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Abstract

The Barranco del Gredero section is one of the most complete, expanded and well exposed Cretaceous Tertiary (K/T) boundary
sections in the world. Therefore, the Gredero section has played a key role in the development and testing of the impact extinction
hypothesis, and has a significant number of “first discoveries “ to its name: The first discovered intact ejecta layer, microkrystites
with K-spar pseudomorphs after clinopyroxene and Cr-rich spinels, abundant soot, carbonaceous chondritic 33Cr/52Cr ratios in the
ejecta layer, the foraminiferal PO Zone in the boundary clay, and the adaptive radiation of planktic foraminifers. Also, stable isotope,
trace element analysis and the magneto- and cyclo stratigraphy, and the history of burrowing adds to the importance of the Gredero
section. Recently urban and road-building development has threatened the excellent exposures, and the lower 100 meters of the up-
per Maastrichtian are already not longer accessible. The status of geological monument of the Region of Murcia would guarantee
that the section will remain accessible for scientific investigation in the future.

Keywords: Caravaca, Spain, K/T boundary, extinction, impact.

Resumen

La seccion del Barranco del Gredero es una de las secciones del limite Cretacico/Terciario (K/T) mas completas, expandi-
das y bien expuestas en el mundo. Por tanto, la seccion del Gredero ha jugado un papel clave en el desarrollo y la comprobacion de la
hipotesis de extincion por impacto, y tiene asociados a su nombre un niimero considerable de ‘primeros descubrimientos’: el primer
lecho con ejecta intacto, con microkrystitas con seudomorfos en sanidina de clinopiroxeno y espinelas ricas en Cr, con abundante
hollin, con proporciones de 353Cr/52Cr como los condritos carbonéceos en el nivel de ejecta, con la Zona PO de los foraminiferos
plancténicos en la arcilla del limite, y con el registro de la radiacion adaptativa de los foraminiferos planctonicos. También aumentan
la importancia de la seccion del Gredero, el analisis de isotopos estables y de elementos traza, la magneto- y cicloestratigrafia, asi
como la historia de la bioturbacion. El desarrollo reciente urbano y de carreteras ha puesto en peligro los excelentes afloramientos,
de hecho los 100 m inferiores del Maastrichtiense superior no son ya accesibles. El estatus de monumento geoldgico de la Region
de Murcia garantizaria que la seccion permaneciera accesible a los investigadores en el futuro.

Palabras clave: Caravaca, Espafia, limite K/T, extincion, impacto.
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1. Introduction

The Barranco del Gredero section has attracted scien-
tists since the 1950s (Fallot et al., 1958; Paquet, 1961;
Veen, 1969 and Hillebrandt, 1974) because of its excep-
tional thickness, completeness and richness of well-pre-
served foraminifers (Figs. 1, 2).

The section remains among the five most complete
K/T sections, and is still the subject of detailed investi-
gations, e.g. (Stoll and Schrag, 2000; Diaz et al., 2002;
Martinez et al., 1997). The well-bedded Gredero section,
displaying Milankovitch-style rhythmic bedding (Kate
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and Sprenger, 1993), is part of the Loma de Solana tec-
tonic unit. This unit is an almost undeformed, only gently
folded block, bounded by thrust faults that are smeared
and marked by Triassic gypsum. The Loma de Solana
unit is usually placed in the allochtonous Subbetic zone,
but the striking lithological similarities with the Agost,
Relleu and Finestrat sections up to 150 km farther east,
demonstrate that the Loma de Solana unit is rather part
of the par-authochtonous Prebetic zone, deposited on the
southern margin of the Iberian continent. The entire sec-
tion in the Solana unit is continuous from the late Albian
to the Eocene, and is more than 800m thick. It is entirely
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Fig. 1.- Map of Europe, with the locations of the K/T sections mentioned in the text (after Smit, 1982). The thickness of the boundary clay (P0) is

indicated (black interval)

