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STRATIGRAPHY/PALAEONTOLOGY

DISCOVERY OF A PLANKTONIC FORAMINIFERAL ASSOCIATION
BETWEEN THE ABATHOMPHALUS MAYAROENSIS ZONE AND
THE “GLOBIGERINA" EUGUBINA ZONE AT THE CRETACEOUS/
TERTIARY BOUNDARY IN THE BARRANCO DEL GREDERO
(CARAVACA, SE SPAIN):
A PRELIMINARY REPORT. I

By
3. 8T

by Prof. W. P. de 18, 1977)

STMMHARY
Tn the outerops of the boundary described, which is found in the Loma do Solana
unit of the North Subbetio zono, the seotion across tho boundary is moro complote
than in any othor flly marin soetion with pelagic sediments 9 fur describod. A thin
lay layer is enoonntared which soparates sedimants with a fuuna the Cretaceous
Abathomphalus mayaroensia Zone from thoso with & funa of tho Paloooeno *Glo-
‘igorina” ougubina Zono. ‘This boundary layer contains an indigenous planktonic

of the Globotruncana-Rugoglobigorina fauns may have taken place in less than 1.000
yoars.

INTRODUCTION
At the end of the Cretaceous (Maustrichtian) the dinosaurs, mosasaurs,
plesiosaurs, ammonites, belomnites and numerous other animals of smaller
systematic units became extinct. No species of the Globigerinacen are
to cross the CretaccousTertiary boundary, although relations
Detween Cretaceous and Tertiary specios have beon suggested (Berggren
1960, 1962, Olsson 1970); nevertheless the Globigerinacea continued to
exist and, accordingly, some specics must have survived the terminal
Cretaceous event, whatever the cause of the mass extinetions may have
been, So far investigations have failed to discover the planktonic fora-
miniferal “missing link”.

On land continuous sections of fully pelagio sediments across the
Cretaceous-Tertiary boundary from which the individual specimens of
‘planktonic Foraminifera can be extracted aro relatively scarco and most
information on the boundary is based on material provided by the Deep
Sea Drilling Project (D.S.D.P.) in the last cight years. All investigators of
this material confirm the statement of a.0. Luterbacher and Premoli Silva
(1964) that the extinctions of the Cretaceous planktonic Foraminifera
took place very suddenly, as observed even in the most complete cores.



The author investigated forty localities in the Subbetic zone between

cross the boundary. In all these localitios the transition from Cretaceous
> Tertiary takes place within calcaroous pelagic sedimenta with vorying

e el i sevy ‘planktanio Forami
bundance in al A deposi

"Ts mosb oomplot soction waa fousd it Bisraaao dl Grodero four
m South-West of Caravaca (Fig. 1). Everywhoro else parts of the zonation
sund there were missing. Always part of tho Paleogone (the “G". eugubina,
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i ‘half of the sections part
In nearly all sections the Crotaccous s conformably ovarlain by the Paleo-
gene. These hiatuses may be due to submarine erosion phenomena such.
o inting o Gbility mesoat el Sk oan 59 seadtaded feom
the presence of turbidites, slumprmasses and olistostromes. Aliernatively
S ay b the el ot e o e oo gk
1o sedimentation took place. The presence of similar “highs” may be
deduced from to di f il
in thicknoss, very close togethor in the Almoyas area (Fig. 3).
i the Bamweco 1l Gt ik and xadssbed woon of nte
rtiary ago h
soctions wero taken. These exposures wero x....l st by Fallot
et al. (1958), Durand Delga e al. (1950), Paquet (1969) and Van Veen
here be followed over &
i is frequently exposed.
liments aro fully marino, pelagie marls and calcilutites and only
a fow turbidites aro intercalated,

The entiro soquence from Cenomanian to middle Focens, some 000
metres in hickness, contains abundant planktonie foraminiferal fuunas;
‘most samples yiold cloan wash rosidues with woll-proserved fiunas,
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thick marly clay intorval ocours (B.3, pago 288), containing an indigenous
‘planktonio foraminiferal fuuna it i e i o mulmlymg

sud o
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all aspects of the ho.mdm in these outcrops in collaboration with special-

it in the fields of nannoplankton (T Romein, 1076, 1977), Dinoflagellata

(Do Conick, missohmieky and imesiogy

Tt is the purpose of this paper to deseribe the goologio setting in which the

Chrtmeme ey boundry oseurs s o ivosome prelmiaary dels

Tertiary beds has been mu,- led. Pat of this material s available to
colleagues interested. The classification of Ingram (1954) has beon followed
toindioato the thickness o beds,
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RRotoNAL sTRATIORATIY
Condiloras along the meridian of Caravaca consis of

