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Abstract 

An integrated analysis of subsidence and sequence stratigraphy of the Cretaceous successions of the Jumilla

Yecla Region (Betics, SE Spain) is supported by abundant stratigraphical, sedimentological and palaeontological 

data, with the aim to document and explain the accommodation changes that controlled the evolution and 

architecture of the carbonate platforms generated during that time on the southern continental margin of Iberia, The 

Cretaceous shallow marine carbonates and clastics that extensively crop out in the Jumilla-Yecla Region are divided 

into 11 sequence sets (major stratigraphic units bounded by tectonically induced unconformities), which can be 

subdivided into several third order depositionai sequences and their constituent system tracts, All these genetic units 

build up a regional chronostratigraphic framework, which is herein used to support subsidence calculations. From the 

results of the subsidence analysis, seven intervals with characteristic tectonosedimentary patterns were distinguished 

for Cretaceous time. From these intervals, the first three (respectively early Tithonian-early late Berriasian, late 

Berriasian-Iate Hauterivian, and latest Hauterivian to earliest late Albian) were controlled by extensional tectonics, 

strong enough to mask, during most part of the time, the long-term thermal subsidence inherent to the continental 

margin. This tectonism was related to the Iberia-Africa divergence and the opening of the North Atlantic. Later, the 

fourth interval (late Albian-mid Cenomanian) and the sixth interval (late Coniacian to late Santonian) were 

characterised regionally by, overall, homogeneous subsidence patterns controlled by thermal subsidence, sediment 

loading and a relative tectonic quiescence. Finally, the fifth and the seventh intervals (respectively latest Cenomanian

early Coniacian and Campanian-Maastrichtian) were characterised by strong tectonic movements and complex 

subsidence patterns which were related to changes in intraplate stresses related to the onset of the convergence 

between Africa and Iberia and with the evolution of the Bay of Biscay. 
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1. Introduction 

The subsidence history of continental margins 
is often much more complex than conceptual 



models predict. Rifting, crustal extension or 
changes in intraplate stresses can occur in several 
distinct phases and thus cause non-exponential, 
complex subsidence curves, although only part 
of these tectonic phases can be active at one lo
cation. In such cases, detailed quantitative studies 
of the stratigraphic sequences developed on those 
tectonic settings appear as the only viable tool for 
deciphering their tectonosedimentary evolution. 

Such a situation was found in the ancient 
southern continental margin of Iberia during the 
whole Mesozoic, and particularly during Creta
ceous times. This paper concentrates precisely in 
that latter period and its complex evolution, 
which is analysed by means of the study of the 
carbonate platforms that were developed on the 
shallow areas of the margin. 

The results presented herein are based on the 
combined application of two specific methods, 
which are sequence stratigraphy - which provides 
an excellent chronostratigraphic framework on 
the carbonate rock packages - and subsidence 
analysis - which allows determination and inter
pretation of accommodation changes in sedimen
tary basins through time. These analyses are sup
ported by a huge background of stratigraphic, 
sedimentological and palaeontological data ob
tained by the authors and collaborators in the 
last two decades. 

2. Geological setting 

This paper concerns the carbonate platforms 
generated during the Cretaceous on the south Ibe
rian continental margin (so called the Betic mar
gin, Fig. l a). In the present day, thick sequences 
of carbonate (and mixed carbonate-siliciclastic) 
rocks belonging to those Cretaceous platforms ex
tensively crop out in the Prebetic Zone in SE 
Spain (Fig. 1 b). 

This Prebetic Zone is a broad Alpine tectonic 
unit that corresponds to the most external portion 
of the fold-and-thrust belt of the Betic Chain. It 
consists of a para-autochtonous sedimentary cov
er of Mesozoic-Cenozoic age, which is detached 
from the Variscan basement along the Upper Tri
assic evaporites. The Cretaceous sequence in the 

Prebetic includes thick successions (reaching more 
than 3000 m in some areas) of carbonates and 
clastics that were deposited in the shallow areas 
of the ancient continental margin, in environ
ments which ranged from continental to outer 
platform and hemipelagic settings. 

The Mesozoic history of that ancient continen
tal margin is a complex one. The basin evolution 
started in the late Permian--early Triassic with an 
initial stage of intracontinental rifling related with 
the break-up of Pangaea and the divergence of 
Europe and Africa (Perez-L6pez, 1991). This ini
tial phase was followed by a prolonged interval of 
relative tectonic quiescence, which lasted until the 
Pliensbachian (Vera, 1988, 2001), when another 
main extensional stage started. This later caused 
the separation of Iberia and Africa and the indi
vidualisation of the continental margin herein 
considered. The young margin was then subjected 
to transtensional tectonics, which affected the out
er and deepest areas of the margin (the Subbetic) 
during most of the Jurassic (e.g. Ruiz-Ortiz et aI., 
2001), and also its inner and shallower areas 
(which correspond to the Prebetic) during the 
early Cretaceous (e.g. Vilas et aI., 2001). Later, 
during the late Cretaceous, the margin experi
enced a complex evolution, which preceded 
its transformation into a convergent margin 
in the Palaeogene, during the Alpine orogeny 
(e.g. Martin-Chivelet, 1996; Reicherter and 
Pletsch, 2000). That convergence resulted in the 
total destruction of the continental margin during 
the Neogene and the structuring of the Betic 
Chain. 

