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Abstract 

A palaeomagnetic study has been carried out at 16 well-dated sites from four areas in central Spain (southeastern 
Iberian Massif and western Iberian Ranges) in order to constrain the Late Carboniferous to Late Triassic segment of 
the apparent polar wander path (APWP) of Iberia. 322 samples (218 with useful results) were collected from andesitic 
rocks at Atienza (287 ± 12 Ma) and from Triassic continental red beds at Molina de Aragon (Anisian-Ladinian), 
Alcaraz (Ladinian-Carnian), Alcazar de San Juan (Ladinian-Carnian) and Cuevas de Ayll6n (Carnian-Norian). 
Comparison of the palaeomagnetic results from the western Iberian Ranges and from the Iberian Massif indicates 
that the investigated area of the Iberian Ranges forms part of Stable Iberia. The palaeomagnetic poles obtained 
in this study and a revision of previous palaeomagnetic data, discarding poles obtained from areas of doubtful 
stability, show together a gradual and consistent change in latitude and longitude resulting in a coherent segment 
of the APWP for the Late Carboniferous to Late Triassic time span. 

Introduction 

During the Mesozoic opening of the Central Atlantic, 
the Iberian microplate occupied a key tectonic position 
between the European, African, and North American 
plates. The pattern of magnetic anomalies in the Bay of 
Biscay (Srivastava et al. 1990), and available palaeo­
magnetic data from Iberia, reviewed by Van der Yoo 
(1993), document its 35 to 40° anticlockwise rota­
tion associated with the opening of the Bay of Biscay. 
However, the exact plate motion of Iberia during the 
Mesozoic is still poorly understood, and several pro­
posals for its apparent polar wander path (APWP) are 
under discussion. 

The Iberian plate can be defined as a lithospher­
ic unit consisting of a central continental domain that 
is bordered by a domain of thinned or thickened con­
tinental crust, and an oceanic domain. The western 
part of continental Iberia is dominated by the large 
Iberian Massif of Hercynian age. It also comprises 

the Central System, an Alpine-deformed mountain 
chain of nearly E-W orientation (Figure 1 ). The rest 
of the geotectonic features of Iberia can be described 
in terms of the deformed Mesozoic basins that consti­
tute the main morphostructural reliefs (Pyrenees, Bet­
ics and the Iberian and Catalonian Ranges), and the 
lightly deformed Cenozoic Basins (Tajo, Duero, Ebro 
and Guadalquivir basins) located between them. Most 
of these features were established by Early Miocene 
times, during the last important tectonic event that 
affected the western Mediterranean, when Il.Jeria was 
moving as part of Eurasia. The pre-Miocene evolu­
tion of the plate is not so straightforward. It is related 
to the Triassic-Liassic rifting and subsequent sea-floor 
spreading of the Atlantic Ridge and opening of the 
Bay of Biscay during Cretaceous times (Galdeano et 
al. 1989, Srivastava et al. 1990). 
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Figure l. Main morphostructural units of the Iberian Peninsula and general distribution of the sampled regions. IA = Atienza (Upper 
Carboniferous-Lower Permian); MA = Molina de Aragon (Anisian-Ladinian); AZ = Alcaraz (Ladinian-Carnian); AR= Alcazar de San Juan 
(Ladinian-Carnian); CA= Cuevas de Ayll6n (Carnian-Norian). 

Stable Iberia and the reliability of its palaeopoles 

In the last 40 years numerous palaeomagnetic studies 
have been carried out on Permian and younger rocks 
from the Iberian Peninsula (e.g. Clegg et al. 1957, 
Schwarz 1963, Van der Yoo 1967, 1969, Stauffer & 
Tarling 1971, Van der Yoo & Zijderveld 1971, Vanden­
berg 1980, Schott & Peres 1987a, b, 1988, Galdeano et 
al. 1989). The first systematic study which covered a 
significant time span (Ordovician to Eocene) was car­
ried out by Van der Yoo (1969). This work constitutes 
the first well-documented palaeomagnetic evidence for 
the 35° anti-clockwise rotation of Iberia. Despite the 
numerous palaeomagnetic data the APWP of Iberia is 
still poorly defined. This is mainly because the pub­
lished palaeopole positions for Iberia do not follow a 
clear trend, and thus the selection of data for any APWP 
construction is dependent on the criteria used by the 
different authors. The observed scatter of the published 

palaeopoles may be due to the complications discussed 
below. 