Fllowing at Sothof e hcynio Nt he Pt sno ol
consisting of sballow marine and continental doporits o
Mo g Soths ot sl S Sabbes s, Toanl 4
lower Lis aro similar to thoso of the Prebetic. From tha upper Lias on-
wards decper water facies provail. The Crotaceous and Totiary consist
of an apen marine facies of pelagic and gravtationslly emplaced deposits.
South of the Subbetic, the Batic zone is found, consisting of four supor-
imposed tactonic comploxss. The lower three consist of motamorphosed
sediments of Trissic und older age. The uppermost, Malugnido complx is
non- or hardly metamorphic and comprises Silian to Oligoceno ro

The Subbetic is subdivided in three subzones, the North Subbotie, the
Central zono and the Sonth Subbetic (1. 3. In late Cretaccons and carly
Tmmry all three zones are characterized by the association of pelagites
and aro, howovar, disgnostio diffrences betwoen the
fndividual polagl and e individual e ok it of tho the
subsones. All Cretaccous-Tertiary boundaries known in those subzones
have been examined. In the North %ublmtm (E\g. 3), the boundary is wel
exposed in the so-called Loma de Solana unit. In the Central and South
Subbotic zones, doformation has been more severe and. houn
rarely b followed over Irger distances, Some forty separate octions over
the boundary hava been exumined in i atterpt {0 ind tho most suitablo
one. In al these seations, however, one or maro planktonio foruminiforal
il sones v found o be i, ndisted o o ecompanying
map (Fig. 3), and the seqences of pelagic rocks are thin compared with
those of the Loma.do Solanx unit in the North Subbetic. Therofore the
Giredero section from the latter unit has been sclcted a5 the objeot
the present investigation

F

LooaL sTaTIGRATIY
“The Loma do Solana it in the North Subbetio sone diffrs from other
North-Subbetic it by its unsual thickness and tho continuous sedi-
mentation. Details o this unit have proviously boon published by Fallot
et al. (1058), Durand Delga et al. (1959), Paquet (1009), Van Voen (1969)
and Von Hillebrandt (1975).
Vo sl b Slew e Iiotrdgapl sefenion of Vas Vs
e Cretaceons to Miocene doposits into. the
{ollawing ihosenigrapie e

©) Gredero formation Lawer Eocene to Miocene.
B) Jorquera form Lower Maastrichtian to Lower Eocene.
) Quipar formation. Cenomanian to Campa

Al e s oo odcllly o el wIdIaeddml e
with intercalations of caloareous turl in the upper two formations.
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The Towermast, i.e. the Quipar formation, is developed in a Couches
Ronges facies, but has only a singlo reddish ey s et 3
lower Campanian. In the Jorquera formation the pelagic rocks of the
lower part are still very like the Couches Rouges, but in the upper part
and in the overlying Gredero formation soft marls begin to prdominate
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porcentage

Van Veen (1969) divided this formation into four parts, J&-Jd. This sub-
dision i thosruigrapiclly nt vy tcactay, Van Voon (1900
himself considered it “somerwhat artifioal
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In fig. 2 tho Jorquera. formation is dapictod, with successively higher
enlargement of the Cretaceous-Tertiary boundary beds, The first column
fter Van Veen (1969) for the Cretaceous and after Von
Hillebrandt (1675) for the Palcocene interval.

7% Member
White, rolatively thick-beddod, hard calcilutites alternating with softer
thin- to medium-heddod marls. The bedding planc betwoen the two rock

Pucbla do Don Padrique rosd near km 07. Thicknoss 100 m. Early -
Late Masstrichtian.
Member

White-grey to grecnish yellow caloilutites altornating with strongly
.lm..,,......g s The helhlmg planos aro ossflat than in tho J4 mermber.

coloured cllewvmuﬁ, 'up o 1 metee thick, graded or fiely Iaminated, with
occasional solo markings. Theso calcarenites contain among others [nocera-
mus prisms, lime clasts, planktonic and larger benthonie Cretaccous Fora-
minifero. The latter are also reported from the Paleocene, whero they re
clearly reworked.