This paper concentrates on the characterisation 
of the Cretaceous evolution of the updip region of 
the Betic margin (i.e. the Prebetic) and the car
bonate platforms that developed on it during that 
period. The majority of work was concentrated in 
the Jumilla-Yecla Region (Fig. l a), an area cen
tred within the Prebetic and which presents excep
tional outcrop conditions and excellent, continu
ous Cretaceous sections corresponding to those 
carbonate platfonns. It is convenient to indicate 
here that the northwestern part of the Jumilla
Yecla Region corresponds, from a palaeogeo
graphical perspective, to a wider domain that de
fined the transition between the subsiding areas of 
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Fig. 1. (A) Palaeogeographic location of the Prebetic platforms in the southern continental margin of Iberia during the late Cre
taceous. The map also shows the main sedimentary basins of that plate in that period. Based on Ziegler (1988). (B) Geological 
sketch map of southeastern Spain with the location of the study area and the stratigraphical sections considered for subsidence 
analysis. 1 .  La Higuera Fuente Alamo (composite section), 2. Almansa, 3. Cuchillo Caudete (composite section), 4. Sierra Larga, 
5. Sopalmo, 6. El Carche. Location of the Lower Cretaceous basin boundary listric fault is based on Vilas and Querol (1999). 

the continental margin and the cratonic interior of 
the plate. That transitional area, called the Alba
cete domain (e.g. Vilas et aI., 1983, 1998; Gime
nez et aI., 1993; Vilas and Querol, 1999) is char-

acterised by thin and discontinuous series for the 
Cretaceous. Its boundary with the rest of the ba
sin is defined by a major palaeotectonic feature 
which, during part of the early Cretaceous, acted 



as a basin boundary listric fault (Fig. 1 b, more 
details below). 

3. Methods and data 

A combination of sequence stratigraphy and 
subsidence analysis forms a useful tool for recon
structing the tectonosedimentary evolution of an
cient carbonate platforms. The method is partic
ularly powerful for those platforms developed 
over vast areas and under conditions of complex 
tectonics (with accommodation rates varying both 
spatially and temporally) such as those considered 
herein. In these cases, the refining of sequence 
stratigraphic methods allows us to apply subsi
dence techniques to stratigraphic sections at very 
detailed time scales, providing results of much 
higher resolution than those reached by means 
of the traditional, qualitative methods. 

3.1. Sequence strat;graphy 

The sequence stratigraphy of the Cretaceous 
platforms in the Jumilla-Yecla Region (and also 
of other sectors of the Prebetic) is today, after 
more than 15 years of regional work by the au
thors and collaborators, relatively well known. In 
the last decade, many papers dealing with differ
ent aspects (sedimentology, lithostratigraphy, 
chronobiostratigraphy, sequence stratigraphy, pa
laeogeography, subsidence, and diagenesis) of dif
ferent portions of these Cretaceous platforms 
have been published (e.g. Arias, 1978; Arias et 
aI., 1979a,b, 1987, 1995, 1996; Vilas et aI., 1982, 
1983, 1993, 1995, 1998, 2001; Martin-Chivelet et 
aI., 1990, 1995, 1997; Martin-Chivelet, 1992, 
1994, 1995, 1996; Gimenez et aI., 1993; Martin
Chivelet and Gimenez, 1992, 1993). That collec
tion of works, together with unpublished data sets 
coming from more than 100 detailed stratigraphic 
sections, [onn a solid basis for erecting the com
plete regional sequence stratigraphic framework 
presented herein. 

This framework, summarised in Fig. 2, consists 
of 11 major unconfonnity bounded units or se
quence sets. These units have a strongly variable 
thickness (20-450 m) and record time intervals of 

5-10 m.y. average. They are bounded by major 
unconfonnities that represent abrupt changes in 
the basin geometry, the palaeogeography, the tec
tonic regime, the sedimentation and/or the biotic 
assemblages. In this way, each sequence set 
should be characterised by a specific palaeogeo
graphical framework and by a characteristic ar
chitectural pattern of depositional systems. An 
important fact is that the unconformities that 
bound sequence sets do not show prominent ero
sional features, even when they represent time in
tervals of several million years. Furthermore it is 
noteworthy that sequence sets, bounded by tec
tonically induced unconformities, cannot be fully 
developed sequence stratigraphic units, and thus 
they are not comparable to the second order 
supersequences or megasequences of other au
thors (e.g. Vail et aI., 1991). As the second order 
global sea-level changes have a similar or longer 
duration than sequence sets, their signal in the 
sedimentary record is often masked or disturbed 
by regional tectonics. In some cases, however, the 
second order signal has been clearly recognised 
(e.g. Martin-Chivelet, in press). 

At a lower time scale, several third order ac
commodation cycles can be recognised within 
each sequence set (Fig. 2). These define deposi
tional sequences with an average duration of 1-
4 m.y., and which are bounded by unconformities 
that represent minor hiatuses, the duration of 
which is usually shorter than the biostratigraphi
cal age-dating precision. These depositional se
quences, interpreted as the signature of relative 
sea-level variations resulting from a combination 
of local tectonics and eustasy, have been subdi
vided into depositional system tracts. 