Stable Iberia 

Recent structural and palaeomagnetic studies of the 
Iberian plate borders reveal local tectonic deformations 
that raise questions about the directional stability of the 
data used for the calculation of palaeopoles. Palaeo­
magnetic data obtained in the Betic Cordilleras, for 
example, show important clockwise rotations (Osete 
et al. 1989, Platzman & Lowrie 1992, Villalafn et 
al. 1994, Allerton et al. 1993). Data from the Pyre­
nees reveal a pattern of contrasting tectonic rotations 
(Schott & Peres 1988; Dinares et al. 1992, Keller et al. 
1994). Clockwise rotations have also been described 
from the Catalan Coastal Ranges (Pares et al. 1988). 
The Iberian. Ranges have been traditionally consid­
ered as part of Stable Iberia. However, Van der Yoo 
(1993) questioned their stability on the basis of recent 



geological interpretations of this chain that suggest the 
existence of deep detachment surfaces related to impor­
tant thrusting (Guimera & Alvaro 1990). On the other 
side, very recent palaeomagnetic studies of Oxfordian 
limestones covering a large area of the Iberian Ranges 
have not only demonstrated that there is directional 
consistency in most of the chain but also that signifi­
cant rotations may occur locally (Juarez et al. 1996). 
Finally, Vegas et al. (1990) consider that part of the 
deformation due to the collision of Africa and Eura­
sia has been partially accommodated in the Central 
System by small-scale block rotations. Accounting for 
these observations, only data from undeformed areas, 
or from rocks younger than the particular deformation, 
should be used to construct the APWP of Iberia. If 
that is so, can only the Meseta be considered as Sta­
ble Iberia? As will be discussed later, it is likely that a 
large part of the Iberian Ranges can also be considered 
stable. 

Magnetization overprint 

Some of the magnetization directions which were used 
for palaeopole calculations were later recognized as 
remagnetizations. In fact, the first palaeomagnetic 
study carried out on the Iberian plate (Clegg et al.1957) 
was thought to provide the first evidence for its anti­
clockwise rotation, but it was later recognized as being 
based on an erroneous interpretation of the magnetiza­
tion age (Van der Voo 1993). Schott et al. (1987a, b) 
have shown the existence of important Tertiary over­
prints in Triassic rocks of the Cantabrian Cordillera 
and Lower Cretaceous rocks of the Iberian Ranges. 
Juarez et al. (1994, 1996) have demonstrated the exis­
tence of pervasive overprints in Jurassic limestones of 
the Iberian Ranges, suggesting that most of the Juras­
sic data previously obtained in this region (Stauffer 
& Tarling 1971, Vandenberg 1980), and used to cal­
culate palaeopoles, are remagnetized. Moreau et al. 
(1992) have also shown a widespread remagnetization 
of Lower Cretaceous limestones from the Maestraz­
go in the southern Iberian Ranges. Turner et al. (1989) 
argued the existence of pervasive overprints affecting a 
large part of Triassic Buntsandstein rocks in the Iberian 
Ranges, although Rey et at. (1996) later showed that 
some Triassic red-bed outcrops from this area yield 
reliable palaeomagnetic results. 
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Figure 2. a) Apparent polar wander path for Iberia proposed by 
Schott (1988). b) Iberian palaeopoles with a quality factor Q 2: 3 
selected from Van der Yoo (1993). 

Age determination 

The originally inferred ages of the units studied dur­
ing the early palaeomagnetic research on Iberia, have 
often been modified on the basis of newer geological 
evidence. In fact, some of the discrepancies between 
the APWPs of Schott (1988) and Van der Voo (1993) 
can be attributed to this problem (Figures 2a, b ). The 
Late Triassic pole obtained by Van der Voo (1967) in 
red beds from Alcazar de San Juan (southern Meseta) 
was initially dated as Early Triassic. The position of 
this pole falls far away from the Permo-Triassic poles 
for the Cantabrian Ranges considered as representative 
of Stable Iberia by Schott (1988). 

In addition, ages of several volcanic units have been 
revised by radiometric methods over the last ten years. 
The Lisbon basalts, originally studied by Van der Voo 
& Zijderveld (1971) and attributed to the Eocene by 
stratigraphical methods, now have a radiometric age of 
about 70 Ma (Late Cretaceous). K-Ar dating performed 
on the Atienza andesites, investigated by Van der Voo 
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(1967), gives an age of about 290 Ma in contrast to 
their previously assigned Silurian age. 

Scarcity of data 

The number of palaeomagnetic studies of the Iberian 
Peninsula has greatly increased over the last ten years. 
Unfortunately this increasing activity has not resulted 
in a substantial increase of the number and reliabili­
ty of palaeomagnetic poles from which the APWP of 
Iberia can be adequately constrained. This is mainly 
due to the fact that most of these studies have con­
centrated on magnetostratigraphic problems, and have 
been carried out in areas which cannot be considered 
as Stable Iberia (i.e. Ogg et al. 1984, 1988, Steiner 
et al. 1987, Mazaud et al. 1986). On the other hand, 
a considerable amount of work has been concerned 
with the study of deformed chains like the Betics and 
the Pyrenees, which cannot be used for the purpose of 
constructing an APWP for Iberia. Furthermore, many 
of the Cretaceous and Jurassic rocks sampled with the 
aim of defining this sector of the Iberian APWP, display 
pervasive overprints that severely limit the number of 
poles that can be reasonably expected for this period 
(Galdeano et al. 1989, Moreau et al. 1992). After more 
than 40 years of palaeomagnetic research in Iberia, the 
number of available palaeomagnetic data is still too 
small to construct a detailed APWP. 

