydatność również dla obszarów pozakar- 
packich. Praca dostarcza także nowych danych z zakresu paleobiogeografii gatunków otwornic aglutynujących, 
opisanych z fliszu karpackiego. Badania potwierdziły następstwo stratygraficzne pięciu poziomów (Ammobaculi­
tes problematicus, Uvigerinammina jankoi, Goesella rugosa, Hormosina ovulum gigantea oraz Spiroplectammina 
spectabilis sensu Geroch & Nowak) opartych na gatunkach wyznaczonych jako przewodnie przez Gerocha i 
Nowaka (1984). Jedynie gatunek indeksowy dla dolnopaleoceńskiego poziomu Rzehakina fissistomata nie został 
znaleziony w badanym profilu. W pracy zaproponowano zastępcze kryterium do wyznaczenia poziomu Rzehakina 
fissistomata — zanik gatunku Goesella rugosa. Zanik licznych gatunków otwomic bentonicznych na granicy 
paleocenu i eocenu może być dodatkowym kryterium do wyznaczenia górnej granicy poziomu Spiroplectammina 
spectabilis.
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INTRODUCTION

T he coastal section  exposed  along the coast o f  northern  
Spain near Z um aya is p robab ly  the m ost com plete and ex ­
panded  sec tion  o f  U pper C retaceous and low er Palaeogene 
deep-w ater sed im ents in E urope. S tudies o f  the p lanktonie  
foram in ifera l b iostra tig raphy  (H erm , 1965; H illebrandt, 
1965; C anudo  et al., 1995) ind icate  continuous sed im enta­
tion  in the coastal section  from  the low er C am panian  to  the

low er Eocene. In addition , re la tive ly  com plete  C re ta ­
ceous/T ertiary  and  P a laeocene/E ocene boundaries are ex ­
posed  in the c lif f  section  and have recen tly  been  the top ic  o f  
detailed  studies (M ount &  W ard, 1986; M oun t e t al., 1986; 
O rtiz, 1995).

B ecause o f  th e  possib ility  o f  undertak ing  p rec ise  bio- 
stratigraphical correlations to  the standard  p lank ton ie  fora-
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Fig. 1. Map of the northern coast o f Spain, showing the locali­
ties o f the studied sections; 1 -  investigated sections

m iniferal zonal b iostra tig raphy , the Z um aya sections offer 
the un ique  opportun ity  to  calib rate  the b iostratig raphy  o f  the 
d eep -w ater agg lu tina ted  fo ram in ifera  in this m id-latitude 
bathyal setting. P rev ious b iostratig raphical studies o f  the 
U pper C retaceous D W A F  from  nearby  O D P sites on the 
G alic ia  M argin  (M oullade  e t al., 1988; K uhn t &  C ollins, 
1996) have not been  ab le  to d irectly  calibrate the s tra ti­
g raph ie  ranges o f  agg lu tina ted  species ow ing  to  the lack  o f  
ca lcareous m icrofossils in a sub-C C D  setting.

T he purpose o f  th is study is to report the stratig raphie 
ranges o f  D W A F in th e  Z um aya section , and com pare our 
b iostratig raphy  to th e  zonation  o f  agglu tinated  foram in ifera  
defined  by G eroch and N ow ak  (1984) from  the Polish  C ar­
p a th ian s1. The G eroch and N ow ak  Z onation  w as prev iously  
accep ted  by a w ork ing  group  o f  IG C P P ro ject 262 (T ethyan 
C retaceous C orrelation) as the w ork ing  hypothesis against 
w hich  o ther b iostra tig raph ica l schem es are to be tested . This 
com parison  w ith the b ios tratig raphical succession  in the 
O u ter C arpath ians p rovides new  da ta  on the palaeobio- 
geography  o f  D W A F and  the ir u tility  for b iostratig raphy  in 
areas ou tside  the C arpath ians.

STUDY AREA

T he B asque B asin  is one o f  the sed im entary  basins 
a long the N orth  Iberian  continen tal m argin o f  the B ay o f  
B iscay . T he form ation  o f  these basins ow es largely to  the 
C retaceous strike-slip  tec ton ics associated  w ith the Iberian 
ro tation , w hich resu lted  in trench  basins (Schw entke & 
K uhnt, 1992). In th is study , w e p resen t the stratig raphie  d is­
tribu tion  o f  D W A F in the C enom anian  to low er E ocene o f  
the Z um aya  Section, s itua ted  a long  the southern coast o f  the 
B ay o f  B iscay.

T he Z um aya section  consists o f  tu rb id ites and deep- 
w ater lim estones, and  is con tinuously  exposed along the 
base o f  the sea c lif f  from  Punta A itzuri to  San T elm o beach 
in Z um aya. The sed im ents at Z um aya w ere deposited  in a 
subsid ing  flysch trough below  the w ave base, bu t above the 
lysocline. E stim ates o f  the w ater depth vary  from  2 5 0 -5 0 0
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Fig. 2. Stratigraphie profile o f the Upper Cretaceous to Paleo- 
cene of the Zumaya Section, with the ranges of stratigraphically 
important taxa observed in this study

m during the C en o m an ian -T u ro n ian  (S chw en tke  &  K uhnt, 
1992) to  1000 m  during the later part o f  the C retaceous 
(H erm , 1965), and perhaps even  deeper during  the  Palaeo- 
cene. O rtiz  (1995) no ted  th a t the ca lcareous ben th ic  
fo ram in ifera  in the upper P alaeocene part o f  the section  re­
sem ble a typ ica l “V elasco -type” fauna, and  assigned  a low er 
bathyal palaeodepth . T he p lank ton ie  fo ram in ifera l b iostra ti­
graphy o f  the sections has been  studied  by H erm  (1965) for 
the U pper C retaceous and by  H illeb rand t (1965) for the P al­
aeocene. C anudo et al. (1995) stud ied  the p lank ton ie  fo ra­
m in ifera  across the Palaeocene/E ocene boundary . P re lim i­
nary  studies o f  the D W A F from  the section  in itia lly  carried  
ou t by K am inski (1988), S chw entke and K uhn t (1992), and 
by K uhn t and K am insk i (1993). O rtiz  (1995) stud ied  the 
ben th ic  foram in ifera  across th e  P alaeocene /E ocene  tran si­
tion  at the top o f  the exposed  section .