Fig. 1.- Mapa de Europa con la situacion de las secciones del limite K/T mencionadas en el texto (segiin Smit, 1982). La potencia de las arcillas

del limite (P0) est4 indicada por el intervalo negro.
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Fig. 2.- Map traced from enlarged aerial photographs of the Barranco del Gredero. Thick black line indicates outcrops of the K/T boundary.
Fig. 2.- Mapa trazado sobre una fotografia aérea ampliada del Barranco del Gredero. La linea negra gruesa indica los afloramientos del limite K/T.

developed in a hemipelagic deep-water facies, character-
ized by high sedimentation rates (1.5cm/kyr) compared
to open-ocean pelagic sequences. Turbidite-fan develop-
ment is absent, isolated turbidites are only developed
in limited intervals, mainly in the Jorquera Formation.
(Figs. 3, 4)

The Jorquera Formation ranges in age from Early Maas-
trichtian to Early Eocene, is over 225m thick (Fig. 3; after
van Veen, 1969) and developed in a bathyal, hemipelagic
facies. In comparison, the same interval in the famous
Gubbio section in Italy is only 10.5m thick. Analyses of
meso-pelagic fish-teeth (Pat Doyle pers. comm.) suggest
a depth of deposition of more than 1000m near the K/T
boundary. Van Veen, (1969, p. 116) was one of the first
to recognize that the K/T boundary interval was uniquely
well exposed in the Barranco del Gredero.

Several sample sets have been collected from the Bar-
ranco del Gredero. The 1975 sample set of 150 samples
was taken from the topmost 9m of the Maastrichtian and
the basal 70m of the Paleocene. In 1979 the sample set
was further extended to include the top 100m of the Up-
per Maastrichtian, up to just below the FAD of Abathom-

phalus mayaroensis. This paper presents a synopsis of the
major works that have been accomplished on the Gredero
section, and their significance to the K/T boundary de-
bate.

2. Paleomagnetism

The initial paleomagnetic analysis of the Gredero sec-
tion was performed by G. Brunsmann (Univ Amsterdam)
(Smit, 1982) (Fig. 4). The magnetostratigraphy of the up-
permost 100m of the Maastrichtian and the basal 70m of
the Paleocene showed magnetochrons C31 to C27, that
correlate well with the magnetostratigraphy of the clas-
sic section at Bottaccione, Gubbio, (Alvarez and Lowrie,
1977) and the Agost section 100km farther east (Groot
et al., 1989). These paleomagnetic data were useful to
calculate sedimentation rates for the Gredero section and
established the chronostratigraphy of the K/T boundary
events, using the reversal ages provided by Cande and
Kent (1992). Assuming that the clay flux remained con-
stant over the latest Maastrichtian and earliest Paleocene
interval, the duration of the PO Zone is here estimated at
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Fig. 3.- Lithological column of the entire Loma de Solana section
(after van Veen, 1969). Bars on the left are 50m._

Fig. 3.- Columna litologica de la seccion completa de la Loma de So-
lana (segun van Veen, 1969). La barra a la izquierda son 50m.

about 11 ky, and the P. eugubina Zone at 23 Ky. Those
ages differ from the ages given by Olsson et al. (1999),
but the definition of the Pa. Zone of Olsson ef al. (1999)
differs from the definition of the P. eugubina Zone pre-
ferred here. The top of Pa sensu Olsson et al. (1999) is
at the LAD of P. eugubina , in the Gredero section 1.5m
above K/T boundary, where we use the FAD of P. pseu-
dobulloides at 60 cm as the top of the P. eugubina Zone.

3. Biostratigraphy
Two masters students of C. Hermes (University of Am-

sterdam, 1974, unpublished report), first measured the
Gredero section in detail. Von Hillebrandt (1974) provid-

ed a planktic foraminiferal zonation of the Paleocene, and
Abtahi (1975) recognized the presence of the Parvularu-
goglobigerina eugubina Zone, but analysed only three
samples from the K/T interval. Hermes (pers. comm)
and Abtahi (1975) mentioned a 10 cm clay-interval at the
K/T boundary, but paid no further attention. Smit (1977)
analysed the K/T interval in detail (Fig. 5): the K/T tran-
sitional interval, including the boundary clay (BCL) was
sampled every cm. In 1977, (Smit (1977) found the 3 mm
thick red lamina (sample sm 75-503), that most people
now agree is the ejecta layer of the Chicxulub impact.
Smit (1977, 1982) discovered a new biozone between the
top of the Maastrichtian and the base of the G. eugubina
Zone; the Guembelitria cretacea or the PO Zone (Fig.
5). The type locality of PO is therefore in the Gredero
section, and the zone has now been widely recognized
(Berggren et al., 1995).