Previous APWPs for Iberia 

Schott (1988) proposed a Late Carboniferous to 
Miocene APWP for Iberia based on his own work plus 
a selection of previously published data (Figure 2a). 
He considers eleven poles, including two from the 
Cantabrian Ranges (Vandenberg 1980, Schott & Peres 
1987b) and two of Jurassic (Steiner et al. 1985) and 
Early Cretaceous (Schott and Peres, 1987a) age from 
the Iberian Ranges. The Late Triassic pole (original­
ly dated as Early Triassic) obtained by Van der Yoo 
(1967) from red beds in the southern Meseta was dis­
carded by Schott owing to its deviation from the other 
contemporary poles. Its proximity to the Tertiary poles 
made him suspect that it was remagnetized. 

Van der Yoo (1993) published a review of previ­
ously published palaeomagnetic poles and assigned a 
quality factor to them. Figure 2b shows a projection 
of poles from Iberia with a quality factor Q ::'.'. 3. This 
figure includes the Permo-Triassic and Early Trias­
sic poles from the Catalan Coastal Ranges, although 

Van der Yoo advises that, following the opinion of the 
authors (Pares et al. 1988), they may be affected by 
local rotations. Finally, Van der Yoo (1993) considers 
that the Late Triassic departure from the trend of the 
APWP proposed by Schott (1988), is related to the Late 
Triassic cusp observed in the North American APWP 
(Gordon et al. 1984, Ekstrand & Butler 1989). 

These two versions show important differences for 
the Permian to Late Triassic time span. 

In a more recent study Pares & Dinares (1994) 
investigated Triassic red beds from the Algarve (south­
ern Portugal) and southeastern Iberian Meseta. They 
selected these areas as representative of the southeast 
and southwest margin of Stable Iberia. They did not 
establish a precise chronology but considered that the 
ages of the studied rocks span the Late Triassic. Their 
results from the southern Meseta confirm the pole 
obtained by Van der Yoo (1967). In contrast, direc­
tions from southern Portugal lie 15° westward of the 
directions obtained from the southern Iberian Massif. 
This discrepancy can be due to the fact that both poles 
are not representative of the same Triassic palaeofield, 
or to the existence of intraplate rotations, or to a combi­
nation of both phenomena. After discussing these pos­
sibilities, the authors conclude that Alpine intraplate 
deformation has produced the observed discrepancy. 
And, therefore, the Algarve palaeopole reflects a rota­
tion associated with the Alpine evolution of the Iberian 
Atlantic margin. 

The present study intends to improve the resolution 
of the Late Carboniferous to Late Triassic segment of 
the APWP. In order to achieve this we have sampled 
16 sites from 4 localities of Late Carboniferous to Late 
Triassic age. We have been careful in selecting the 
sampling sites so that the ages of the rocks, the presence 
of overprints and their tectonic context are adequately 
constrained. 

Sampling strategy and palaeomagnetic methods 

This study is based on 218 useful (out of 322) ori­
ented samples collected from andesitic rocks at Atien­
za (locations IAl-4; 287 ± 12 Ma, Carboniferous­
Permian), and from Triassic continental red beds 
at Molina de Aragon (MAl-3, Anisian- Ladinian), 
Alcaraz (AZl-6, Ladinian-Carnian), Alcazar de San 
Juan (ARl and 2, Ladinian-Carnian), and Cuevas 
de Ayll6n (CAl, Carnian-Norian). The investigated 
regions are located in the intersection of the Central 
System and the Iberian Ranges (IA and CA, Figures 
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1, 3a), in the western part of the Iberian Ranges (MA, 
Figures 1, 3a), and in the eastern part of the Iberian 
Massif, in the southern Meseta (AR and AZ, Figures 
1, 4a). All sampling locations are in presumed Sta­
ble Iberia except Molina de Aragon which is situated 
in the western part of the Iberian Ranges. The stability 
of this region will be discussed later in this paper. 

Two of the investigated localities, Atienza and 
Alcazar de San Juan, have been studied by Van der 
Yoo (1967) using the alternating-field (AF) demagneti­
zation techniques that were available 30 years ago. We 

intend to improve the quality and test the reliability of 
these key localities by using thermal demagnetiwtion 
and by constraining their ages on newer stratigraphical 
and structural evidence. 

Turner et al. (1989) investigated the Buntsandstein 
facies in the Molina de Aragon area. They found that 
much of the Buntsandstein outcrops were complete­
ly remagnetized in a direction similar to the present 
local geomagnetic field. However, they were able to 
produce a preliminary magnetostratigraphical column 
based on the primary remanence preserved in some 
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fine-grained lithologies. The low intensity shown by 
the primary remanence made it difficult to calculate 
a mean direction for this component. Consequently, 
Turner et al. (1989) do not give a palaeomagnetic pole 
for the Molina de Aragon Buntsandstein facies. Fol­
lowing the path-breaking work of these authors, Rey et 
al. (1996) have later shown a more refined Upper Tri­
assic magnetostratigraphy for this area that correlates 
well with magnetostratigraphical sequences in North 
America and Asia. 