Sample localities

The 71 sam ples exam ined  in this study  w ere co llec ted  
from  P unta  A itzuri to the top o f  the beach ou tcrop  at San 
T elm o (sections 1 ,3 ,4 ,  and  5 in Fig. 1). For the  C o n ia c ia n - 
S antonian  in terval, w hich  is lack ing  at th e  beach  section  due

I This study  is dedicated to the m em ory o f  our beloved teacher and co-w orker Stan G eroch. O ne o f  us (M A K ) recalls an occasion  w hen Stan w as presented 
w ith a few  sam ples from  Z um aya w hich an associate from K raków  had collected during one o f  the m any geological fie ld  trips to the area. S tan  was 
delighted  to see so m any  o f  “h is” favourite  species in the m aterial, and certainly w ould  have liked to have the opportunity  to exam ine the section in 
greater detail. W e are pleased  to p resen t this synthesis o f  b iostratigraphical data from  Z um aya as a  validation  o f  S tan ’s w ork  on the use o f  D eep-W ater 
A gglutinated Foram in ifera  as zonal indicators both in the C arpathians and for strati graphical correlation in o ther areas.
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to  a fault, an in land section  along the road SS-V -1336 from  
Iciar to the P laya Z aconeta  (section  2) has been sam pled  
(Jończyk, 1990). T he com posite  lithological section  from  
th e  C retaceous part o f  th e  outcrop is show n in F igure 2. T he 
base o f  the stud ied  sec tion  is rep resen ted  by a m ajor fault. 
This section  extends from  the T uronian  to  the top o f  the 
D anian  lim estones. O verly ing  the D anian calc iturbid ites at 
P unta  A itzgorri, the upper Palaeocene to  low er E ocene o u t­
crop at San T elm o consists m ostly  o f  d ista l silic ic lastic  tur- 
b id ites and  associated  m arls. T he sam ples reported  in the 
P alaeocene p art o f  the section  correspond  to the sam ple 
num bers o f  H illeb rand t (1965), w ho prov ided  a detailed 
draw ing  o f  th is part o f  the outcrop. T he P alaeocene/E ocene 
boundary  is exposed  in th e  roadcu t leading to  the beach 
house, and is p resen t as a characteristic  d issolu tion  horizon 
rep resen ted  by grey c laystone. F o r this part o f  the section, 
the data  is com piled  from  O rtiz  (1995), w ho studied  29 
c lo se ly -spaced  sam ples across the P alaeocene/ E ocene tran ­
sition  (Z ones P4 to  P6b).

METHODS

Sam ples w ere d isaggregated  using standard  m icropa- 
laeonto log ical techn iques, and  foram inifera w ere m ounted  
on cardboard  slides for m icroscop ic  exam ination . Iden tifica­
tions o f  the species are based  on the w ork  o f  G eroch and 
N o w ak  (1984), K am inski e t al. (1988), K uhnt (1990), 
K uhn t and  K am inski (1990), K uhn t and M oullade (1991), 
K am inski and G eroch  (1993), and K am inski e t al. (1996). 
D ata  com piled  from  the P a laeocene/E ocene boundary  study 
o f  O rtiz  (1995) w as standard ized  to  our ow n taxonom ical 
concepts. T he p lankton ie  foram in ifera l zonation  adopted for 
th is study is tha t o f  C aron  (1985) for the C retaceous, and 
B erggren  and  M iller (1988) fo r the Palaeocene. M icrofaunal 
slides are housed  in the au th o rs ’ collections.

RESULTS

O ur analysis  o f  the T uron ian  to low er E ocene succes­
sion  in the Z um aya section  y ie lded  over 95 species and 
taxonom ic  groups o f  deep -w ater agglu tinated  foram in ifera  
(T able  1). T he w hole succession  contains fo ram iniferal as­
sem blages typ ica l o f  the “ low  to m id-latitude slope” D W A F 
b io facies o f  K uhn t et al. (1989); Figs. 3 -7 . T his b iofacies is 
charac te rised  by vary ing  adm ix tu res o f  calcareous benthic 
and  p lank ton ie  foram in ifera , and the D W A F include m any 
ca lcareous-cem en ted  form s such  as a taxophragm iids. The 
p resence  o f  ca lcareous-cem ented  species belonging  to  the 
genera  C lavu linoides , D oroth ia , G audryina, and  M arsso- 
nella  con tribu te  to  the overall high d iversity  observed  in the 
sam ples.

A t th e  base  o f  th e  stud ied  section , the C enom anian  to 
basal C on iacian  sam ples con ta in  only  sparse  foram inifera. 
In our T uron ian  sam ple, the index species B ulbobaculites 
prob lem aticu s  (N eagu) w as observed. A bove this level, 
sam ples co llec ted  from  the C on iacian  in  th e  Ic ia r-P u n ta  Z a­
coneta  R oad  section  con ta in  com m on Uvigerinam m ina  

ja n k o i (M ajzon). This species ranges into the low erm ost

C am panian in th is section . T he first occurrence  o f  C lavu li­
noides subparisiensis  (G rzybow sk i) w as also found in the 
C oniacian.

N ear the base  o f  the low er C am panian , the first occur­
rences o f  Spiroplectam m ina  ex gr. dentata  (A lth) and  G oe­
se lla  rugosa  (H anzlikovâ) are observed . T his species is 
found sporad ically  in sam ples th roughou t the C am panian  
and M aastrichtian . Species d iversity  increases in the low er 
part o f  the m iddle  C am panian  w hen  the first consisten t oc­
currence Caudam m ina ovula  (G rzybow sk i) is observed. D i­
versity  again increases in the low er p art o f  the upper M aas­
trichtian , w hen m any  o f  the  typ ica l “ fly sch -type” o rgan i­
cally  cem ented  agglu tinated  species appear in th e  section  or 
becom e m ore com m on. O ne d is tinctive even t is the FO  o f  
R em esella  varians  (G laessner) in the u pper M aastrichtian .