4. Planktonic foraminifers

The Gredero section played a critical role in the de-
velopment of the biostratigraphic zonation of the K/T
boundary interval because the hemipelagic marls and
limestone of the sequence are relatively easy to disag-
gregate in HyO», and to wash over a 40-micron nylon
screen. The specimens are well preserved, although the
chambers are invariably filled with secondary calcite.

A detailed pattern of extinction and radiation of the
planktic foraminifers across the K/T boundary was first
unravelled at Caravaca (Abtahi, 1975; Smit, 1977, 1982):
This pattern reflects a five-stage (1 - 5) development
(Smit and Romein, 1985).

4.1. Stage 1): Upper Maastrichtian.

Planktic foraminiferal faunas towards the close of the
Cretaceous period are species-rich, tropical, and special-
ized. Specimens of Globotrucana stuarti and G. contusa
reach sizes of just over one millimeter, a size that has
not been reached again in planktonic foraminifera until
the Pliocene. The topmost zone of the Maastrichtian, the
Abathomphalus mayaroensis Zone, is about 100m thick
in the Gredero section and has an unusually long duration
of at least 3.25 million years (Berggren ef al., 1995). (Fig.
6). Remarkably few changes occur in the composition of
the planktic assemblages within that interval. Given that
specialized foraminiferal faunas are sensitive indicators
of paleoceanographic changes, such as temperature,
salinity, water-mass and thermocline depth changes,the
stability of the the A. mayaroensis Zone implies, there-
fore, unusually stable paleo-oceanographic conditions
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during the entire late Maastrichtian. Therefore, the A.
mayaroensis Zone was not further subdivided for a long
time. It is worth noting, however, the disappearance of G.
gansseri, and the first occurrence of a few new species
(H. hariaensis and P. hantkeninoides) in the upper part
of the zone. The latter data have been used to subdivide
the A mayaroensis Zone into four subzones (Pardo et al.,
1996). Nonetheless, in the present study all species range
up to the ejecta layer (sample sm75-503), or to the high-
est level of the Maastrichtian. Therefore, the presumed
decline e.g. (Pardo et al., 1996) in species abundance
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Fig. 4.- Lithological column of the Jorquera Formation in the Gredero
section, from 95m below to 85m above the K/T boundary. The mag-
netostratigraphy is from G. Brunsmann (after Smit, 1982). Impor-
tant planktic foraminifers FADs and LADs are indicated. (~ = marl,
-- = clay; stippled = sandstone; brick = limestone).

Fig. 4.- Columna litologica de la Fm. Jorquera en la seccion del Gre-
dero, desde los 95m bajo el limite K/T hasta los 85m por encima.
La magnetoestratigrafia es de G. Brunsmann (segiin Smit, 1982).
Se indican las FADs y LADs importantes de foraminiferos plancto-
nicos. (~ = margas; -- = arcillas; punteado = areniscas; enladrillado
= calizas).

just prior to the ejecta layer is here considered an artifact.
This assertion is based on the fact that the top 10cm of
the Maastrichtian is usually partially dissolved, and only
a thorough search yields the rare “missing” species.

4.2. Stage 2): Mass-extinction.

The specimen abundance drops by more than one or-
der of magnitude exactly at the ejecta layer, enriched in
iridium and microkrystites. The ejecta layer itself is free
of planktic specimens, as expected, and most species dis-
appear at this level, possibly with the exception of a few
non-specialized species found in stage 3 (see below).