Most palaeomagnetic samples were drilled in the 
field, where cores of 2.5 cm diameter were oriented 
using a magnetic compass and an inclinometer. How­
evt:r, Lht: oriented hand samples collected at Molina 
de Aragon were drilled and prepared into standard 
palaeomagnetic specimens in the laboratory. Magnetic 
measurements were carried out at the palaeomagnetic 
laboratories of the Madrid, Birmingham and Newcas­
tle Universities. The natural remanent magnetization 
(NRM) was generally measured with spinner magne­
tometers (Minispin). A cryogenic magnetometer was 
occasionally used for specimens with initial intensities 
< 1 mNm. Progressive thermal demagnetization was 

performed using Schonstedt TSD-1 and MMTD fur­
naces. In addition some volcanic samples from Atienza 
were AF-demagnetized with GSD-5 Schonstedt equip­
ment. The susceptibility was measured after each ther­
mal demagnetization step using a Minisep instrument. 
The characteristic NRM components were evaluated 
by least-squares fitting of linear segments to orthog­
onal vector plots during progressive demagnetization 
(Zijderveld 1967), and by principal-component analy­
sis (Kirschvink 1980). Isothermal remanent magneti­
zation (IRM) in fields up to 1 T, was used to identify 
magnetic minerals in the samples by means of their 
coercivity (Lowrie & Heller 1982). 

Palaeomagnetic and rock-magnetic results 

Atienza (Carboniferous-Permian boundary) 

The Atienza area is located at the eastern border of 
the Central System close to the Iberian Ranges (Fig­
ure 3a). The studied rocks are from the Atienza vol­
canics, a sequence of two andesitic units interbedded 
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with detrital sediments. The volcanics crop out west 
of Atienza in a NW-SE striking syncline (Figure 5). 
The sequence consists of volcanic rocks with sub­
volcanic associated intrusions (Munoz et al. 1985). 
The age of the andesites was originally established as 
Silurian (Schroder 1930). Later, Virgili et al. (1973) 
and Hernando (1977) considered a Permian age for 
them due to their stratigraphical position. Hernando 
et al. (1980) dated them radiometrically as 287 ± 12 
Ma (Carboniferous-Permian boundary). The andesitic 
rocks lie unconformably on an older Palaeozoic base­
ment, are interbedded with Permian sediments, and are 
overlain by the Buntsandstein (Hernando et al. 1980). 

The Atienza andesites·have been the subject of two 
previous palaeomagnetic studies. Van der Voo (1967) 
carried out a detailed study in four localities. Hernan­
do et al. (1980) performed the radiometic datating of 
the rocks, reinterpreted the site tectonics as a syncline, 
and collected seven more cores for palaeomagnetism. 
These authors recalculated the Atienza palaeopole by 
combining their results with Van der Voo's (1967), 
applying a new bedding correction based on their tec­
tonic interpretation. They also performed a fold test 
with an inconclusive result, concluding that the tecton­
ic setting may be more complex than they originally 
thought. 

Considering the above, we have chosen four sites at 
this location with the simplest possible tectonic setting, 
and located in both limbs of the Atienza syncline in 
order to perform a fold test. The bedding corrections 
were taken from the overlying Permian detrital beds 
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at each site (IAl: Dip dir = 240° / Dip = 42°, IA2: 
250°/38°, IA3: 56°/40° and IA4: 93°/24°). 

Our results are based on 12 fully demagne­
tized specimens for each site. Thermal and AF­
demagnetization showed the presence of two stable 
components of magnetization in sites IAl, 2 and 4 
(Figure 6b ), whilst in IA3 samples only one single 
stable direction was found (Figure 6a). All samples 
showed the presence of a component with a low coer­
civity and with maximum unblocking temperatures of 
575-580°C. We interpret this component to be carried 
by titanomagnetite (of low Ti content). This compo­
nent has been considered as the characteristic rema­
nent magnetization (ChRM) of these rocks. Samples 
from sites IAl, 2 and 4, also showed the presence of a 
higher-coercivity component with maximum unblock­
ing temperatures of 675°C (Figure 6b). Haematite is 
likely to be the carrier of this second component. Both 
components show reversed polarities and declinations 
directed to the southeast. The inclinations of the higher­
temperature component are slightly steeper than those 
of the lower-temperature component (Figure 6b ). 

Comparison of the statistical parameters of McFad­
den & Jones (1981) before (fbe for e = 0.3406) and after 
tectonic correction (fa f ter = 0.0097) with the 95%­
significance-level value (F95% = 0.0679) indicates a 
95%-significance positive fold test suggesting a pre­
folding acquisition of the ChRM during a reverse 
palaeomagnetic field (the Kiaman Superchron). More­
over, the ChRM direction resembles that of other Late 
Carboniferous to Early Permian directions. Conse­
quently, it is very likely that this component represents 
the original magnetization of these rocks. An incon­
clusive result of the fold test performed for the high­
temperature component indicates a secondary origin 
for this component. Directions of the high unblocking 
temperature before (Dec = 161.8°, Inc= - 13.8°) and 
after (Dec = 156.5°, Inc = - 19 .0°) bedding correc­
tion are close to Middle Triassic data presented in this 
study. Therefore we have interpreted this component 
as a Permo-Triassic remagnetization. Geological evi­
dence indicates that these rocks have not only been 
affected by the Alpine orogeny, but possibly also by 
Tardihercynian movements (Hernando et al. 1980). 