T he C retaceous/T ertiary  boundary  a t P un ta  A itzgorri is 
characterised  by an assem blage dom inated  by  o rganically  
cem ented taxa such as A m m odiscus, A schem ocella , Subreo- 
phax, R ecurvoides, and the tubu la r form s Bathysiphon  and 
Rhizammina. S ignificantly , the L O s o f  G oesella  rugosa  and 
C lavulinoides subparisiensis  are bo th  assoc ia ted  w ith this 
horizon.

A bove the K /T  boundary , the D W A F  assem blages from  
the low er D anian  carbonate-rich  sed im ents still contain 
com m on calcareous-cem en ted  form s such  as A renobulim i- 
na, C lavulinoides  and D orothia . H ow ever, h igher in  the 
D anian the calc itu rb id ites exposed in the beach  outcrop at 
San T elm o are rep laced  by m ore terrigenous sed im ents, and 
the o rgan ically -cem ented  fly sch -type  form s becom e dom i­
nant. The LO o f  Spiroplectam m ina  ex gr. den ta ta  is ob­
served in Z one P lb . T he P aleocene assem blages above this 
level are dom inated  by tubu lar fo rm s such as R habdam - 
mina, Rhizam m ina, Nothin, and  o rgan ica lly  cem en ted  taxa 
such as Saccam m ina p la cen ta  (G rzybow ski), Psam m os- 
ph a era  spp., R ecurvoides  spp, and  P aratrocham m inoides  
spp. T he D W A F assem blages con ta in  g rea ter p ropo rtions o f  
tax a  that are typ ica l o f  g rea ter w ate r depths, and  bear a 
g rea ter resem blance to  the P alaeocene “L izard  S prings” 
fauna, w hich is in terpre ted  as rep resen ting  low er bathyal 
depths (K am insk i e t al., 1988). In h is study  o f  the  ca lcare­
ous benthic foram inifera, O rtiz (1995) also assigned  a low er 
bathyal pa leodepth  to the upperm ost P alaeocene p art o f  the 
San T elm o outcrop.

A  num ber o f  first occurrences are observed  in the P a ­
leocene. The FO  o f  Spiroplectam m ina navarroana  (C ush­
m an) w as observed  in Z one P ic ,  bu t as th is species is know n 
from  o lder stra ta  in o ther sectors o f  th e  N orth  A tlan tic , it is 
likely tha t its appearance  in Z um aya is associa ted  w ith the 
facies change. A  stra tig raphically  sign ifican t m orphotype o f  
H aplophragm oides  th a t is transitional be tw een  H aplo- 
ph ragm oides w a lteri (G rzybow sk i) and  R eticulophrag- 
m oides ja r v is i  (C ushm an &  R enz) is first observed  in Zone 
P3b. This H. w alteri/R . ja r v is i  transitional form  has also 
been  observed in Z one P4 in the L izard  Springs Form ation, 
and  it also occurs in the upper P alaeocene o f  the N orth  Sea 
and N orw eg ian  Sea. A lso occurring  a t th is level is the FO  o f  
D oroth ia  belo ides  (H illebrand), a  species first described  
from  the P alaeocene o f  the G osau  u n it in A ustria . S urpris­
ingly, the species Spiroplectam m ina spec tab ilis  (G rzy ­
bow ski) is rare in th e  stud ied  sam ples, and its FO  w as not
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O ccurrence o f  agglu tinated  Foram in ifera  in th e  investigated  sam ples

Table 1

SAMPLE 332 ZUM 134 135 136 13S 145 93 67 312 356 344 344 346 360 366 ZUM 34S 44 54 1&4 325 334 352 353 367 368 371 374 404 407 438 323 324 35 47 152 330 
TUR 1 81 16 62N 85 84 18 6SN 92 77T 77M 82 96 98 0b 3 8 65 24 53 64N 00 81 100 101 105 111 128 130 133 50 52 4 57 19-------------------------------------------------------------------- B T  . . ~  .— — ----------------------------------------------------------------“R ! ; . ft?

R R R R
Ammobaculitee jarvtai 
Ammodiscus ere lace us 
Ammodiscus glabralus 
Ammodiscus pemyi 
Ammodiscus peruvianue 
Ammodscus planu6 
Ammodecus sp. (rough)
Ammosph. pseudopaudloailsta 
Arenobulniina dorbigiyi 
Asehemocella spp.
Bathysiphon epp.
Bubobaculrtes problematic us 
Caudammna wuloides 
Caudanmna cwula 
Clavulrtoidee amorphe 
ClavulhoidsG aspera 
ClavulhokJes gaultńus 
Clavulhoidee głobulfora 
Clavulinoides gr. eggeri 
Clavulinoides 9 ibp  ans tenais 
Clavulnoidea trilatera 
Crfcrostomołdes spp.
Cystammna sp.
Dorothia beloides 
Dorathia crassa 
Dorolhia axycona 
Oofathia retusa 
Dorolhia tmitatansis 
Eggerella trochoides 
Eggerellna 9pp.
Gaudrytia cretacea 
Gaudrywia pyramtdata 
Gaudryina sp.1 
Glomospira charoides 
Glomospka gordialis 
Gkmospira irregularis 
Glomospira serpens 
Gkmospirella gaubina 
Glomospirella grzybowskii 
Glomospirella spp.
GoeseBa rugosa
H. walteri - H(?) jaivfei (transitional) 
Haptophragmiun spp. 
Haplophragmotdes eggeri 
Haplophragmoides horridus 
Haplophragmotdes spp. 
Haplophragmotdes walteri 
Hormosha velascoensis 
Hyperammina dilatata 
Kalamopsts grzybowskii 
Karrerulha conversa 
Karrerulha homda 
Karrerulha ten is 
Lrtuotuba Irtuiformis 
Nothia exceba
Paratrodiammriotdes heteromorphus 
ParatrcchammhokJes acervulatus 
Parotrochaiminoklee irregularis 
Paratrodiammhokiee spp. 
Paratrocharrm incudes subcoronal us 
Popovia elegan6 
Peammcsphaera irregularis 
Pseudobolivina sp.
Reeurvoidee aft. anormis 
Recurvoidea gerochi 
Recurvotdee nucleolus 
Recurvoidee epp.
Remesella varia ns 
Reophax duplex 
Reophax pilulifer 
Reophax sp.
Rhabdanmina spp.
Rhtzammha grzybowskii 
Rhizammtia spp.
Rzehakina epigona 
Saccammina grzybowskii 
Saccammha placenta 
Sculptobaculitee barri 
Sphaerenwnina gerodii 
Spropłectanmina cretosa 
SpiroptecUmmina ex gr. dentata 
Spiroplectsnmna israefskyi 
Spiroplectanmina navarroana 
Spiroplectanmina spectabilis 
Spiropledrtata annectens 
Subreophax pseudoscalaris 
Subreophax scalaris 
Subreophax splendidus 
Tritaxia spp.
Trochammina epp.
Trochammrioidee dubius 
Trodianmhoidee proteus 
UvigerTiarrmina jankoi 
Vemeuilna cretacea 
VemeuHnoidas polystrophus
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36 56 244 383 2 
117 U  38 118 1