Sequence sets, depositional sequences and sys
tem tracts are herein considered as basic units for 
subsidence calculations. Age-dating of these units 
is based on previously published biostratigraphi
cal data sets (Arias and Fourcade, 1977; Arias 
and Wiedmann, 1977; Masse et aI., 1992, 
1993a,b, 1998; Arias et aI., 1993; Martin-Chivelet 
et aI., 1990, 1995; Martin-Chivelet, 1992; Rami
rez del Pozo and Martin-Chivelet, 1994; Moryco
wa et aI., 2001) that include benthic foraminifera, 
rudists, green algae and some ammonoids and 
plank tic foraminifera. These ages have been cor-
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roborated by regional correlations with the hemi
pelagic sections of the southernmost part of the 
Prebetic, where the sedimentary successions offer 
a complete record of ammonoids for most of the 
Lower Cretaceous (e.g. Company, 1987; Castro, 
1998; Castro et aI., 2001; Arias et aI., 2001), and 
of planktic foraminifera for the Upper Cretaceous 
(e.g. Chacon and Martin Chivelet, 2002; Chacon, 
2002). 

3.2. Subsidence analysis 

The quantitative analysis of subsidence pre
sented herein is based on six exceptional strati
graphic sections corresponding to excellent out
crops of the Jumilla-Yecla Region. These can be 
considered as representative of different subzones 
or tectonic blocks within the framework of the 
ancient margin. Two of them (La Higuera-Fuente 
Alamo and Almansa; Fig. 3a, b) correspond to the 
rigid, minimally subsident, 'semicratonic' area of 
the Albacete domain and have a very reduced 
sedimentary record, with little small thickness 
and big hiatuses. The other four were palaeogeo-

graphically located basinwards, in more subsident 
areas within the Prebetic (Caudete-Cuchillo, Sier
ra Larga, Sopahuo and Carche; Fig. 3c-l), and 
consist of thicker and much more complete suc
ceSSIOns. 

All these sections consist of carbonates and, to 
a lesser extent, siliciclastics. These rocks were de
posited in environments ranging from continental 
(braided fluvial systems, shallow coastal lakes, 
supra tidal sabkhas, palaeosols) to open marine 
(outer platform, hemipelagic). From all facies, 
those deposited in very shallow marine environ
ments were clearly dominant in all sections. Fa
cies patterns change notably through time, but a 
general deepening trend can be recognised from 
the northwest to the southeast, and the environ
ments were palaeogeographically distributed in 
broad NE-SW belts, i.e. nearly parallel to the 
general trend of the continental margin. 

The subsidence analysis (Fig. 4) is performed 
by applying backs tripping techniques (Steckler 
and Watts, 1978; van Hinte, 1978) to those six 
stratigraphical sections by means of the basic pro
cedures described, for example, in Sclater and 
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Christie (1980), Bond and Kominz (1984) and An
gevine et al. (1990). Data from the rocks overlying 
the sections have also been considered in order to 
complete decompaction calculations. Lithological 
and age infonnation on these Tertiary and Qua
ternary successions were adopted from Azema 
(1977), Baena (1981), Baena and Jerez (1982), 
Gallego et al. (1984a,b), Garda de Domingo et 
al. (1984), and Kenter et al. (1990). 

In order to correct for compaction, the partial 
thickness of different lithologies within each basic 
genetic unit (systems tract) was discriminated. De
compaction was carried out using the litho logical 
parameters and porosity-depth exponential rela
tions proposed by Sclater and Christie (1980), 
Schmoker and Halley (1982) and Goldhammer 
(1997). Palaeo-water depth values were deduced 
from sedimentological facies and fossil assem
blages. A maximum and a minimum estimate 
for each unit have been taken for calculating 
errors. As most units were deposited in very 
shallow environments, the range of error intro
duced by palaeo-water depth uncertainties in the 
backstripping calculations is generally low. For 
calculating tectonic subsidence a simple isostatic 
model has been assumed. No eustatic corrections 
were introduced in the procedure. This implies 
that calculated subsidence would always include 
the eustatic signal, which could be separated in 
some cases by means of quantitative accommoda
tion analysis (Martin-Chivelet, 2003, this volume). 
Finally, it should be noted that the chronostrati-

graphic scale proposed by Gradstein et al. (1995) 
has been adopted in the calculations, and all the 
results have been referred and plotted according 
to it. 

Fig. 5 shows the curves that resulted from sub
sidence calculations for each stratigraphic section. 
These include the total accommodation and the 
tectonic subsidence. Those curves were analysed 
separately and then compared and correlated 
throughout the study area (Figs. 6 and 7). From 
these analyses and correlations, the following 
main aspects were deduced: 

1. Total accommodation rates (decompacted 
accumulation plus waterdepth changes) for the 
Cretaceous series are moderate, with average val
ues of 12.5 mmlk.y. These values are within the 
normal range of passive margins (e.g. Einsele, 
1992). Regionally, total subsidence increases to
wards the southeast (basinwards). The sections 
corresponding to the Albacete domain (Almansa 
and La Higuera-Fuente Alamo) show, as ex
pected, much lower subsidence rates than the 
rest of the area. 

2. The patterns of subsidence are, however, 
complex in all sections. Both the total and the 
tectonic subsidence curves show irregular, seesaw 
shapes, which reveal alternating periods of rela
tively high subsidence with others of much lower 
values or even of uplift. 

3. The changes of subsidence rates which bound 
and define those alternating periods are generally 
abrupt, and took place in short intervals of time. 
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They are subsidence events that punctuate the 
general shape of the curves. 