Molina de Aragon (Anisian-Ladinian) 

The Molina de Aragon area is located in the western 
part of the Iberian Ranges (Figure 3a). In this area, we 
have investigated two stratigraphical units, the Rillo 
Mudstones and Sandstones Formation and the Torete 
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Multicoloured Mudstones and Sandstones Formation, 
at five sections stratigraphically grouped in three local­
ities (Figure 3b ). These are: the Rillo de Gallo section 

(MAl locality), the Hoz del Gallo section (MA2) and 
the Ermita, the Arroyo de San Roman and Aragoncil-



lo sections (MA3). The investigated beds dip lightly 
(10-15°) to the southwest. 

The Rillo Fm consists of a 120-m-thick sequence of 
interbedded red mudstones and sandstones with a basal 
conglomerate (Ramos 1979). The top half of this unit 
was sampled at 1 to 2-m intervals in the Rillo de Gallo 
section (MAl ), yielding 40 hand samples from which 
an average of two specimens per stratigraphic level 
were used for the palaeomagnetic study. The age of 
this formation has been established as Anisian (Middle 
Triassic) on the basis of the palynological assemblage 
found in the upper part of the unit at this particular site 
(Ramos 1979). 

The overlying Torete Fm comprises up to 40 m 
of thin-bedded red, green and violet mudstones and 
sandstones with finely laminated dolomitic horizons 
towards the top (Ramos 1979). The whole formation 
was sampled at four different sections. In the La Hoz 
del Gallo section (MA2) 24 hand samples were col­
lected. In addition 16 hand samples were collected at 
the La Ermita, Arroyo de San Roman and Aragoncillo 
sections (MA3). The age of this formation has been 
established as Ladinian (Middle Triassic) by Ramos 
(1979) on the basis of several palynological assem­
blages found in these sections. 

The initial NRM intensities range from 0.05 to 
2 mA/m. Thermal demagnetization showed a pro­
gressive removal of the magnetic remanence up to 
700°C. The NRM showed multicomponent magne­
tizations. Most samples showed, after removing a 
viscous magnetization, two stable NRM components 
with maximum unblocking temperatures between 100-
4000C and 575-700°C, respectively (Figure 6c). The 
low-temperature component always shows the nor­
mal polarity and steep inclinations that characterize 
directions close to the present-day field. The max­
imum unblocking temperature of this component is 
quite variable, but generally below 400°C. The other 
component is characterized by high unblocking tem­
peratures, and directions with low inclinations of both 
polarities, and anti-parallel NNW or SSE declinations. 
The proportion in which these two components are 
present in individual samples is variable, and the NRM 
of the samples is often dominated by only one of the 
two components. Sample MA3.03A (Figure 6d), for 
example, shows a remanence completely dominated 
by the high-temperature component. At intermediate 
unblocking temperatures (400-575°C) there is a com­
plex demagnetization behaviour resulting from overlap 
of normal and reverse components. This behaviour is 
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evident in samples in which the characteristic compo­
nent presents reversed polarity. 

!RM-acquisition curves show that both compo­
nents are carried by high-coercivity minerals only. 
These magnetic phases were identified in a detailed 
petrographical study as haematite, ilmeno-haematite, 
goethite and several other oxihydroxides. Goethite and 
several textural phases oflate-authigenic haematite, are 
therefore likely to be the carrier of the low-temperature 
component. Both minerals are considered to have 
acquired a recent CRM (chemical remanent magneti­
zation). Haematite and/or ilmeno-haematite have been 
identified as the carriers of components isolated in the 
high-unblocking-temperature spectrum, which in turn 
is interpreted as the result of a DRM (depositional 
remanent magnetization) or pDRM (post-depositional 
remanent magnetization). Samples showing exclusive­
ly the low-temperature component were discarded for 
calculation of the mean palaeomagnetic directions. A 
total number of 89 specimens were used in the final 
calculations representing 57 specimens from MAl, 
26 from MA2 and 6 from MA3 localities. Direc­
tional analysis of these components showed that nor­
mal (Dec = 346.4°; Inc = 32.0°; a95 = 4.0°) and 
reversed (Dec= 167.2°; Inc= 2.9°; CT95 = 5.3°) direc­
tions were not antipodal in terms of their inclinations. 
This can be explained by incomplete removal of the 
low-unblocking-temperature component during ther­
mal cleaning, as a consequence of the unblocking­
temperature overlap between the high-coercivity min­
erals that carry both components. However, a compen­
sated mean direction (Rey 1992) could be calculated. 
Rey et al. (1996) have shown several magnetostrati­
graphical sequences from this area that correlate well 
with magnetostratigraphical sequences of the same age 
in North America and Asia. 