> ZUM ZUM 328 3Z7 ZUM 160 328 368 370 430 465 ZUM ZUM 400 400 400 400 40 40 40 40 40 40 40 40 40 400 
I 5 54 55 1 139 56 10B 104 132 135 KT2 KT1 1 2 5 6 12 16 19 22 30 39 40 53 57 60

Ammobacuütee jarvtsi 
Ammodiscus cretaceus 
Ammodiecue glabratus 
Ammodiecus pemyi 
Ammodiscus peruvianus 
Ammodiscus planus 
Ammodiscus sp (rough)
Ammoaph. peeudopauciloculata 
Arenobulmha dorbignyi 
Asehemocella spp.
Bathysiphon spp.
Bubobaculites probtematicus 
Caudammfia ovuloides 
Caudammvia ovula 
Clavurnoides amorpha 
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Fig. 3. SEM micrographs. A. Ammodiscus cretaceus, sample ZUM -6/I, G. gansseri Zone: B. Ammodiscus peruvianus, sample 
ZUM -6/I, G. gansseri Zone; C. Glomospirellci gauliina, sample 135-61, M. sigali -  D. concavata Zone; D. Ammodiscus cf. pennyi, 
sample 135-61, M. s ig a li-D . concavata Zone; E. Glomospira serpens, sample ZUM -6/I, G. gansseri Zone; F .Saccammina cf. placenta: 
sample 327-55, G. gansseri Zone; G. Lituoiubci lituiformis, sample ZUM-6/1, G. gansseri Zone; H. Glomospira irregularis, sample 
ZUM-6/1, G. gansseri Zone; I. Caudammina ovulum, sample ZUM-6/1, G. gansseri Zone; J . Subreophax cf. splendidus,".sample 327-55, 
G. gansseri Zone; K. Hormosina velascoensis, sample 327-55, G. gansseri Zone; L. Hormosina velascoensis, sample ZUM-6/1, G. 
gansseri Zone: M. Hyperammina dilatata, sample Ma-42. Danian; N. Hvperammina dilatata. sample Ma-42. Danian Length of scale bar 
-  200 (.im
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Fig. 4. SEM micrographs. A. Bulbobacnlites problematicus, sample ZUM-TUR. M sigali /o n e ; B-C. Bulbobacnlites problematicus, 
sample ZUM-TUR, M. sigali Zone; D. Ammobaculites cl jarvisi, sample 369-103, A. mayaraęmis Zone; E. Ammobaculites sp., sample 
ZU M -IO 'l, G. eugubina Zone; F-H. Ammobaculites sp, 3. snmple ZUM-KT1, G. eugubina Zone; 1. Hubreophax cf, scalaris, sample 
ZU VI-6/1, G. gansseri Zone; J, Reophax sp.: sample ZUM-6/1, G. gansseri Zone; K. 1'seudoboHvina sp., sample 135-61, M. sigali - D. 
concavata Zone; L. Verneuilinioicles paiystrophus, sample 135-61, M. sigali -  D. concavata Zone; M. Karrehella Iwrrida, sample 
145-95. M. sigali - IX concavata Zone. Length of scale bar - 200 (am
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Fig. S, SEM micrographs. A. Ammosphaeroidina pseudopauciloculata. sample 328-58, //. mayaroensis Zone: B. Ammosphcieroidinci 
pseudopauciloculata, sample 369-103, A. mayaroensis Zone; C. Ammosphaeroidinapsendopauciloculata. sample ZUM-6/2. G. gansseri 
Zone, D. Haplophragmoides cf. walteri’, sample 135-61, Ivl. sigali — D. concavata Zone; E-F. Haplophragmoides sp. 2, sample 135-61. 
M. sigaii — D. concavata Zone; G. Haplophragmoides sp. 323-50, sample 323-50, G. calcarata Zone; H. Cribrostomoides trinitatensis, 
sample Ma-42, Danian; I-J. Haplophragmoides sp. 2, sample Ma-42, Danian; K. Recurvoides sp., sample 135-61, M. sigali -  D. 
concavata Zone; L. Uvigerinamminajankoi, sample 135-61, M  s ig a li-D . concavata Zone. Length of scale b a r- 2 0 0  am