4.3. Stage 3): “Strangelove ocean” conditions.

A thin, 8 cm-thick, clay layer directly overlies the
ejecta layer. This clay layer has also been recognized
elsewhere, but it is often much thinner (<1cm). The thick-
ness appears to be related to local sedimentation rates, in
particular the accumulation rate of clay. This clay layer
contains a poor remnant of A. mayaroensis Zone faunas,
non-specialized species such as Guembelitria cretacea,
Hedbergella holmdelensis, H. monmouthensis, Globi-
gerinelloides messinae and possibly Heterohelix globu-
losa. Only Guembelitria cretacea occurs in considerable
numbers, and might be the only true survivor.

The clay layer can, therefore, be equated to the G. cre-
tacea, or PO Zone (Smit, 1977) and the question of survi-
vorship is rhetorical. Indeed, the argument of a different
stable isotopic signature for species present at either side
of the K/T boundary (Barrera and Keller, 1990) has been
effectively rejected (Kaiho and Lamolda, 1999)

4.4. Stage 4): Initial recovery.

The transition from the clay to foraminifer-rich marls is
not preserved in the Gredero section because of shearing
related to tectonism. However, in the almost identical un-
disturbed Agost section that transition is rapid, but grad-
ual over about one cm. The first sample directly above
the clay contains already an abundant fauna, that consists
of at least five new, small species. By comparison, in the
more expanded El Kef section, in Tunisia, these species
appear in sequence: First Globigerina minutula, shortly
thereafter followed by P. fringa and P. eugubina. It is
likely that the initial evolution and radiation of these
species took place elsewhere, and that they subsequently
migrated into the Gredero region. The question of the an-
cestry to the Tertiary planktic foraminifers needs to be ad-
dressed, as several scenarios exist. Smit (1982) suggested



184 Smit / Journal of Iberian Geology 31 (2004) 179-191

Sampie
= M Sm 75
& = e
|y — o
2 o =09
<ol
2o
gal- -
8 f=——==<
L7 —_—

L gaoa
= :—_—__:’—_’§
= =
S - - B

S 807
H il — —
wl e ff — o

g —

8°F _

¥l -"-
g4

|
én'__—____ =05
I—m i —_
ST

304
503

F:u— — — | soe
— ooo

f 02,813
-
i |=_
201 A
2
@ w/
2| %
wi @
:
> -
HE Bs g
~ | 8
L‘-—\/\\/

Fig. 5.- Detailed lithological column of the K/T interval (after Smit,
1977). Bar on the left is Scm.

Fig. 5.- Columna litologica detallada del intervalo K/T (segiin Smit,
1977). La barra a la izquierda corresponde a S5cm.

that the clear survivor species G. cretacea is the only an-
cestral species to modern planktic faunas. On the other
hand, Liu and Olsson (1992) indicated that three species
(G. cretacea, H. holmdelensis and H. monmouthensis) are
the ancestral forms to the early Paleocene stock. These
taxa soon diversified to cancellate-spinose and non-spi-
nose premuricate lineages. However, the wall-structure
between these species and earliest Paleocene cancellate
species differs considerably, thus such a change would
have required some morphological jumps that have not
yet been observed among the planktic faunas of the latest
Maastrichtian or the earliest Paleocene.

4.5. Stage 5): Adaptive radiation.

The short G. eugubina Zone not only shows a rapid
(within one cm) appearance of new species, but these

species are also successively dominant (Smit, 1982) (Fig.
7). These acmes appear to be different in different loca-
tions (cf. Shatsky rise, Pacific ocean, Gerstel ef al., 1986),
and probably show the effects of local environments and
adaptive radiations of the newly developing planktic fau-
nas. The upper part of the G. eugubina Zone includes a
40cm thick limestone bed that occurs about 0.5 m above
the K/T boundary. This bed is characterized by an abun-
dance of calcareous dinoflagellates, Thoracosphaera
operculata, and can be traced over hundreds of kilome-
ters in SE Spain (Finestrat). Such a bloom of Thoraco-
sphaera as well as Braarudosphaera occurs in the basal
Paleocene (Romein, 1977) (Fig. 7), and these species
were therefore considered survivor species. These acmes
further testify to unstable paleo-oceanographic condi-
tions at the onset of the Paleocene, and are an important
argument in support of a sudden, catastrophic, extinction
event at the K/T boundary, as such radiations presumably
take place only in a vacant, largely empty, ecospace.