Within this member the Crotaceous — Tertiary boundary ocours (Fig. 2).
The mars dirctly bove the Crelacsoua  Teriary boundary exlilit &

e e e o Ptk 10 e et Moot
(A. mayaroensis Zone) and Early Paleocene (up to and including the
. trinidadensis Zone).

7 Member

Dark, olive-grey marls containing a ten motres thick interval of alter-
nating red to yellow marls und hard ealcilutites. This Couches Rouges-like
interval serves as a marker bed within the white and grey colours of the
Jorquera formation. A single, thin (10 cm) lense of finc-grained, grey
aenite was found, consisting for 70% of Microcodium fragments. Thickness
75 metres. Barly to Late Paloocene (G. trinidadensis Zono o Gl. velascoensis
Zone).

J8 Member
Olive-green marls alternating with graded and ofton laminated calcs-
# 3 > s b

lites and Alpeolina. Thickness 25 metres. Latest Paloocene (Gl. velascocnsis
Zone) to Early Eocene (G, rex Zone).

To fcilitato the description of the Cretaceous ~ Tertiary boundary beds,
the part of the J* member directly above and below the houndary has been
furthor subdivided into five beds; B.1 to B.5 (Fig. 2).
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B Bed

Light greon to whitish marls and rare, slightly harder calcilutites of the
same colour containing a foraminiferal fauna of the A, mayarocnsis Zong
bl mos sprplowcoasefc s than 9% of lsaale o
fora. Evidence for bioturbation is only rarely scen.

o than 25 metres in inted lower

part of the Jv member, where some thin-bedded laminated calcarenites
aro intercalated, consisting almost entirely of planktonic Foraminifora.

B2 Bl
“Tho same marls as B.1, con g oweve, abundaat blaak burows of
ho Kt

bt e i iy

B3 Bed
‘The complex, thin — bedded to laminated boundary bed, which separates
marls with a fau A. mayaroensis Zono from marls containing
fuunn of the “G". cugubina Zono. It is the interval ocoupied by this
od which, in my opinion, is Incking in all proviously described pelagic
sections across the Cretaceous.Tertiary boundary,
o this bed the sequence from bottom to top s as follows (Fig. 2):
B.1. 1 om green soft marl, not luminated, co poor A. may
roensis Zone assemblago; the insoluble residue (IR.) which in the
underlying interval has a mean value of 18% increases to 48%;
B2, 0.1-0.5 em rusty-red cluy with small gypsum aggrogates; too U
to sample without running the risk of contamination;
B33, 1 em black, thinly laminated clayey marl;
B34, 2 om dark green, faintly laminated, ductile clayey marl, with
several kinds of burrows, Iying with a transitional contact on
B.3.3; in B.3.3. and B34, tho fauna shows two clearly different.
types of preservation: a well preserved fraction, which is assumed
to be indigenous and a poorly preserved, often broken fraction,
which consists of ovidently redeposited Crotaceous globotruncanids
:md rugoglobigerinids;
B35 7 cm groen to dark green clayey marl alternating with laminae of
ey st day whih do ot contain anklonie Foramisitera
from somo large, probably reworked globotruncanids;
Sinis haghiate Yoramtntlers oo s Wil Vi of oy
much more numerous thun in 1.3.1. or B.3.6. in proportion to the
LR. content, however, their frequency remains moro or loss the
same; this interval is often slickensided and the planktonio
Foraminifera are crushed; also shumped yellow arenitic streaks
ovour, whicl consist almost entirely of badly prosorved rewarked
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the Tnsoluble Residue of B33 to B.3.5.

planktoni
varios from 52% t0 70%;

B.3.6. 7 cm trausition of the dark green marl of B.3.5. t0 the light green
marls of B.4.; the LR., decreases to 16%, which conoides with o
considerable increase in the amount of Epucmmnl of planktonic
Foraminifera; the top of this interval co o first, raro,
G eupubin Ttrbacher amd Dol v,

B4 Bl

Olive-grey to-green marls, containing a rich assemblage of very small

planktonio Foraminifera of the “G" eugubina Zone. The ratio between the

specimens of the various spocies varies; in the lower part of this bed

“Globigerina” cugubina, Globigerina fringa and related species dominate,

hers in the upper [un Chiloguentielina. spp., Guembelitria cretacen,
of

B Bed
Light grey-green marls and a single 15 om thick layer of white, hard
caleilutite, which contains small irregular echinoids with their spines
rved, and a solitary coral, Similar marls continue in the undifferenti-