4. These subsidence events in each section seem 
to have been approximately simultaneous through 
the entire area, although they can have very dif· 

ferent responses in each section. For example, a 
major subsidence event can be recognised in all 
sections in the late Cenomanian, but the local 
consequences of that event were very different: 
in some areas the subsidence rapidly increased, 
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Fig. 7. Subsidence intervals and tectonic events inferred from the correlation of tectonic subsidence. 

even causing the drowning of the previous shal
low platform, whereas in others the effect was the 
opposite, causing their uplift and emersion. The 
existence of isochronous subsidence events caus
ing differential vertical movements suggests that 
the main changes in accommodation were con
trolled by rapid tectonic pulses, that determined 

differential and often rotational movements in tec
tonic blocks. 

With these previous premises, we have differ
entiated seven intervals of subsidence, which 
have the following ages: (1) early Tithonian to 
early late Berriasian, (2) late Berriasian-Iate Hau
terivian, (3) latest Hauterivian to earliest late AI-



bian, (4) late Albian to early Cenomanian, (5) 
middle Cenomanian to early Coniacian, (6) late 
Coniacian to late Santonian, and (7) Campanian 
to latest Maastrichtian. Each of them shows its 
own characteristics which reflects responses to 
particular tectonic activities. These intervals are 
bounded by major regional unconformities which 
are the record of rapid subsidence events or tec
tonic pulses. Other minor tectonic pulses can also 
internally punctuate the subsidence intervals, par
ticularly those characterised by complex patterns 
of accommodation. 

4. Results and discussion 

Although this paper concentrates on the Creta
ceous history of the Prebetic platform, it is neces
sary to go back to the end of the Jurassic to 
understand the events and episodes that took 
place in the early Cretaceous better. During the 
late Jurassic (MaIm), all the area considered here
in was part of a wide and generally shallow car
bonate platform which extended not only over the 
Prebetic reahu but also landwards, through the 
wide epeiric seas that covered much of Iberia at 
that time (e.g. Gomez and Goy, 1979; Badenas 
and Aurell, 1999). The subsidence in the Prebetic 
area was rather homogeneous and moderate, be
coming greater during the Kimmeridgian, prob
ably announcing the tectonism that would later 
occur, during the Tithonian and the earliest Cre
taceous. In fact the consistent pattern of overall 
subsidence of the late Jurassic ceased in the early 
Tithonian, when a tectonic event took place in the 
Prebetic. 

4.1. Early Tithonian to early late Berriasian 
subsidence interval 

The tectonic event that took place in the early 
Tithonian caused the development of a SW-NE 
striking, SE dipping, extensional fault which was 
to separate, probably for the first time, the 'cra
tonic-like' area of the Albacete domain, land
wards, from the rest of the Prebetic, basinwards. 
That major fault was to play an essential role in 
the later evolution of the margin, as will be ex-

plained below, with final inversion during the Ter
tiary compressional episodes. Today it can be rec
ognised as a large, inverse fault (see Fig. I b  for 
present-day location) with clear gravimetric and 
magnetometric anomalies (Castafio, 1993). 

That initial break-up of the Prebetic was to 
determine that during the Tithonian and the Ber
riasian times sedimentation was restricted to the 
subsiding part of the margin, basinward of the 
major fault, whereas the stable block that devel
oped landwards stayed emerged and without ac
cumulation of sediment. 

This initial interval of extensional tectonics in 
the Prebetic can be framed in the wider rifling 
interval related to the opening of the North 
Atlantic, which affected most of the basins of 
western Europe (e.g. Ziegler, 1988; Hiscott et 
aI., 1990; Jacquin and de Graciansky, 1998). It 
was particularly intense in the northern part of 
Iberia, where the onset of the Bay of Biscay rifl
ing was taking place, causing strong tectonic 
movements and the development of a complex 
system of extensional depocentres in the Bas
que-Cantabrian basin (e.g. Lepvrier and Marti
nez-Garcia, 1990; Hernandez et aI., 1999), and 
in the northern areas of the Iberian basin (e.g. 
Mas et aI., 1993; Alonso and Mas, 1993; Salas 
and Casas, 1993). 

4.2. Late Berriasian-Iate Hauterivian subsidence 
interval 

A prolonged period (16 m.y.) of strong differ
ential subsidence in the area ensued, during which 
the major fault that had developed during the 
previous interval acted as a basin boundary listric 
fault. While the Albacete domain stayed emerged 
and without sedimentation, and behaved as a rig
id, stable block, the area southwards of the 
boundary fault suffered strong extensional tecton
ics that caused fragmentation into blocks sepa
rated by listric faults. The faults, approximately 
parallel to the boundary listric fault, caused differ
ential subsidence by rotation of blocks, and deter
mined that sedimentation was mainly restricted to 
half-grabens. These patterns can be recognised in 
Fig. 7, where the tectonic subsidence curves of 
Caudete-Cuchillo and Sierra Larga show compa-



rable shapes for this period but very different 
rates. 