DEEP W ATER AGGLUTINATED FORAMINIFERA FROM ZUM A YA 265

Fig. 6. SEM micrographs. A. Paratrochamminoides heteromorphus, sample 327-55. G. gansseri Zone; B. Trochamminoides cf. 
dubiits. sample 135-61. M. sigali -  D. concavata Zone; C. Trochamminoides cf. proteus, sample ZUM-6/1, G. gansseri Zone; D. 
Trochamminoides proteus, sample ZUM-6/1, G. gansseri Zone; E. Paratrochamminoides sp., sample 327-55, G. gansseri Zone; F. 
Trochammina cf. deformis. sample ZUM-6/1, G. gansseri Zone; G. Trochammina globigerinifonnis, sample Ma-42, Danian; H. 
Trochammina globigerinifonnis. sample ZUM-6/1, G. gansseri Zone; I-J. Trochammina globigeriniformis, sample 13 5-61. M. sigali D. 
concavata Zone. K. Clavulinoides eggeri, sample 356-92. A1. sigali — D. concavata Zone; L. Clavulinoides eggeri. sample 34S-3, G. 
\ enti icosa Zone. M. 7 /itaxia sp., sample .'|4S-3. G. ventricosa Zone; N-O. Dorothia retusa, sample 34S-3, G. ventricosa Zone. Length of 
scale bar -  200 um

10 — A-ccales..
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Fig. 7. SEM micrographs. A. Goesella rugosa, sample ZUM-6/1, G. gansseri Zone: B. Goeselia nigosa, sample ZUM-6/2, G. gaiisseri 
Zone; C. Goesella sp., sample 369-103, A. mayaroensis Zone; D. Gaudryina sp. (coarse), sample ZUM-6/1, G. gansseri Zone; E. 
Remesella varions, sample ZUM-6/1, G. gansseri Zone; F-G. Remesella varions, sample 369-103, A. mayaroensis Zone; H-I. Gaudryina 
pyramidata, sample 360-96, G. elevata Zone; J . Gaudryina cretacea, sample 368-101, G. ventricosa Zone; K. Remesella varions, sample 
Ma-42, Danian; L. Spiroplectammina israelskyi, sample Ma-42, Danian; M. Spiroplectammina dentala, sample ZUM-6/1, G. gansseri 
Zone; N-O. Dorothia crassa, sample ZUM-6/1, G. gansseri Zone. Length of scale bai' -  200 ^m
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observed  until the  upper p art o f  Zone P4. L ikew ise, the ge­
nus R zehakina  occurs very  rare ly  in our sam ples. B oth 
form s are com m on in the u pper Palaeocene in T rin idad  and 
in the F lysch  C arpath ians, b u t their stratig raphie  occurrence 
is m uch restric ted  at Z um aya.

T he P a laeocene/E ocene boundary  is represen ted  by a 
20 cm  th ick  dark-grey  shale  layer, overlain  by 4 m  o f  red 
clay. T he dark-grey shale layer represen ts a  d issolu tion  hor­
izon th a t corresponds to  the ben th ic  foram iniferal m ass ex ­
tinc tion  and the delta 13C sh ift (O rtiz, 1995), w hich are used 
to  delim it the P /E  boundary  in deep sea cores. In his study o f  
the ben th ic  foram in iferal ex tinc tion  at Z um aya, O rtiz  (1995) 
reported  th a t the to tal ben th ic  fo ram in ifera  d iversity  drops 
by 94%  (from  74 to 4  species) across the grey  shale layer. 
B elow  th e  grey  shale layer, the upper P alaeocene assem ­
blages con tain  the typ ica l fly sch -type  form s such as Gan- 
dryina p yra m id a ta  C ushm an, D oroth ia  retusa  (C ushm an), 
C lavulinoides am orpha  (C ushm an), R em esella  varians 
(G laessner), S. spectab ilis  (G rzybow ski), C ribrostom oides 
trin itatensis  C ushm an & Jarvis, Saccam m ina p lacen ta  
(G rzybow sk i), H orm osina velascoensis (C ushm an), Caitd- 
am m ina ovuloides  (G rzybow ski), and Trochamm inoides 
spp. T he ex tinction  o f  Caudam m ina  spp., C lavulinoides 
am orpha  (C ushm an), C. glohulifera  (Ten D am  & Sigal), 
D oroth ia  retusa, R em esella  varians, Rzehakina epigona  
(R zehak), and  Trocham m inoides pro teus  (K arrer) w ere ob ­
served at o r ju s t slightly  below  the grey shale layer, along 
w ith  the extinction  o f  num erous Paleocene calcareous ben ­
th ic taxa. F o llow ing  the ben th ic  ex tinction  in the interval o f  
low  delta  l3C values, the agglu tinated  foram inifera consist 
o f  sm all, th in -w alled  species o f  H aplophragm oides spp., 
G lom ospira  charoides (Jones &  Parker), and Trochammina  
spp. A bove the d isso lu tion  horizon, the low erm ost E ocene 
(upper p art o f  Z one P6a and  low erm ost p art o f  Z one P6b) 
agglu tinated  assem blages are  characterised  by successive 
peaks o f  K arrerulina conversa  (G rzybow ski) and G lom os­
p ira  charoides. O ther E ocene survivors include A m m odis­
cus g labra tu s  C ushm an & Jarvis, H aplophragm oides w ai­
te r i (G rzybow ski), Lituotuba lituiform is (B rady), Saccam ­
mina grzybow sk ii (S chubert), Spiroplectam m ina navar- 
roana  (C ushm an), S. spec tab ilis  (G rzybow ski), Trochammi- 
naa Itiformis C ushm an & R enz, and Trocham m inoides sub- 
coronatus (G rzybow ski) (O rtiz, 1995).

COMPARISON WITH THE “GEROCH 
AND NOWAK ZONATION”

T he stra tig raphical succession  o f  index species at Z u­
m aya d isp lays m any features in com m on w ith the zonation 
for the S ilesian  N appe o f  the O uter C arpathians defined by 
G eroch and N ow ak  (1984). T his zonation  has served as a 
b iostra tig raph ica l standard  fo r num erous additional studies, 
both in the a rea  o f  the C arpath ians (e.g ., B ubik, 1995) and in 
d ifferen t regions o f  the N orth  A tlan tic  and w estern T ethys 
(e.g ., K am insk i et al., 1989; K uhnt, 1990; K uhnt &  M oul- 
lade, 1991; C occioni e ta l . ,  1995).