‘upper part of member J?. Thickness 1.5 m.
G. preudobulloides/daubjorgensis Zono.
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NOTES ON PLANKTONIC FORAMINTFRRA
Tn the Cretaceous - Tertiary boundary layers of the Gredero section,
asbctbuges o ldabtoct oyl es v oot foutd 3ok ems:
it s ot e e el e ok i
recognized in various parts of tho Tethyan - tropical
Spun Dy, Tesiad, Puct Otomn) o A o Jone of the
test. Cretaocous, characterized by tho zonal marker Abathomphalus
moyaromst Ball, Tinilla e (Brbnpimacn) and. vory Irge lobo
truncanas like Globotruncana contusa (Cushman), Gt. conica White and
Gt stuarti (Do Lapparent) (B.1 and B.2), and the “G."" ougubina Zono of
the Lovermost Palcocene, characterized by extremely small ,globi-
gerinids” like “Globigerina” cupubina Luterbacher and Premoli Silva and
Globigerina fringa Subbotina.

In the present seotion a third, “intermediate” zone can be recognized
which is characterized by the absence of both true globotruncanids and
th small globigerinids of the “G.” engubina Zon
1t contains a “‘rsidual’” fauna of Cretaceous spe

Abathomphalus mayaroensis zone
Samples Sm 75-502, -501 and ~514 yield the following species: (Fig. 4)




ifora. from tho seotion of tho

Globotruncanelx subearinata (Betanimaon)
.
eretacen Cushiman

Hedbergela monmorthensis (Olsson)
Hedberpella sp.

Hetrobaix

Planoglobi

Plummerita hantkeninsides (Bronnionan)
seudoguembiina spp.

Paeudotexlaria spp.

Racemiguembina fructicosn
Rugoqlaigerina Trinnimann

202
Triniela soti (Beonnimanin)
cenomana Schaoko

Sehackoina maltispinata Cushman ond Wickendon
Vensilabrela sp.

Furthor, loss than 2% smaller benthonie Foraminifora and oven smaller
it fish-tecth and found,

The planktonic foraminiferal fauna ranges throughout member B.1,
B.2 and the last 10 m of the Crotaceous without any significant changes
in the number of species: up to the highest sample of the A, mayaroensis
Zone (S 75-501a) it remains steongly diversified with ovor forty species.

Intermediate sone

i the lower 0.6 o of B.1.1 he numbor of both spacieswad specinens
“intermediate”

disappear but

o R Rl mﬂnm«ly small forms modhensis
(Olsson), Archacoglobigerina blowi Pessagno and Guembelitria. crelacea,
Cushman, which already oceur in small quantities in tha A. mayaroensis
Zono suddenly become more numerous, also in relation to other species
tho sizo fraction of up to 160

T i o oty 18 roworked, but tho reltively small sizs,
the good preservation und tho rolutive incroase in numbers oppose thi
i, W6 s oousils o Shets Saiogs S e W sxtstion of
e i glboieosiacd uoa vl Unirs e Wppemeais (f b sk
i i G g i, e o G s i i i
B35 to B8 wer.deposted there sl lived wnkecod and. dwartod
spein  Ervacom i

Samples Sm 75-504 and ~505 takon in the beds B.3.3 and B34 yicld
(Fig. 4):

Archasoglobigering boei Pomsognn
Glbotruneana spp. (corroded)

Globigrinellides sp. of. meseinae (Bromaiomann) (pl. 2, Vig. 4

Busobigina . (oroded)

ki)

hystrichospheree

malr bt Foriilrs (s o 88 of e s
“soma Inninaa of B.3.5)

ostrncods (rare)

“Glabigerina’” eugubina Zone
T B.3.6 tho first rare and very small “globigerinids” of the “G.
v o ik (L PR 101 Ty e ety ol e