Later studies (Canudo et al., 1991; Arenillas and Mo-
lina, 1997; Kaiho and Lamolda, 1999) confirmed this
extinction-radiation pattern, and differ only in minor
details. A cursory review of the recent literature, reveals
that the basalmost Paleocene may contain over 23 spe-
cies. In the authors opinion, the uncertainty in the number
of species is certainly due to oversplitting, in particular in
the genera Eoglobigerina and Parvularugoglobigerina.

The extremely short extinction interval <0.5 cm), is

compatible with a catastrophic extinction because very
few changes occurred in planktic foraminiferal assem-
blages in the preceding 100 m thick interval . The only
extinction recorded is G. gansseri which disappeared
about 10 m below the K/T boundary (Fig. 7). The strong
adaptive radiation of foraminifers within the first 50
cm above the boundary clay, further strengthens the
catastrophic postulate, which is also corroborated by the
iridium anomaly, the geochemical signature of a large
impact event.

5. Benthic foraminifers

Benthic foraminiferal assemblages were studied in the
Gredero section by Coccioni and Galeotti (1994) who
demonstrated a sudden collapse of benthic ecosystems
directly above the K/T boundary, with only a few taxa
blooming under low-oxygen conditions. Many benthic
taxa have temporarily migrated elsewhere (Smit, 1982),
because the majority returned within the P. eugubina
Zone (between 10 and 35 kyr) to the Gredero seafloor
when oxygenation improved.
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6. Trace element and isotopic analysis

A subset of one hundred samples was analysed from
the top of the Maastrichtian and the base of the Paleocene
by instrumental neutron activation (INAA) in 1977, at
Delft Technical University. The results (Table 1, Fig 8)
show a strongly anomalous content of Cr, Co, Ni, As, Sb,
Zn in the ejecta layer (sample Sm75-503), which is 15-
250 times enriched relative to background values (Smit,
1979). The iridium anomaly was not initially discovered
in this series of INAA analyses. However, elements such
as Ni already pointed to an extraterrestrial origin for the
geochemical anomaly, because nickel is often associated
with Ni-iron meteorites, and Ni concentrations of 1990
ppm are rare anywhere on earth. Although the high Ni
and Cr concentrations were a firm indication of a substan-
tial extraterrestrial contribution in sample 75-503, these are
not unequivocally extraterrestrial, since terrestrial sources
for these elements are available in many places on earth.

185

Around the same time, Alvarez et al. (1979) published
the discovery of anomalous iridium concentrations in
the Bottaccione section, Italy. They used a similar, but
more sensitive radiochemical neutron activation analy-
sis (RNAA) method. Jan Hertogen of Gent University
also used RNAA in 1979 to demonstrate the presence
of anomalous Ir in the Gredero section, particularly in
sample 75-503 (Smit and Hertogen, 1980). The magnetic
residues of sample 75-503, consist primarily of chromite
and magnesioferrite, which are highly enriched in Ir, Ni
and Cr (Table 1, cf. Fig. 8). This demonstrates a common
source for these siderophile elements.

Another important discovery made at the Gredero
section, 1s the chondritic abundance ratios of all the
platinum group elements (PGE) (Kyte et al., 1985). Such
ratios meant that the source of the PGEs must have been
unfractionated, strongly indicating that the Ir anomaly
was not from a terrestrial (e.g. a volcanic) source, as sug-
gested by some.
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Fig. 6.- Chronostratigraphy of the K/T interval (after Berggren ef al., 1995).
Fig. 6.- Cronoestratigrafia del intervalo K/T (segin Berggren et al., 1995).
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Fig. 7.- Acmes of planktic foraminifers and nannofossils in the basal part of the Paleocene of the Gredero section (after Smit, 1982 and Romein,

1977). Note that the Maastrichtian and Paleocene have a different scale.