Alcaraz (Ladinian-Carnian) 

Sampling of the Middle and Upper Triassic in the 
southern Meseta was undertaken in Alcaraz (Figures 
4a, b). These rocks constitute the easternmost Triassic 
outcrops of the so-called Triassic Continental Domain 
that represents the eastern border deposits of the Iberi­
an Massif. They constitute the unfolded tabular cover 
of Buntsandstein and Keuper that crops out in this 
area. The chronostratigraphical data (Besems 1981, 
Marquez-Aliaga et al. 1982, Perez-Lopez et al. 1992) 
enabled to locate the Ladinian at the base of the Alcaraz 
sequence, and the Norian in the evaporitic rocks that 
constitute the uppermost part of the sequence. The 
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position of the Carnian can only be inferred from cor­
relation with the better dated Triassic sequences of the 
pre-Betic (Fernandez & Dabrio 1985). 

The sequence sampled at Alcaraz comprises up 
to 160 m of flat-lying continental red beds capped 
by an evaporitic succession. This sequence has been 
divided into three depositional sequences by Dabrio 
& Fernandez (1986). The first depositional sequence 
(Ladinian) comprises the lower 75 m of the succession 
and is mostly formed by lenticular, channelized sand­
stone bodies and flood-plain mudstones with interbed­
ded sheets of thin sands and micritic carbonates. It rep­
resents the typical Buntsandstein facies of the south­
ern Meseta. The second depositional sequence is about 
20 m thick and shows a similar sedimentary succession 
but with a greater development of ferruginated and bio­
turbated palaeosols. Its age cannot be established with 
precision but contains the Ladinian-Carnian boundary 
(Dabrio & Fernandez 1986). The base of the third 
and uppermost sequence corresponds to a thick (15 m) 
tabular sandstone body of great lateral continuity that 
represents the K2 Keuper unit in the area and has an 
assigned Carnian age (Fernandez & Dabrio 1985). 

Sixty-six drilled samples and four hand samples 
were initially collected from six sites corresponding to 
the two uppermost units. Samples from sites AZl and 
2 were collected from the thick sandbody located at 
the base of the K2 unit. Samples from sites AZ3 and 4 
are located stratigraphically several metres below K2 
whilst AZ5 and 6 are located above. A total number 
of 35 fully thermally demagnetized samples from sites 
AZ2, 4, 5 and 6 were used in this study. The rest of the 
samples either did not survive transport (AZ3 samples 
were very friable) or showed inconsistent palaeomag­
netic results (initial intensities were very low in AZl). 

Initial NRM-intensity values ranged from 0.2 to 
8 mNm. Initial susceptibility values ranged between 
1 and 5 x 10 - 5 (SI). Thermal demagnetization of 
Alcaraz samples showed the existence of a high­
unblocking-temperature component responsible for 
most of the NRM in the sample. Two different behav­
ioural types were observed during thermal demagneti­
zation. In most cases demagnetization is very sudden 
(Figure 6e, sample AZ5.09a). Thermal demagnetiza­
tion can also be gradual. In those cases, the high­
temperature component starts to unblock between 500 
and 550°C (Figure 6f, sample AZ6.lla). The maxi­
mum unblocking temperature is 675°C. We interpret 
this component as mainly carried by haematite, on the 
basis of its high-unblocking-temperature distribution. 
We also interpret this component, that dominates the 

Alcaraz samples, as the characteristic Triassic rema­
nence of the samples. 

Alcazar de San Juan (Ladinian-Carnian) 

The Alcazar de San Juan rocks constitute the north­
ernmost Triassic outcrops of the Triassic Continental 
Domain in the southern Meseta (Figure 4a). Here, the 
Triassic sedimentary sequence also comprises a flat­
lying succession of interbedded mudstones and sand­
stones capped by the typically evaporitic deposits of the 
uppermost Keuper. The stratigraphy has been studied 
by Sopefia (1981) who defines a number of units that 
can be correlated with those of Fernandez & Dabrio 
(1985) on the basis of the easily recognizable K2 unit. 
Consequently the age of the Alcazar de San Juan sites 
can be constrained to the Ladinian and Carnian stages. 

Two sites have been sampled (Figure 4c). We 
intended to collect the samples at the same sites as those 
of Van der Voo's (1967) study in order to verify his 
data. Our samples have been thermally demagnetized 
(only AF demagnetization was used in the previous 
work). Our palaeomagnetic results are based on bet­
ter constrained stratigraphical positioning so they can 
be compared with the Alcaraz and Cuevas de Ayll6n 
sequences. The sampling sites (ARl and 2) are located 
at the El Doncel windmill and N240 road respective­
ly, probably very close to Van der Voo 's (1967) site_s. 
Nine ARl samples were drilled from the thick sand­
stone bodies of the K2 unit. The nine samples drilled at 
the AR2 site were located in a sandy horizon cropping 
out a few metres above the K2 unit. 

The initial intensities ranged from 0.7 to 7 mNm 
and initial susceptibilities from 1 to 8 x 10-5(SI). 
Thermal demagnetization showed a slow but consis­
tent decrease in low-field magnetic susceptibility up to 
500°C. ARl samples undergo an important increase 
between 500 and 600°C, decreasing rapidly after­
wards. The susceptibility decreased constantly for the 
AR2 samples but drops slightly faster at around 600°C. 