In the Z um aya sections, w e observe the m ost o f  the es­
sential index taxa o f  the T uron ian  to P alaeocene zones es­
tab lished  by G eroch  and N ow ak , although there are som e
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Fig. 8. A comparison between the succession of DWAF zones 
observed at Zumaya, with the zonation o f Geroch & Nowak ( 1984)

notab le  d ifferences (Fig. 8).
The species B ulbobaculites prob lem aticu s  w as ob ­

served in our single T uronian  sam ple. T his is the nom inate  
taxon o f  G eroch and N o w ak ’s “A. prob lem aticu s  Z one” , a 
partial range zone w hich  is o f  m idd le C enom anian  to early  
T uronian  age in th e  Polish C arpath ians. Its occurrence  at 
Z um aya m eans it possesses a w ide  ba thym etric  d istribu tion , 
as it also occurs com m only  in th e  T u ron ian  a t O D P Site 641 
o ff  G alicia  B ank, w hich  w as beneath  the C C D  at the tim e.

T he in terval be tw een  the FO  o f  U vigerinam m ina ja n k o i 
and the FO  o f  G oesella  rugosa  defines the u pper T uronian  
to  Santonian U. ja n k o i Z one o f  G eroch  and N ow ak . U viger­
inammina ja n k o i w as observed  in p roper sequence  in the 
C oniacian  o f  the Z um aya sections. H ow ever, it is know n to 
range upw ards from  the T uronian  in o ther areas. W e have 
found this species at num erous localities, both in the N orth  
A tlan tic  D SD P/O D P sites and in com m ercial w ells drilled
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along  the N orth  A tlan tic  m argins. It is a very  useful zonal 
ind ica to r in  the m ost areas.

T he FO  o f  G oesella  rugosa  w as observed  at the base o f  
the C am panian , in full ag reem en t w ith the G eroch and 
N ow ak  Z onation . Its occurrence  in  the N orth  A tlan tic  sec­
tor, how ever, seem s to  be linked to  the occurrence o f  ca l­
cium  carbonate  in sed im ents. It is a ca lcareous-cem ented  
form , and is no t found  beneath  the C C D  in the abyssal N orth  
A tlan tic  D S D P/O D P sites.

T he Caudam m ina ovu la  group occurs consisten tly  and  
becom es com m on in sam ples in the m iddle part o f  the m id­
dle C am panian . T he FO  o f  Caudam m ina gigan tea  (G eroch) 
m arks the base o f  the m id  C am panian  to  M aastrichtian  “H. 
ovulum g igan tea  Z o n e” o f  G eroch  and N ow ak. W hile w e 
did n o t separate  the larger C. g igan tea  from  the sm aller C. 
ovulum  in th is study, w e no te  that the group occurs in its ex ­
p ected  position . A no ther stra tig raphically  im portant event 
w hich m ay  be used to subdiv ide the “H. ovulum gigan tea  
Z one” is the FO  o f  R em esella  varians. In Z um aya, this event 
occurs in the upper M aastrich tian . T his species has been  o b ­
served  in the m iddle M aastrich tian  at several localities, such 
as G ubbio  (K uhnt, 1990) and at D SD P Sites 385 and 398 
(K uhn t &  M oullade, 1991). K uhn t and M oullade defined  a 
m idd le -upper M aastrich tian  R. varians  Z one based on its 
first occurrence.

A t Z um aya, the nom inate  species o f  G eroch and 
N o w a k ’s low er Palaeocene “Rzehakina fissistom a ta  Z one” 
w as no t observed. O nly  sporad ic  occurrences o f  rzehakinids 
w ere found  in the u pper M aastrich tian  and Palaeocene part 
o f  the succession , and  these  are m ore sim ilar to  the type spe­
cies o f  th e  genus, R. epigona. In general, R. fiss is tom a ta  is 
rare in  the N orth  A tlan tic . H ow ever, the “R. fissistom a ta  
Z one” can still be recogn ised  at Z um aya based on alternate 
criteria. G eroch and N o w ak  regarded the LO  o f  G oesella  ru- 
g osa  to  co incide w ith  the K /T  boundary  (the base o f  the “/?. 
fiss is to m a ta  Z one” ) in the Polish C arpath ians. T his is in full 
ag reem en t w ith  our observations at Z um aya.

Spiroplectam m ina spectab ilis  has a curious palaeobio- 
geograph ica l occurrence in the eastern  A tlan tic  and T ethys. 
Its FO  defines the base o f  G eroch  & N o w ak ’s T hanetian  S. 
spec tab ilis  Z one in the Polish  C arpathians. Its FO  w as re ­
corded as upper M aastrich tian  in T rin idad  by K am inski et 
al. (1988). It is certa in ly  abundan t in the upper Palaeocene 
in the N o rth  Sea and w est o f  Shetlands, bu t it w as no t ob ­
served  in ou r P a laeo c en e -lo w er E ocene sam ples from  the 
T alaa L akhra flysch from  northern  M orocco (K am inski et 
al., 1996), o r in the P a laeo cen e -E o cen e  a t O D P Sites 897, 
899, and 900 on the Iberia  A byssal Plain (K uhnt &  C ollins,
1996). In Z um aya, its occurrence  is rare and d iscontinuous. 
W e observed  it in our sam ples from  Z ones P4 and P5. It d is­
appeared  at the Palaeocene/E ocene boundary , then  reap ­
pears in sm all num bers in low er E ocene Z one P6b (O rtiz, 
1995).

W e p refe r to use th e  term inal P alaeocene ben th ic  ex ­
tinc tion  to  define the top  o f  the upper Palaeocene S. spec ta ­
bilis  Z one for a num ber o f  reasons. Firstly , at th is level a 
large num ber o f  cosm opolitan  deep-w ater ben th ic  foram in i­
fera becom e extinct. S econdly , the nom inate species o f  G e­
roch and N o w ak ’s “Saccam m inoides carpathicus Z one” has 
never been  observed  ou ts ide  the F lysch C arpath ians. There

are m ultip le criteria  tha t can  be  used  to recognise  the top o f  
the S. spectab ilis  Zone, both w ith in  the C arpath ians and in 
the T e th y an -N o rth  A tlan tic  p rov ince , includ ing  a  size re­
duction  in the agg lu tinated  foram in ifera , a  sh ift in the p ro ­
portions o f  m orphogroups (K am insk i et a l., 1996), and a 
sharp decrease in diversity  (O rtiz, 1995). In m any  areas, the 
low er E ocene assem blages re flec t m ore o ligo troph ic  condi­
tions and  are characterised  by tax a  such  as K arreru lina  and 
G lom ospira.