Fig. 7.- Acmés de los foraminiferos planctonicos y nanofosiles en la parte basal del Paleoceno de la seccion del Barranco del Gredero (segun Smit,
1982 y Romein, 1977). El Maastrichtiense y el Paleoceno estan representados a diferentes escalas.

Furthermore, Shukolyukov and Lugmair (1998) dem-
onstrated anomalous 33Cr/52Cr isotope ratios in sample
75-503. These 33Cr/52Cr isotope ratios are an important
clue to the composition of the impacting bolide, because
asteroids, comets and Mars all have different 53¢cr/52¢r
-isotope ratios and those are all different from the terres-
trial ratios. Global data compilations of K/T sites where
both Cr and Ir were measured, show that the concentra-
tion profiles of both elements are almost identical, invari-

ably with the highest peaks in the ejecta layer (Fig. 8).
Sm75-503 holds the K/T boundary ‘record’ in terms of
Cr concentration. The conclusion, therefore, is that the
source of the iridium is also the source for the excess Cr.
The earth’s >Cr/"Cr ratio is everywhere the same, for
the mantle and crust (epsilon 3Cr of the earth is therefore
by definition set at zero). Ordinary chondrites, achon-
drites, and martian meteorites have a positive epsilon ¥*Cr,
carbonaceous chondrites a negative epsilon *Cr.
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Fig. 8.- Concentration profiles of the siderophile elements Cr, Ni and
Ir (INAA see text) in the Gredero section. Anomalous values of all
three elements in the same (K/T boundary) level indicate a com-
mon source.

Fig. 8.- Variaciones en la concentracion de los elementos siderofilos
Cr, Ni e Ir (INAA, ver texto) en la seccion del Barranco del Grede-
ro. Las anomalias de los tres elementos en el mismo nivel (limite
K/T) indican una fuente comun.

The ejecta layer (sample75-503) yielded a strong nega-
tive epsilon **Cr ratio, identical to carbonaceous chon-
drites and unlike ordinary chondrites and asteroids which
have a positive epsilon **Cr. This discovery effectively
excludes a terrestrial origin of both Cr and Ir at the K/T
boundary.

In contrast to the reliability of the Cr ratios, Os isotope
ratios are more susceptible to misinterpretations because
Os isotope ratios between the earth’s mantle and meteorites
are practically indistinguishable (187Os/ %0 =1), whereas
this ratio is 10 for the crust (Luck and Turekian, 1983).

7. Microkrystites

The Gredero section remained a key player in the in-
vestigations that followed the launch of the impact-ex-
tinction theory after the finding of the iridium anomaly.

Smit and Klaver (1981) discovered tiny (50-500um)
spherules, initially thought to be composed of “sanidine”,
in sm75-503. The ‘sanidine’ spherules were first inter-
preted as altered microtektites, but, later became known
as microkrystites, which are now best explained as con-
densation droplets from the hot impact vapour cloud.

Smit (1977) initially regarded the spherules as “gyp-
sum nodules”, because gypsum is abundant in these
pelagic sediments. Gypsum, unfortunately, has the same
index of refraction as sanidine, so their importance went
unnoticed for several years. Gerard Klaver (NITG/TNO)
recognized a quench crystalline texture within the ‘sani-
dine’ spherules, because he had observed similar textures
in the chilled crust of basaltic pillow-lavas on the island
of Bonaire (Klaver, 1987). Nonetheless, the occurrence
of sanidine presented a problem: K-spar is characteristic
of K-rich, very viscous igneous rocks, not the ideal envi-
ronment for producing quench crystals. Studies at Furlo
and Petriccio (Italy) identified identical ‘sanidine’ spher-
ules in the Ir-rich layer. At these localities the spherules
were associated with dark, clay-rich spherules full of
quench crystals of magnesioferrite spinel, and enriched
in iridium opposite the Ir concentration of the K/T bound-
ary clay itself (33 and 2 ppb, respectively). The spherules
were much more mafic, in composition consistent with
the quench crystallinity, but hard to reconcile with K-
spar spherules, assuming that both came from the same
source. The Cr-rich magnesioferrite and chromite quench
crystals also occur in great abundance in 75-503 (Fig. 9),
but are seemingly floating in the clay matrix, as if they
were formed directly by condensation. Close inspection
of sample 75-503, however, shows that the spinels occur
only in flat, round clusters, of the same size as the Furlo

Fig. 9.- SEM graph of skeletal Ni-Cr-rich spinels from sample 75-503,
Gredero section.