Thermal demagnetization of ARl and 2 samples 
showed a similar behaviour. Two directionally stable 
components were identified after removal of a viscous 
component of magnetization. The first stable compo­
nent unblocks between 100 and 300°C. Between 300 
and 600°C the magnetization does not decrease sig­
nificantly, with most samples showing a stable clus­
ter of points in this interval. A higher-temperature 
component suddenly unblocks at 600°C and is com­
pletely destroyed above 700°C (Figure 6g). The high­
temperature component is interpreted as the character-
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Table 1. Summary of palaeomagnetic poles and directions obtained in this study. 

Before tilt correction After tilt correction V.G.P. 

Locality Age Code N Dec (0 ) Inc(0 ) k 0'95(0) DecC°) Inc(0 ) k 0<95C°) Lat PC°) Long P(0 ) P Lat(0 ) 

Atienza 275-299 Ma IA 48 341.5 4.6 50.0 2.9 342.7 7.5 64.2 2.6 49.6 204.6 3.8 

lAl 12 163.9 0.5 192.0 3.1 160.6 - 9.1 192.4 3.1 

IA2 12 166.0 -0.4 48.9 6.3 164.5 -4.0 48.9 6.3 

IA3 12 156.7 -13.9 109.0 4.2 163.0 -3.9 109.5 4.2 

IA4 12 159.3 -4.5 48.5 6.3 162.7 -13.2 48.4 6.3 

Molina AN-LAD MA 89 348.6 7.1 10.9 4.8 346.8 15.8 12.3 4.5 55.1 201.4 8.0 

MAl 57 348.6 0.7 16.8 4.7 347.1 10.0 16.8 4.7 

MA2 26 348.8 28.8 18.3 6.8 343.6 34.0 18.3 6.8 

MA3 6 347.8 -26.1 14.2 18.5 351.5 -8.3 13.2 19.2 

Alcaraz LAD-CAR AZ 35 0.7 17.0 22.9 5.2 0.7 17.0 22.9 5.2 57.9 175.6 8.7 

AZ2 5 356.1 29.1 8.0 28.9 356.1 29.l 8.0 28.9 

AZ4 10 7.0 13.5 38.3 7.9 7.0 13.5 38.3 7.9 

AZ5 11 357.9 19.l 28.4 8.7 357.9 19.1 28.4 8.7 

AZ6 9 359.3 11.7 58.3 6.8 359.3 11.7 58.3 6.8 

Alcazar LAD-CAR AR 16 353.9 23.3 10.7 11.8 353.9 23.3 10.7 11.8 62.1 189.8 12.5 

ARI 8 6.6 24.0 9.4 19.0 6.6 24.0 9.4 19.0 

AR2 8 342.1 21.7 18.8 13.0 342.1 21.7 18.8 13.0 

Ayllon CAR-NOR CA 30 348.9 48.1 19.5 6.1 352.0 23.4 19.5 6.1 60.1 192.3 12.2 

AN = Anisian, LAD = Ladinian, CAR = Carnian, NOR = Norian. The age of the Atienza site has been established radiometrically 
(Hernando et al. 1980). Ages of the other sites have been obtained biostratigraphically. N = number of samples; k, a 95 =Fisher statistical 
parameters; VGP = virtual geomagnetic pole; Lat PI Long P = latitude/longitude of palaeomagnetic pole; P lat = palaeo latitude. 

istic Triassic magnetization carried by haematite. This 
component shows positive inclinations and spreads 
between north and NNW. Occasionally a few speci­
mens may appear completely remagnetized. This dis­
tribution is similar to that found by Van der Voo (1967). 
The mean computed direction of both sites is also com­
parable to that of Van der Voo (1967). 

Cuevas de Ayll6n (Carnian-Norian) 

Cuevas de Ayll6n is located in the westernmost mar­
gin of the Iberian Ranges, at the intersection with the 
Central System (Figure 3a). Sampling was carried out 
along a large stratigraphical section of Upper Triassic 
rocks dipping 25° towards the north (Figure 3c). The 
Keuper section at Cuevas de Ayll6n mostly consists of 
a thick sequence ( > 120 m) of interbedded mudstones 
and sandstones. Thirty samples were drilled from red­
coloured fine-grained sandstones of the central 30 m 
of the section. The age of this formation has been 
established as Carnian-Norian on the basis of Carni­
an palynological assemblages found in the underlying 
Muschelkalk unit in this area (Hernando 1977, Doub-

inger et al. 1978) and because it is stratigraphically 
capped by Lower Jurassic dolomites. These samples 
constitute the youngest material collected in this study. 

The initial NRM intensities ranged from 3 to 
7 mA/m and initial susceptibilities from 5 to 25 
x 10- 5(SI).Thermal demagnetization of the samples 
showed a progressive removal of the NRM intensi­
ty up to 675°C. Most samples showed at least two 
components of magnetization, thermally distributed 
in the low and high-temperature spectra. The low­
temperature component is destroyed between room 
temperature and 550°C. This component always shows 
normal polarity and a mean direction close to the 
present-day field direction before tectonic correction. 
It is interpreted as an overprint. The high-temperature 
component unblocks between 575 and 675°C (typical 
of a haematite carrier), and shows normal and reversed 
polarity directions that are antipodal in bedding coordi­
nates (Figures 6h, i). Mean directions of normal polar­
ity (N = 14, Dec= 354.0°, Inc= 26.5°, k = 31.5, 0:95 

= 7.2°) and reversed polarity (N = 16, Dec = 170.2°, 
Inc = - 20.5°, k = 14. 7, a 95 = 10.0°) coincide for 
a confidence level of 95%. This component passes a 
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reversal test for a confidence level of 95%. The statis­
tical method to compare the mean direction of the two 
populations is that proposed by McFadden & Lowes 
(1981). In this case the statistical parameters are: f == 

0.071 < F == 0.113. We consider the high-temperature 
component as the Triassic characteristic magnetization 
of these rocks. 