CONCLUSIONS

T he biostratig raphic  succession  o f  D W A F in the Z u­
m aya section  o f  northern  Spain allow s us to  recognise  m any 
o f  th e  C oniacian  to P alaeocene zones o rig inally  defined  by 
G eroch and N ow ak  (1984).

T he U vigerinam m ina ja n k o i  PR Z, G oesella  rugosa  
PRZ, H orm osina ovulum g igan tea  PR Z  w ere  all observed  in 
their p roper succession, and d irec tly  ca lib ra ted  to the stand­
ard p lank ton ie  foram iniferal b iostra tig raphy  in the Z um aya 
Section. O w ing  to  the lack o f  tw o  index taxa  from  the 
G eroch and  N ow ak  Z onation  (R zehakina fiss is to m a ta  and 
Saccam m inoides carpath icus), a lte rnative critera  are p ro ­
posed  to delim it the bases o f  these zones. W e conclude  that 
the G eroch and N ow ak  Z onation  can be u sed  as an excellen t 
w orking m odel for “m ixed assem blages” characteristic  o f  
low to  m id-latitude slope m arl D W A F biofacies, even  in ar­
eas tha t are geographically  rem oved  from  the Polish  C arpa­
thians. W ith few  notab le  excep tions, the index taxa  chosen 
by G eroch and N ow ak  for th e ir b iostra tig raph ica l schem e 
are cosm opolitan  taxa that have a w ide geograph ica l and pa- 
Iaeoecological d istribution.
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Streszczenie

GŁĘBOKOWODNE OTWORNICE
AGLUTYNUJĄCE Z OSADÓW W PROFILU 

ZUMAYA, W PÓŁNOCNEJ HISZPANII 
(CENOMAN-EOCEN)

W olfgang Kuhnt &  M ichael A. K am inski

Odsłonięcia w rejonie Zumaya, w północnej Hiszpanii stano­
wią prawdopodobnie najbardziej kompletne profile głębokowod­
nych osadów górnej kredy i dolnego paleogenu w Europie. 
Potwierdzono to w badaniach zespołów otwomic planktonicznych 
(Herm, 1965: Hillebrandt, 1965; Canudo et al., 1995). Daje to 
podstawę do kalibracji zasięgów różnych grup mikrofauny, w tym 
głębokowodnych otwomic aglutynujących, zasiedlających środo­
wiska batialne. Kalibracja taka była głównym celem tych studiów'. 
Przedstawiono ponadto porównanie wyróżnionych poziomów bio- 
stratygraficznych z zonacją zaproponowaną przez Gerocha i No­
waka (1984) dla polskich Karpat fliszowych.

Badane osady były deponowane w basenie baskińskim, poło­
żonym wzdłuż północnej krawędzi kontynentalnej w rejonie Za­
toki Biskajskiej. Profile osadów w rejonie Zumaya są reprezento­
wane przez turbidity klastyczne i głębokowodne osady węglano­
we. Ich sedymentacja miała miejsce początkowo (cenoman- turon) 
na głębokości 250-500 m (Schwentke & Kuhnt. 1992), później 
(koniak-mastrycht) na głębokości około 1000 m (Herm, 1965). W 
paleogenie basen uległ dalszemu pogłębieniu (Ortiz, 1995).

Analizowano 71 próbek w pięciu odcinkach profilu, obejmu­
jących utwory od cenomanu do dolnego eocenu (Fig. 1 ). Pełny li­
tologiczny profil osadów obejmujący ich odcinek kredowy przed­
stawiono na Fig. 2. Oznaczono ponad 95 gatunków głębokowod­
nych otwomic aglutynujących (Table 1). Reprezentują one biofa-
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cje „skłonu kontynentu dła niskich i średnich szerokości geogra­
ficznych” (Kuhnt et al., 1989). Zespoły charakteryzuje liczna 
obecność form o szkielecie scementowanym węglanem wapnia, 
np. należących do nadrodziny Ataxophragmiacea, z rodzaju Cla­
vulinoides, Dorothia, Gaudryina i Marssonella.

Zespoły cenomanu, turonu i dolnego koniaku zawierały nie­
liczne otwornice aglutynujące. W osadach turonu oznaczono Bul- 
bobaculites problematicus (Neagu). W młodszych (koniak), licz­
nie występuje Uvigerinammina jankoi (Majzon), która sięga w 
tym profilu do najniższej części kampanu. W utworach koniaku 
stwierdzono pierwsze pojawienie się Clavulinoides subparisiensis 
(Grzybowski).

W pobliżu granicy santon/kampan po raz pierwszy pojawił się 
gatunek Spiroplectammina ex gr. dentata (Alth) oraz Goesella ru­
gosa (Hanzlikovâ). Ten ostatni był znajdowany w osadach kam­
panu i mastrychtu. Zróżnicowanie gatunkowe wśród otwornic 
aglutynujących zwiększyło się na początku środkowego kampanu. 
W osadach tego wieku odnotowano pierwsze pojawienie się Cau­
dammina ovula (Grzybowski). Ponowny wzrost zróżnicownania 
taksonomicznego miał miejsce w młodszej części późnego mastry­
chtu. Wtedy po raz pierwszy pojawiły się otwornice z gatunku Re- 
mesella varians (Glaessner).

Granicę kredy i trzeciorzędu charakteryzuje obecność form o 
szkielecie z cementem organicznym, takich jak: Ammodiscus, 
Aschemocella, Subreophax, Recurvoides i obecność form rurko­
watych. Z tą granicą wiąże się ostatnie pojawienie Goesella ru­
gosa i Clavulinoides subparisiensis.