203
and as far s T could ascertain, they have no direct relationship with
spocies like Hedbergella monmouthensis (Olsson) or Archacoglobigerina blowi
o together with which they ocour. Such relationships have been
st appearance of “Globigerina” eugubina in sample SM 75-508
®. a»; ‘marks fhe lower boundary of the “G. eugubins Zoe.
plished by Luterbacher and Premoli
i (1964) in the central Appennines of Ttaly and later this Zone has been
recognied in several regions af the world (however, nowhere in boreal
rogions). So far acourrences have been desoribed from the Appennines, the
Soutern Alps (Luterbacher and Premoli Silva 1906), cast of the Caspian
a (Nevzorova 1971), Northern Spain (Von Hillebrandt 1965) and Joides
bbean (Leg 15, Bolli und Premoli Silva 1973), the Pacifio
Ocean (Leg 20, Krashenninnikov and Hoskins 1973) and the Blake
Plateau off the cast cost of Florida, (Leg 44, R. R. Schmidt, in press)
Questionable oceurrences fave-been found in Northern Africa (Blow, in
Fisher et al. 1971), the Pyrencos (Von Hillebrandt 1962) and in Alabama.
(Olsson 1970), In most of these regions the determination of “G1
eugubina is based on thin sections. Localities where detached, well-pre-

holes in the Ca

served specimens can be obtained are, as far as I know, the Joides logs 15
20 and 44 and the G

Since the eugubina Zone in the Gredero section is -+ 40 em thick
and sob disturbed by drilling operations, it should be one of the best land
based localitis o examine tho evalution of tho ewliost Tortiary globi-
gorinid faunas step by step. For this purpose it has been sampled con
tinnously ninary, roport anly the faunas from the
basal and uppermaost parts will be doscribed.

dero snction in disoussion

present, prol

Samples SM 75-500 and Sm,

321 (base “G." sugubina Zono) yield
‘Glaigerin” eugubina Lutorbachor and Promoli Silva

PLL1, Figs. 1,3, 0)
Globigerina fringa Subbotiaa (PL

il . mid pouss (Gotovan) (BL 3, ign. 1,

Chiloguembelina s
g monmodhensi (Olsoe)
Avehaesglobigerina biowi Possigno

lobotrrncanids, rugoglobigorinid

Guembelitria orstasea Cushaman

Sumple 8M 75-5

6 (top

* eugubina Zone) yields

Abasgloigerine bl Possagno (rars)
o opsmbains 1

fgerina” cugubina Listorbachor and Promoli Silva
Clobiguing ringe Sabbotion
Glbigerin of. edita Subbotina

3. BMIT: Discovery of a planktonic. foroms ’
holue magaroiari ons o the “Ulcbizerina” & e
TeieryBoundery e Baranedl s (0

w the Abathon.

seSpain) A preliminary
repor
PLATE 1




204

PLATE 2 b ap s and o)

il i or:
Guembairia ereacas Corh
Fdberglla monmouihensi (Olson) (o)
Woniringina hrnrsounansi (tmon) ()

All samples from the “G." cugubina Zone contain 7-16% smaller
benthonic Foraminifera, some ostracods, hystrichospheres and fish remains.
In contrast with the overlying, 22 motros thick G. peadobulloides/
danibjergensis Zone, tho evalution of the planktonic Forams
6. engubins Zone i . Tt should ove be possibl o d

siratigraphic e e Nt T o o et
of the e Toms “Gbigesc ubins w03 Citipwins finge
Qominate, whereas i the upper pert chiloguembelinids and Guenbeliria
5. fom 80% of th favma, Woohinging horomeownesie Olisan appoess
in the upper part of the Zone.

Tho spevies themselves also show rapid changes; the dime
“Globigerina” eugubina incsonso anly slightly, the number of chambers
in-the last whorl, however, increses from 41-6 o 64-8, even 10 (in raro
casos) and the chambers beconne more rounded, with desper depressed

jons of

sutures,

The wperture in sample SM 75-50 is in most specimens a narrow rimloss
opaning and shows » tendency to bocomo  vory long, dli-like opening
in samples 45 and ~546 where it evon roaches over the face of the
Taek chambor to the periphery (Plte 1, Fg. 3. Also worth noticing is the
variation in shape of the aperture, which i probably even mare pronounced
than in other Palcocene globigerinids (Plate 1, Figs. 1-5). The spacies
“Globigerina” anconitana, “Globigerina” wmbrica wnd “Globigerina’” sabina
distinguished by Luterbachor and Premoli Silva (1964) aro believed to fall
within the variation of “Globigerine’” cugubina us dofined wbove. Globigerin
fringa Subbotina (Plate 2, Figa. 8-9) shows  fine hispid wall structure with
pores in and betwoen the tubercles, whereas the tests of “Globigerina
eugubing aro invariably smooth, withont any pores, tubercls or spines
Jomparison of Scanning Elcotron Micrographs of specimens of “Globi.
gerina” eugubina from Joides lgs 15 (Bolli and Premoli Silvs, (1973) and