Fig. 9.- Fotomicrografia SEM de espinelas ricas en Ni-Cr de la mues-
tra 75-503, seccion del Gredero.
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Ca 318353 <100 <100 25000 126440 323567
Sc 5.80 9.46 9.06 10.65 9.4 10.9 12.94 5.20
Cr 58.0 801.0 769.0 2348 740 640 162.8 68.4
Fe 14096 52200 50700 251400 188900 38900 34860 12708
Co 9.08 537 471 1840 920 138 33.56 5.17
Ni 9.14 1990 1930 8600 9786 690 133.4 45.27
As 1.24 456 431 2288 795.2 190 5.166 1.14
Br 0.48 2.23 43 34 1.2 2.482 1.37
Rb 32.53 33 61.9 20.93
Sr 797.17 800 597.25 691.40
Sb 0.24 13.7 12.4 51.64 19.56 49 0.8054 0.22
Cs 2.24 1 3.806 1.42
Ba 223 51 144 211
La 17.37 3.78 3.65 8.71 8.02 9.8 34.26 20.20
Ce 33.88 9.19 8.46 20.42 17.74 17 67.38 32.40
Sm 2.959 0.735 0.662 2.172 2.28 1.35 7.508 3.65
Eu 0.623 0.204 0.184 0.61 0.755 0.37 0.997 0.64
Tb 0.257 0.2 0.854 0.40
Yb 1.054 0.481 0.557 2.24 0.62 0.6 1.560 1.236
Lu 0.089 0.1 0.233 0.17
Hf 1.32 4.66 4.54 4.84 421 35 3.256 1.10
Ta 0.18 1.6 0.95175 0.44
Ir <0.2 24.4 26.3 121.3 63.0 34.0 8.5 <0.2
Th 3.73 8.59 8.29 16.62 23.72 7.5 8.536 3.20
U 1.01 11.7 11.1 15.14 12.55 6.5 1.702 1.08
CaCO, 72.53 2 2 41 28.48 74.70

Table 1.- Instrumental Neutron Activation Analysis of the K/T interval of the Gredero section. Values in ppm (ng/g), except for Ir and Au in ppb
(ng/g). Analyses performed at IRI, Delft University, and Actlabs, Toronto (column ‘503<10p”). n=number of analyses.

Tabla 1.- Analisis instrumental por activacion neutronica del intervalo K/T de la seccion del Gredero. Valores en ppm (pg/g), excepto para el Ir y Au en
ppb (ng/g). Analisis realizados en el IRI, Universidad Delft, y Actlabs, Toronto (columna ‘503<10p”). n=ntimero de analisis.

spherules. Apparently, the matrix between the spinel
crystals has been altered to a soft clay that is easily lost
in the extraction techniques applied. Textures as in the
‘sanidine’ spherules were also found in spherules of pure
smectite (Fonte d’Olio, Italy; Bidart, France), in arseno-
pyrite spherules from Zumaya (Spain), and goethite from
New Zealand and Tetri-Tskaro, Georgia. Thus it became
clear that the K-spar quench crystals were pseudomorph
alteration products of another precursor, preferably a
mafic mineral. The high 80 (+25%o) of the sanidine
(Epstein, 1982) also confirmed their low temperature
origin. Finally, the precursor mineral, which consists of
Ca-rich clinopyroxene was discovered at DSDP site 577,
Shatsky Rise, in the Pacific; (Smit et al., 1992) (Fig. 10).