Powyżej granicy K/T (dolny dan), zespół głębokowodnych 
otwornic aglutynujących charakteryzuje liczna obecność form o 
cemencie węglanowym, należących do Arenobulimina, Clavuli­
noides i Dorothia. W górym danie, dominowała sedymentacja bar­
dziej klastyczna, i tym samym uległ zmianie zespól otwornic aglu­
tynujących, z dominującymi formami o cemencie organicznym. W 
poziomie P lb  zaobserwowano ostatnie pojawienie się Spiroplec­
tammina ex gr. dentata. Młodsze osady paleocenu są zdominowa­
ne przez formy rurkowate z rodzaju Rhabdammina, Rhizammina, 
Nothia oraz formy o cemencie organicznym, takie jak Saccam- 
mina placenta (Grzybowski), Psammosphaera spp., Recurvoides 
spp. oraz Paratrochamminoides spp. Zespoły te zawierają większy 
udział otwomic znanych z głębszych środowisk (dolny batiał), jak 
na przykład opisane przez Kaminskiego et al. (1988) z osadów pa­
leocenu z “Lizard Springs”.

W paleocenie udokumentowano ponadto szereg pierwszych 
pojawień się otwornic głębokowodnych. Dotyczy to Spiroplec­
tammina navarroana (Cushman) (od poziomu Plc), form pośred­
nich pomiędzy Haplophragmoides walteri (Grzybowski) i Reti- 
culophragmoides jarvisi (Cushman et Renz) (od poziomu P3b) 
oraz Dorothia beloides (Hillebrand). Gatunek Spiroplectammina 
spectabilis (Grzybowski) jest rzadki w badanych osadach i jego 
pierwsze pojawienie się udokumentowano dla osadów z górnej 
części poziomu P4. Podobnie, bardzo rzadkie są formy z rodzaju 
Rzehakina, które znane są z licznych wystąpień w górnym paleo­
cenie w Karpatach fliszowych.

Granica paleocen/eocen jest wykształcona jako 20 cm miąż­
szości pakiet ciemoszarych łupków. Reprezentują one poziom roz­

puszczania węglanowej mikrofauny, podkreślony gechemicznie 
przez dużą amplitudę 3C (Ortiz, 1995) i odpowiadają okresowi 
wielkiego wymierania otwomic bentonicznych. W profilu Zu­
maya, Ortiz (1985) udokumentował spadek zróżnicowania gatun­
kowego bentosu otwomicowego o 94% (z 74 do 4 gatunków).

Poniżej horyzontu ciemoszarych łupków, górnopaleoceńska 
fauna zawiera formy chrakterystyczne dla sedymentacji turbidy- 
towęj. Należą one do gatunków: Gaudryina pyramidata Cushman, 
Dorothia retusa (Cushman), Clavulinoides amorpha (Cushman), 
Remesella varians (Glaessner), 5. spectabilis (Grzybowski), Cri- 
brostomoides trinitatensis Cushman et Jarvis, Saccammina pla­
centa (Grzybowski), Hormosina velascoensis (Cushman), Cauda­
mmina ovuloides (Grzybowski) i Trochamminoides spp. Nieco 
poniżej granicy paleocen/eocen lub w jej obrębie odnotowano 
ostatnie pojawienia Caudammina spp., Clavulinoides amorpha 
(Cushman), C. globulifera (Ten Dam et Sigal), Dorothia retusa, 
Remesella varians, Rzehakina epigona (Rzehak) i Trochammi­
noides proteus (Karrer). Powyżej tego horyzontu, w osadach o ni­
skiej wartości delta l3C otwornice aglutynujące stanowią formy 
male i cienkościenne, należące do Haplophragmoides spp., Glo­
mospira charoides (Jones et Parker) i Trochammina spp. Młodsze 
zespoły (powyżej granicy P6a/P6b) charakteryzuje bardzo liczna 
obecność Karrerulina conversa (Grzybowski) i Glomospira 
charoides, z podrzędnie występującymi Ammodiscus glabratus 
Cushman et Jarvis, Haplophragmoides walteri (Grzybowski). Li- 
tuotuba lituiformis (Brady), Saccammina grzybowskii (Schubert), 
Spiroplectammina navarroana (Cushman). S. spectabilis (Grzy­
bowski), Trochammina altiformis Cushman et Renz i Trochammi­
noides stibcoronatus (Grzybowski) (Ortiz, 1995).

Sukcesja stratygraficznie istotnych taksonów otwornic aglu­
tynujących w profilu Zumaya jest bardzo podobna do sukcesji 
tych samych gatunków w Karpatach fliszowych (Fig. 3), udoku­
mentowanej przez Gerocha i Nowaka (1984).

Badania potwierdziły następstwo stratygraficzne pięciu po­
ziomów (Ammobaculites problematicus, Uvigerinammina jankoi, 
Goesella rugosa, Hormosina ovulum gigantea oraz Spiroplectam­
mina spectabilis sensu Geroch i Nowak) opartych na gatunkach 
wyznaczonych jako przewodnie przez Gerocha i Nowaka (1984). 
Jedynie gatunek indeksowy dla dolnopaleoceńskiego poziomu 
Rzehakina fissistomata nie został znaleziony w badanym profilu. 
W pracy zaproponowano zastępcze kryterium do wyznaczenia 
poziomu Rzehakina fissistomata, to jest -  zanik gatunku Goesella 
rugosa. Zanik licznych gatunków otwomic bentonicznych na gra­
nicy paleocenu i eocenu może być dodatkowym kryterium do 
wyznaczenia górnej granicy poziomu Spiroplectammina spectabi­
lis.

Według autorów, zonacja zaproponowana przez Gerocha i 
Nowaka (1984) może być doskonałym modelem używanym w 
pracach biostratygraficznych dla analizy batialnych osadów depo­
nowanych w basenach położonych w niskich i średnich szerokoś­
ciach geograficznych, nawet gdy badane osady pochodzą z obsza­
rów znacznie oddalonych od polskich Karpat fliszowych. Z nie­
licznymi wyjątkami, taksony indeksowe wybrane do tej zonacji 
przez Gerocha i Nowaka reprezentowały formy kosmopolityczne i 
miały szerokie rozprzestrzenienie paleobatymetryczne.