PLATE 1

{Bar=0.03 ) A e Su

o LUTERBACHER aud PREMOLI SILVA
g . tho varition in form

i aver th periphery. Figa, 1-8

s tingn SUBBOTINAS g, 8 Vbl viow, 5 755
it view, B o508
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o, 1073 and byt cotbor

in the Appennines (the locality of Cossliz of. Luterbacher and Pro
v, 106, aswell s spocimens from th Bako Flatos (Log 44, Semt
in press) put at my disposal by R. R. Schmidt, reveal that the wals of the
specimens from all these localities are complotely racrystallized, wherexs
e suuaiying fhass o Gibgerina riaga e U el
crystallized, or show no recrystallization at all; this may
et of“Globigrina” ugubing s hom St

of Glabigerina peeudcbulloides Phummer i the fsuna of

nplo S 1654, » ol ric 0. e ums, marks the lowee
undary of the . pseudobuloides/daubjergensis Zono.

i Smpon sepioly it th b S o o thia Gone, b o

guembelinids and Guembelitra spp. il form the greater part of the fauns,

for a ehile,

Globigerina poeudsbulloides Plozmmer
Globigerina trioculinoides Plummar (o)
Glbigring iranaans S
Gigrina e o

Globigerina taurion M
bigaing arionda Bubboina

Specimens of Globigerina psendobulloides are at first small and smooth,
e sl S 10-508 g i sl i U0 B e 2
tho fauns and show tho typical reticulate wall struoture. Noteworthy
st Globigwine bloinoies Pl o than Globigerina

poeudobulloides, in sumple Sm 75-552; initially it is very small and then
Eobatly synonymou with Glabigerina minutuls Lutorbodher and Premol

Possible l-'maat relationships across the Cretacoous Tertiary boundary
ly in samples of the lowermost part of the “G."” eugubina Zone a
Pird ‘planktonic foraminiforal fauna exists, with probably up to

PLATE 2
(Bar=05 i) Al s St Blieon Mirogpha. Figurs 13 e

P —
Archacoglobigerina. b PESSAGNO, Us view, 0 e 0 G
elitria oretaces CUSIMAN, Obliquo viow, SM 75-501.
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but several specics survived the terminal Cretaccous event, evolving into
diffens groupe n the Torary:

In Fig. 6 an attempt has boen mado to cstablish lineages across the
Cretaceous Tertiary boundary, mainly based on tho Gredero fuunss. In
my opinion thero aro anguments for at least four lineages:

Crotacoous Tortiary
1) Hutroheti rou, Chiloguembeina group
2) Guembaliria crtacoa Guembaltria Globoconsa group
5) Arclacogiobigerina oot -
) (2) small Crotaseons taxon, “Globigerina’” cugubina group

Bvidence for possible descendants from the Globoiruncana group has
ot been found.

“The chiloguembelinids in the base of the “G." cugubinn Zone (Plato 2,
Fi. 1) s ot ofthe hamber, which maksstho vy simiae
o some el of the Ite Crstacsos. They o st wu o be
nlated to the i

e e
Y ———
S R, .
< P

e

cumeiters cestacen

N\ lsbigecioe cringa

\_| ciobiserina sstta

“Giobigerina® somibins

Ern e ——

Fig. 5. Supposs lineagos betweon Crotaccous and Tortary taxa from the section
o the Barranco del Gredaro,
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in the G eugubina Zone transitional forms have been found: to Guem-
belitria irregularis Morozova when the triserial wrrangement becomes
irsegular; to Woodringina hornersounensis Olsson when the length of the
spire increases and the last chambers show a tendency to bocomo biserial;

and Guembeliria show o typical hispid wall-structure, The first spocimens
of Globoconusa daubjergensis, however, have been found much later in the
etion, o e poniltht the devlpment of Gobiomu ok p
elsewhere, prosumably in boreal regions, since Glohocor jergensis
e cbumiat thas s riv 1 Telhyae. egions, s hat bl g
returned to equatorial waters later.