The sedimentary record of this interval includes 
two successive sequence sets (Kl and K2 of Fig. 
2). Sequence Set Kl (upper Berriasian to lower 
Valanginian) consists of two third depositional 
sequences, represented in the area mainly by peri
tidal facies. In contrast with the previous late Ju
rassic deposits, these started to contain abundant 
siliciclastic material. The Sequence Set K2 (upper 
Valanginian to upper Hauterivian ) is formed by 
three depositional sequences (Masse et aI., 1993b), 
each of which, in the studied area, consists of 
outer platform marls that graded towards the 
top into shallower reefal or parareefal carbonates. 
Both sequence sets are separated by a regional 
unconformity that could be induced by a minor 
regional tectonic pulse, and probably also related 
with the global 'mid Valanginian drowning event', 
well known in different platforms of the Tethyan 
realm (Weissert et aI., 1998). 

As with the fonner episode, this new extension
al interval in the Prebetic should also be frarued in 
the generalised rifling episode that led to the 
opening of the North Atlantic and the Bay of 
Biscay. It has also been recognised in other basins 
of Iberia, such as the Lusitanian margin in Portu
gal (cf. Rey, 1972), the Basque-Cantabrian basin 
(e.g. Pujalte, 1977, 1981, 1989; Hernandez et aI., 
1999), the Pyrenees (e.g. Berastegui et aI., 1990), 
and the Iberian basin (e.g. Alvaro et aI., 1979; 
Mas et aI., 1993; Salas, 1987; Salas and Casas, 
1993). In all these settings, sedimentation was 
strongly controlled by the formation and move
ment of normal faults, which generated consider
able differences of facies and thickness within 
each basin. 

4.3. Latest Hauterivian to early late Albian 
subsidence interval 

This interval, which lasted 22 m.y., is charac
terised by an increase and also by a certain ho
mogenisation of the accommodation throughout 
the region. This was determined mainly by the 
continuation of the extensional tectonics and 
also by a global long-term sea-level rise that cul
minated in the Cenomanian (e.g. Haq et aI., 

1987). An important fact is that the extensional 
tectonics spread into the Albacete domain: this 
zone, which had been very stable during the pre
vious times, became moderately affected by frac
turing and vertical block movements, which were 
particularly active during the latest Barremian
late Aptian interval. 

With the new accommodation space, sedimen
tation extended landwards into the Albacete do
main. The sedimentary record of the interval in
cludes three sequence sets (K3, K4 and K5, Fig. 
2), bounded by regional unconformities that were 
induced by successive tectonic events. Each of 
these events seems to have had less importance 
than the previous one. 

Sequence Set K3 (uppermost Hauterivian
upper Barremian) is unequally represented in the 
region. Within the Albacete domain it consists of 
fluvio-Iacustrine facies including marls, lime
stones, and evaporites. These deposits represent 
the infill of small, isolated, half-grabens. South
wards of the main listric fault, the unit is also 
dominated by mixed facies but of coastal origin. 
In this zone, the maximum extension of the se
quence set occurred at its end, when a wide shal
low dasyclad-rich carbonate platform developed. 

Sequence Set K4 (uppermost Barremian-upper 
Aptian) represents the start of the development of 
'Urgonian' facies in the Prebetic, and also the 
interval in which they had their maximum impor
tance (Masse et aI., 1992). The Urgonian facies 
were deposited on a vast and shallow carbonate 
platform which covered not only the subsiding 
zones of the Prebetic, but also most of the Alba
cete domain. The set can be divided into three 
depositional sequences which show variable thick
ness as a consequence of the synsedimentary ac
tivity of listric faults (Vilas et aI., 1993). 

Finally, Sequence Set K5 (lower-middle Al
bian) consists of a rather heterogeneous unit 
that includes mixed facies ranging from fluvial 
to open marine. Sedimentation of this sequence 
set took place over the whole region, extending 
further towards the continent than the former se
quences. 

Broadly, this subsidence interval was character
ised by extensional tectonic activity affecting the 
whole region. However, this activity, and the re-



lated subsidence, was less pronounced in the AI
bacete domain. Also it is important to note that 
maximum tectonic activity, reflected in the rapid 
movement of listric faults, occurred during the 
first half of the time interval, and that then it 
decreased toward the end of the interval. Regional 
tectonic events (those which caused the uncon
formities that bound sequence sets) punctuate 
the subsidence curves, causing abrupt changes in 
their slopes. At the end of the interval, the relative 
movement of tectonic blocks was low. This point 
announced the next subsidence interval, which 
was characterised by very low tectonic activity, 
and the predominance of thennal subsidence. 

This interval of subsidence and tectonic activity 
is recognised in all the sedimentary domains of 
Iberia. It has been recognised in the Iberian basin 
(e.g. Vilas et aI., 1983; Salas and Casas, 1993), in 
the Pyrenees (e.g. Berastegui et aI., 1990), and in 
the Basque-Cantabrian basin (e.g. Garda-Mon
dejar, 1985, 1990; Rosales, 1999). In general, 
this extensional episode is characterised by the 
progressive decrease in tectonism simultaneous 
with the downwarping of most basins. These as
pects, combined with a global eustatic rise, al
lowed the broad marine transgression, which led 
to the development of wide Urgonian-type car
bonate shelves in the shallow areas of most basins 
(e.g. Rat, 1959; Rey, 1972; Garda-Mondejar, 
1979; Pascal, 1985; Viallard, 1973; Melendez, 
1971; Canerot, 1974; Garda, 1977; Arias, 1978; 
Mas, 1981; Salas, 1987; Berastegui et aI., 1990). 
From a geodynamic perspective, this generalised 
but decreasing tectonism could be related to the 
end of the rifling in the Bay of Biscay and the 
onset of seafloor spreading, which occurred in 
the late Aptian, according to palaeomagnetic 
data (e.g. Olivet, 1996). Despite this, extensional 
tectonism persisted in all those basins at least un
til mid Albian times (e.g. Salas and Casas, 1993; 
Berastegui et aI., 1990). 