8. Soot

Wolbach et al. (1985) determined an anomalous amount
of'soot in sample 75-503, indicative of large wildfires just
after the impact. It is worth noting, however, that at the
“twin” site Agost not a trace of soot has been discovered,
whereas all other characteristics (lithology, biotic chang-
es, geochemistry) are almost identical.

9. Stable isotopes

Stable isotope analyses have played a major role in
establishing the magnitude of the K/T mass-extinctions.
Romein (Romein and Smit, 1981) analysed stable iso-
topes in detail across the K/T boundary in the Gredero
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Fig. 10.- SEM graphs of skeletal Ca-rich clinopyroxene from DSDP site 577, Shatsky Rise Pacific (left). Small crystals of K-spar (sanidine) from
Caravaca (sm75-503). The identical texture suggests these are pseudomorphs after clinopyroxene (right)

Fig. 10.- Fotomicrografias SEM de clinopiroxeno rico en Ca del site 577 DSDP, Shatsky Rise en el Pacifico (a la izquierda), y de pequefios cristales
de sanidina de Caravaca (sm75-503). La textura idéntica sugiere que estos ultimos (a la derecha) son seudomorfos de clinopiroxeno.

section. He was the first to find the short-term strongly
negative (2.5%o 0 13C) anomaly, which later became the
fingerprint of the “Strangelove ocean” condition (Hsu
and McKenzie, 1985). In fact, all major mass-extinctions
are characterized by such negative & C shifts. In these
conditions the vertical 5 °C gradient in the oceans tem-
porarily disappeared during the deposition of the bound-
ary clay. The o %0 profile of Caravaca (Smit, 1990) sug-
gests that sea-surface temperatures rose considerably at
the base of the boundary clay. Kaiho and Lamolda (1999)
confirmed these anomalies in detail, as they showed that
the vast majority of Cretaceous species above the K/T
boundary are reworked specimens. These authors avoid-
ed the problem of the calcite infilling of foraminifers by
analysing the crushed shells only. Their results invalidate
earlier conclusions of survivorship of Cretaceous species
above the K/T boundary, based on the analyses by Bar-
rera and Keller (1990), of the calcite infilled foraminifers
of Brazos river.

10. Burrowing

The 3 mm thin ejecta layers in the sections at Agost,
Relleu, Finestrat and Gredero are almost completely
intact, without apparent bioturbation. This demonstrates
that burrowing organisms also temporarily disappeared
from the region, presumably for the same temporary lack
of oxygen on the sea floor that reduced the benthic fora-
miniferal faunas (Coccioni and Galeotti, 1994).

The top 10 cm of the Maastrichtian often contains dark
grey burrows, of the same composition and colour as the
PO boundary clay (e.g. Zoophycos, Chondrites, Thalassi-
noides). Those burrows contrast strongly with the light
colour of the greenish marls. Kotake (1989) has shown
that this type of burrowers, especially Zoophycos, scav-
enge the seafloor, and transport debris from the seafloor
surface down into their burrows. In the Gredero section
the dark burrows are filled with dark boundary clay only,
but never with ejecta layer debris, such as spherules. This
implies that these burrows were made after the ejecta
layer was covered by a sufficient amount of clay that the
Zoophycos burrower could not scavenge the ejecta layer
anymore. Although these burrows have penetrated the
ejecta layer, they leave the ejecta layer itself intact.

In contrast, similar burrows in the topmost Maastrich-
tian elsewhere, e.g. from Italy (Furlo, Petriccio) and
Bidart (France), often contain the debris of ejecta (spher-
ules, iridium). At these locations the ejecta layer is also
bioturbated, indicating either less anaerobic conditions
on the sea floor after the K/T mass-extinction event, or
low sedimentation rates, allowing the ejecta layer to be
scavenged and bioturbated.

11. Conclusions
The Gredero section has provided numerous discover-

ies of the K/T boundary event that demonstrate the in-
timate relationship between the biotic events across the
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K/T boundary and the impact event at Chicxulub. The
section is still well accessible, but increasing urban and
industrial developments threaten to cover and destroy
this unique section.
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