Moo problematic is tho predecessor of “Globigerina” eugubina; it does
ot elearly resemblo any known Late Cretaccous specics. However, among
the many juvenilo forms of Globatruncana, Rugoglobigeri oo
truncanella some rare forms ovour which are cugubina-like, extromely
small, but unfortunately not very well proserved. “Globigerina” cugubing
probably develops into.the Globigerina cobulloides (essentially a smooth-
YAUAS puioScaln Mpiad Sl i

thensis (Olsson), Archacoglobigerina bowi Pessagno

(P, 2, Fig. . become more

i the intermediate 7one (B.3) and even porsist into the base
gubins Zone, A thes specie havo o rathor bisid wall
wmay bo remotely rlated to the Globigerina jringa-cdsia
rowp Tt hispid wall and low trochospiral shape, although
the diffrences betwen these foms are considerabo. Gldierina frings

botina i insize in the top of the “G.”
gradually into Globigerina edita Subbotina.

PINAL BEMARKS
All samples from the section (Sm 75-501 to SM 75-656), some 30 from
tho A, mayaroeniaZons, 10 o theitactomdinie Zone s 0 rom the
“G." cugubina to the G pusilla Zone, were treated with hydrochloric
wid (10%) i 4  She haniid frciube sndne dee wod:weghed. The
all of organic origin (F
ceulfiar. the Tachebl, ot st i oxchmivly f dayey
mateil, “The amount of hystrichospheres and other organic shell can be
1%)

unds  the rocks

Pl oot e i o

oy Tower bl il coteat, bvo ok boen inclded
ost 5

cent insoluble
ldue el (o shn ararage SOK). wharns th ksoiinnl B.31

o quantities.
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IF it s assumed that:

1) the insoluble residue consists of hemipelagic material;

2) the supply of hemipelagic clay was more or less constant within the
time interval covered by the section in discussion (ineluding the time
in which the boundary layers were deposited) and

) 1o hiatus of importance occurs within the interval concerned;

then it would be possible to caleulate the length of time necessary for the

doposition of the B.3 interval, ospocially B.3.2 to B.3.5. The thicknoss of

tho Maastrichtian to Middle Paleocene deposits is about 210 metres,
deposited in approximately 12 million years (Worsley 1975). The mean
scdimentation rate is thus 175 cms/1,000 years, The rate of deposition

o he henipelaga bl e 4 WA of i S .37 mnf. 000 o

The thickness of the interval B.32-B.35 is + 10 cms. The insolubla

material contrbutes § cm 1 t

o ot sy Wap e depositer
h bad e

A. mayarocnsis Zone

o appearance of the “G." eugubina Zone fuuns. Worsley
(1975) !uggenled that the worldwide carbonate deficiency which marks the
Cretaccous.Tertiary boundary event (Bolli and Premoli Silva 1973) snd

arrived at a figure of 2 million years for the duration of this crisis in the
Braggs section in Alabama (Woney 1075, Worsey's calolation aria

s figure is not any-

timate ean be mado for th
rapidity of tho terminal Crotacoous oxtinctions; in bed B.3.1 the globo-
truncanid fauna disappears in 0.5 om, o within - 1,000 years. Tn the

5 m of sediment no indications for these mass extinetions were
found; the faunas romain rickly diversificd and not even a slight incrcase
of the quantity of insolublo residue was found.

Some sources of error may influence our figures:
- the assumed constant rate of supply of hemipelagic material is specu-
lativo; however, the insoluble residue content throughout, the whole
section (except B.) does not vary much, and it s very difficult. to
 sudden world-wide cvent simultaneously causing a carbonate

material;
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= bk dothn s th Hoilngt ralail wie deposiod i
momner assumed; other modes of supply (o.s. turbidite tails) are not
lmpoulb)n Roworar, il o fhe Lo d Ble, bash by havlpic

g currents may have left some traces like lamination, size-sorting
of the planktonic Foraminifers, or other sedimentological featurea of
Which as yet no evidence has been found

~ there is of course no certaiaty that there is no hiatus within or at the
‘boundaries of the B.3 interval, there are, however, no indications for
existence of such a hiatus; tho boundary is exposed over  distance
of 03 ki and al the bds descrbe, even the oo B33 83,0 s
division, can be recognized in the exposed sequences. Furthormore all
suconsive laakionic raminiferal and_nannofossl Zones
(Romein 1077
it o grdal taniions re ymunt and exooptionally thick fn the
Grodero secti

Finally, thero is absolutely no indication for any facies changes between

the sequences below and above the bount
Summarizing, it should bo admitted that th data at hand are not
ive, but they suggest an extremely rapid oxtinction of the Globo-

rncute Bupolobiris fxa b e e LOW yia o g may b

in doens of years, and a shorter duration for the prosumed carbanate

crsis following after the extinetions than assumed by Worsley (1975).
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