4.4. Late Albian to early Cenomanian subsidence 
interval 

A relatively short interval (6 m.y.) of overall 
and relatively high accommodation rates fol
lowed, that were probably controlled by both 

the thermal subsidence of the continental margin 
and by the mid Cretaceous global rise of sea level. 
No substantial block movements took place dur
ing this interval in the region, as can be deduced 
from the subsidence curves, which show a very 
similar shape for all sections. However, those cor
responding to the Albacete domain show always 
lower values. 

Deposits of this subsidence interval are repre
sented by Sequence Set K6. Sedimentation of this 
sequence set started in all the area with the fluvial 
to coastal sands of the Utrillas Fonnation, over 
which a wide and huge carbonate platform devel
oped. This platform, which shows a great lateral 
homogeneity of facies, covered not only the 
studied area but it extended hundreds of kilo
metres towards the interior of the continent. It 
was the widest carbonate platform developed dur
ing the Cretaceous in the margin and recorded a 
succession of six third order depositional sequen
ces (Martin-Chivelet, this volume). 

This interval of relatively homogeneous accom
modation patterns can be related to the thermal 
subsidence of the margin (which became impor
tant when the extensional tectonics that had pre
vailed during much of the early Cretaceous 
ceased) and also with the generalised eustatic 
rise of that occurred around the Cenomanian 
(e.g. Hancock and Kauffrnan, 1979). This interval 
has been recognised in other basins of Iberia, 
which were also characterised, on their shallow 
areas, by the development of the widest carbonate 
platforms of their respective histories (e.g. Vilas et 
aI., 1982; Alonso et aI., 1993; Garda et aI., 1993; 
Sim6, 1985; Berthou and Lauverjat, 1979). The 
sea waters advanced inexorably towards the con
tinent and at no other time during the whole Me
sozoic did the carbonates cover so wide areas. 

4.5. Middle Cenomanian-early Coniacian 
subsidence interval 

This interval lasted about 8 m.y. and, in con
trast with the previous one, was characterised by 
very complex subsidence patterns in the Jumilla
Yecla Region. Differential block movements con
trolled again palaeogeography, facies, and sedi
mentary thickness. Important tectonic events oc-



curred in the middle Cenomanian (this pulse 
marked the onset of the interval), in the early 
late Cenomanian and in the latest Cenomanian 
to earliest Turonian. 

The two former events caused faults movement 
and configured a WSW-ENE elongated trough 
with deposition of very shallow to relatively 
deep marine carbonates (corresponding to Se
quence Sets K7 and K8, Fig. 2). This trough 
was bounded by two elevated and emerged areas 
with no sedimentation. The elevated area to the 
northeast roughly coincides with the Albacete do
main, whereas the area in the southeast outlined a 
narrow (3-5 km wide), ENE-WSW trending zone 
which was named Franja Anomala (,Anomalous 
fringe') by Martinez del Olmo et al. (1982). This 
new palaeogeographic feature was to have crucial 
importance in the evolution of the margin during 
the rest of the Cretaceous. 

The third event, at the very end of the Ceno
manian, in contrast to the previous ones, did 
not cause substantial movement of faults but 
the generalised uplift of the area, promoting the 
rapid shallowing and the emersion of the entire 
region. After the event, accommodation rates 
were again positive in some areas, but always ex
tremely low. This situation persisted through the 
Turonian and probably the early Coniacian, as 
is recorded in the palaeosols of the lower part 
of the Alarcon Formation (Martin-Chivelet and 
Gimenez, 1993). 

This interval of high tectonic activity has also 
been recognised in other areas of the Prebetic (e.g. 
Hoedemaeker, 1973; De Ruig, 1992), where the 
multi-phasic reactivation of faults also caused 
complex structuring of topographic highs and 
troughs and complex vertical movements. All 
that tectonism in the Prebetic could be interpreted 
in terms of intraplate stress changes in Iberia. It 
can thus be related to the acceleration of ocean 
spreading occurring on its northern boundary, the 
Bay of Biscay (Floquet, 1991), that started in the 
middle-late Cenomanian and which caused a gen
eralised tilting of Iberia towards the NW, and also 
to the transpressional movements probably occur
ring in the south, at the Iberia-Africa boundary 
(cf. De Jong, 1990; Kuhnt and Obert, 1991). Plate 
tilting induced an increase in the subsidence rate 

of the Basque-Cantabrian basin and the northern 
part of the Iberian basin (Floquet, 1991; Alonso 
et aI., 1993; Grafe and Wiedmann, 1993) and a 
deceleration or inversion of the subsidence in the 
southern areas of the Iberian basin and the Me
seta (e.g. Garcia et aI., 1985; Martin-Chivelet and 
Gimenez, 1993). In the unstable Betic margin, the 
response was complex, with differential vertical 
movements and rejuvenation or generation of lis
tric faults. 

4.6. Late Coniacian to late Santonian subsidence 
interval 

A new interval of overall regional subsidence 
was probably controlled by the cooling of the lith
osphere at the margin and also by eustatic 
changes. From a sequence stratigraphic perspec
tive, the interval corresponds to Sequence Set K9, 
which consists, according to Martin-Chivelet and 
Gimenez (1992), of three successive third order 
depositional sequences. The whole interval lasted 
nearly 5 m.y., which was recorded in very homo
geneous successions of shallow marine carbonates 
(Sierra de Utiel Formation, Fig. 2). During this 
interval marine sedimentation returned to all the 
area (including the Albacete domain) except the 
Franja Anomala, which still remained emerged. It 
formed a palaeogeographic feature controlled by 
the structural high inherited from the previous 
interval. This elevated block separated during 
this interval the shallow marine areas northwards 
(the studied region) from the relatively deep, 
hemipelagic areas southwards, in the Prebetic of 
Alicante (e.g. De Ruig, 1992; Chacon and 
Martin-Chivelet, 200l b), which are not considered 
in the paper. 

This interval, characterised by relative tectonic 
quiescence, is also recognised in other basins of 
the plate, as the Iberian basin (e.g. Floquet, 1991), 
the Pyrenees (e.g. Simo, 1993), and the Basque
Cantabrian basin (e.g. Grafe, 1999). It corre
sponds to a period of low changes in intraplate 
stresses that precluded a major change in the tec
tonic patterns of all those basins. It should be 
noted that, in the Santonian, the opening of the 
Bay of Biscay reached its maximum (e.g. Olivet, 
1996), before the initiation of convergence. Dur-



ing Campanian times, Iberia rotated back north
wards and collided with Europe, in response to 
the African-European convergence. 

4. 7. Campanian to latest Maastrichtian subsidence 
interval 

This was a prolonged interval of low to mod
erate subsidence during which major changes in 
basin geometry, palaeogeography and sedimenta
tion took place. In the Jumilla-Yecla Region, 
three major tectonic events have been recognised 
and respectively dated as Santonian-Campanian 
boundary, mid Maastrichtian and latest Maas
trichtian to early Danian (Martin-Chivelet, 1995, 
1996; Chacon, 2002), and bounding the last two 
sequence sets of the Cretaceous (K1O and Kl l ,  
Fig. 2). 

From these tectonic events, the former, clearly 
marked in the subsidence curves (Fig. 7), is prob
ably the most important. It determined a com
plete restructuring of the former carbonate plat
form (Sierra de Utiel Formation), and the 
generation of a complex mosaic of differentially 
subsiding zones with sedimentary environments of 
different bathymetries and terrigenous input. 
Again, the ancient, early Cretaceous, major listric 
fault was reactivated and, consequently, the Alba
cete domain elevated and emerged. No deposits of 
Campanian or Maastrichtian age have been found 
in that domain, with local exceptions (outside the 
Jumilla-Yecla Region, e.g. the Hellin area) of a 
few, thin, series of lacustrine or very restricted 
marine carbonates. 

Southwards of the emerged areas of the Alba
cete domain, the shallow marine waters occupied 
a narrow - 10 to 30 km wide - facies belt, on 
which coastal lakes, tidal flats and inner platform 
settings developed (Rambla de los Gavilanes For
mation). That belt was bounded basinwards by 
a complex system of islands that regionally did 
not coincide with the Franja An6mala, but with 
part of it. In fact, most of that Franja Anomala 
was drowned as a consequence of the tectonic 
event. In these zones, deep marine settings devel
oped, and hemipelagic sedimentation took place 
(Carche Formation). 

The 'mid' Maastrichtian tectonic event led to a 

drastic reorganisation of the palaeogeography, so 
that the former mosaic of environments was re
placed by a mixed carbonate-siliciclastic plat
form, structured in narrow facies belts trending 
SW-NE (Martin-Chivelet et aI., 1995; Martin
Chivelet, 1996). These belts were developed al
ways southwards of the Albacete domain (which 
stayed emerged during this interval) and include, 
from the NW to the SE, coastal lakes (Cerrillares 
Formation), inner platform and platfonn margin 
settings (Molar Formation) and outer platform, 
hemipelagic, environments (Raspay Formation). 
The third tectonic event (latest Maastrichtian
early Danian) marked the end of the Cretaceous 
sedimentation in the area, and has been chosen as 
the upper limit of our analysis. 

This interval of complex tectonic activity and 
anomalous subsidence has also been recognised 
in other areas of the Betic margin and in other 
sedimentary basins of Iberia too (e.g. Martin
Chivelet, 1996; Reicherter and Pletsch, 2000). 
Particularly, the initiation of the interval in the 
late Santonian to earliest Campanian is well docu
mented throughout the Prebetic (Kenter et aI., 
1990; Martin-Chivelet, 1996; Martin-Chivelet et 
aI., 1997; Chacon and Martin-Chivelet, 2001 b), 
in the Subbetic (Reicherter and Pletsch, 2000), 
and, outside the Betics, in the Pyrenees (e.g. Puig
defabregas and Souquet, 1986; cf. Simo, 1985, 
1993) and the Iberian basin (e.g. Floquet, 1991; 
Alonso et aI., 1993). This event is interpreted as 
the consequence of an abrupt change in the geo
dynamic evolution of the plate, which suffered the 
consequences of the convergence between Africa 
and Europe. These consequences include the ini
tiation of collision with Africa and the cessation 
of the opening of the Bay of Biscay (Boillot and 
Malod, 1988), together with the onset of compres
sional tectonics in the Pyrenees (Puigdefabregas 
and Souquet, 1986). On the other hand, the 
'mid' Maastrichtian event was probably related 
with changes in intraplate stresses within the 
same tectonic compressional framework (Martin
Chivelet, 1996; Chacon and Martin-Chivelet, 
200l a). These probably caused generalised uplift 
of the inner part of the plate and, consequently, 
an increase of the terrigenous influx to the con
tinental margin. 



5. Conclusions 

The Cretaceous carbonate platforms of the Ju
milla-Yecla Region record a 80-m.y. interval for 
which the sequence stratigraphic units were 
strongly influenced by synsedimentary tectonics 
and geographically distributed within tectonically 
controlled environments. A combined approach 
of sequence stratigraphy and subsidence analysis 
of those platforms, supported by a huge back
ground of stratigraphic, sedimentological and pa
laeontological data, has allowed the quantification 
and characterisation of the tectonosedimentary 
evolution of the updip region of the ancient Betic 
margin during the whole Cretaceous. 

The Cretaceous of the Jumilla-Yecla Region 
consists of thick successions of shallow marine 
carbonates and clastics, which have been divided 
into 11 sequence sets or stratigraphic units 
bounded by tectonically induced unconformities. 
Each of these major units consists of several third 
order depositional sequences and their constituent 
system tracts. The chronostratigraphic framework 
built up by sequence sets, depositional sequences 
and system tracts was adopted as the fundamental 
basis for the subsidence calculations. 

From subsidence curves, seven main intervals 
of very different regional tectonosedimentary be
haviour were separated for the whole Cretaceous 
period. These intervals, numbered from 1 to 7, 
have respectively the following ages: 1. early Ti
thonian-early late Berriasian, 2. late Berriasian
late Hauterivian, 3. latest Hauterivian to earliest 
late Albian, 4. late Albian to early Cenomanian, 
5. middle Cenomanian to early Coniacian, 6. late 
Coniacian to late Santonian, and 7. early Campa
nian to latest Maastrichtian. 

Many of these tectonosedimentary intervals 
and the regional changes in subsidence patterns 
can also be recognised in other areas of the an
cient margin, as well as in other sedimentary ba
sins of Iberia (although the sedimentary response 
in such basins can be very different). This fact 
attests to its supraregional origin and indicates 
common genetic mechanisms, these being con
trolled by the geodynamic evolution of Iberia. 
During the Cretaceous, the south Iberian margin 
experienced a complex evolution in response to 

dramatic geodynamic changes that operated in 
the western Tethys. These changes were related 
to the last stages of the divergent (transtensional) 
motion between Africa and Europe (that had con
trolled evolution of the basin since the Triassic) 
and the replacement of that divergence by a gen
eralised convergent movement between them, that 
cuhuinated in the destruction of the basin during 
the Tertiary. 

Intervals 1-3 are controlled by extensional tec
tonics, related to the opening of the northern At
lantic and the Bay of Biscay and also to the di
vergence between Africa and Iberia, intervals 4 
and 6 were probably determined by the thermal 
subsidence of the margin (without any important 
superimposed tectonism), and finally, intervals 5 
and 7 could have been controlled by strong 
changes on intraplate stresses related to the onset 
of the convergence between Africa and Iberia dur
ing the Late Cretaceous, and also -with the evolu
tion of the Bay of Biscay. 

Before the early Tithonian to early late Berria
sian interval (interval 1), the considered area was 
part of a wide, shallow, and homogeneously sub
siding carbonate platform. When that interval 
started, tectonism caused fragmentation of that 
platform and development of the SW-NE striking 
listric fault, which individualised, landwards, the 
tectonically stable and low subsident Albacete do
main from the rest of the basin, where most sed
imentation for this interval took place. Laterally, 
during the late Berriasian-Iate Hauterivian (inter
val 2), the area basinwards of the main listric fault 
suffered strong extensional tectonics and develop
ment of normal faults, semiparallel to the fonner, 
which controlled sedimentation in half-grabens. 
After this interval, and until the earliest late Al
bian (interval 3), the extensional tectonics not 
only continued but they spread towards the Alba
cete domain, which became at that time affected 
by moderate fracturing and vertical block move
ments. Towards the end of interval 3, the relative 
movement of tectonic blocks decreased, announc
ing the low tectonic activity of the next subsidence 
interval. Interval 4 (late Albian to early Cenorna
nian) together with interval 6 (late Coniacian to 
late Santonian) were both dominated by overall 
and relatively homogeneous subsidence rates, 



probably related with thennal subsidence of the 
margin, and this allowed the development of the 
widest and most homogeneous carbonate plat
forms of all the Cretaceous. These two intervals 
of relative tectonic quiescence were however sep
arated by interval 5 (middle Cenomanian-early 
Coniacian), which was characterised by very com
plex subsidence patterns in the Jumilla-Yecla Re
gion. Tectonic events in the middle and late Cen
ornanian and the later regional uplift during the 
latest Cenomanian to early Coniacian interval 
strongly controlled palaeogeography, facies, and 
sedimentary thickness. Finally, during Campanian 
and the Maastrichtian times (interval 7) low to 
moderate subsidence rates predominated and 
again strong block movements occurred, particu
larly during the latest Santonian to the earliest 
Campanian interval. This regional tectonism 
determined major changes in basin geometry, 
palaeogeography and sedimentation, which be
came progressively enriched in siliciclastic compo
nents. 
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