Discussion of the results 

Table 1 summarizes the palaeomagnetic data obtained 
by this study. Samples from localities AZl and 3 were 
discarded on the basis of the reasons explained in the 
previous section. 

The palaeomagnetic data obtained for Alcaraz and 
Alcazar de San Juan in the southern Meseta, and for 
Cuevas de Ay llon in the northwestern margin of the 
Iberian Ranges are sufficiently close in time to allow 
some degree of comparison between their poles. Con­
sidering this and the fact that these three poles are sta­
tistically indistinguishable, we can conclude that the 
Cuevas de Ayllon area forms part of Stable Iberia. A 
similar reasoning can be applied to demonstrate the 
stability of other areas in the Iberian Ranges. Atienza 
is quite close to Cuevas de Ayllon (Figure 3a), forming 
part of the same morphostructural unit of this part of 
the ranges, and displaying a similar deformation style. 
The pole obtained for Atienza agrees well with Van 
der Voo's (1969) data from Viar in the southern Mese­
ta (Table 2). This also supports that this area is part of 
Stable Iberia. 

The Molina de Aragon region is located in the 
Castilian Branch of the Iberian Ranges (Figure 3a) 
where tectonic stability is questionable. One of the 
stratigraphical sections we sampled in this region was 
the Rillo the Gallo section. The lower part of this sec­
tion consists of organic-rich mudstones, sandstones 
and limestones interbedded with thick volcanoclas­
tic beds that have been biostratigraphically dated as 
Autunian (Ramos et al. 1986). The Autunian (Ear­
ly Permian) palaeomagnetic pole obtained by Turner 
et al. (1989) from this section is statistically indistin­
guishable from the andesites pole of Late Carbonifer­
ous to Early Permian age of Atienza obtained in this 
study. Consequently, the Molina de Aragon region can 
also be considered as Stable Iberia. From what has 
been discussed above we can also conclude that all 
the poles obtained in this study are representative of 
Stable Iberia. 

Carboniferous~Permian 

Middle Triassic 

Upper Triassic 

180 

This study Other studies 

• 0 

"' 

Figure 7. Polar projection showing the proposed Late Carboniferous 
to Late Triassic segment of the apparent polar wander path of Iberia. 
Solid symbols indicate the new data presented in this paper and listed 
in Tables 1 (full statistics) and 2 (summary). Open symbols indicate 
the data taken from other authors and listed in Table 2. 

The palaeomagnetic data taken from other authors 
and used in this paper to construct the Late Carbonif­
erous to Late Triassic segment of the APWP of Iberia 
are listed in Table 2. In this table, we have cautious­
ly discarded the Permian and Triassic poles from the 
Cantabrian Cordillera because its stability has not been 
adequately demonstrated yet. We have also exclud­
ed the Triassic data from the Catalan Coastal Ranges 
because they have been interpreted as the result of 
about 20° of clockwise rotation (Pares 1988; Pares et 
al. 1988). In turn we have included the Late Triassic 
pole from the southern Meseta (Pares & Dinares 1994). 
The palaeomagnetic poles presented in this study also 
confirm the Late Triassic pole of Van der Yoo (1967). 

Figure 7 shows the palaeomagnetic poles consid­
ered in this study to define the Late Carboniferous to 
Late Triassic section of the APWP of Iberia. These 
data show a gradual and consistent change in latitude 
and longitude and thus present a coherent segment of 
the APWP of Iberia for this period. 
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Table 2. Summary of palaeomagnetic poles considered for the Late Carboniferous to Late Triassic segment of the APWP 
of Iberia shown in Figure 7. 

Location Age 

This study 

Atienza (Iberian Ranges/C. System) 275-299 Ma 

Molina (Iberian Ranges) Anisian-Ladinian 

Alcaraz (Southern Meseta) Ladinian-Carnian 

Alcazar (Southern Meseta) Ladinian-Carnian 

Ayll6n (Iberian Ranges) Carnian-Norian 

Other studies 

Viar Intrusions (Southern Meseta) Stephano-Autunian 

Bucaco (Northern Portugal) Stephano-Autunian 

Rillo de Gallo (Iberian Ranges) Autunian 

Alcazar (Southern Mes eta) Late Triassic 

Southern Meseta Late Triassic 

Conclusions 

The Late Triassic palaeomagnetic poles obtained 
in this study confirm Van der Voo's (1967) pole 
for Alcazar the San Juan. Schott (1988) considered 
this pole as an anomalous direction. 

Comparison of the palaeomagnetic results from the 
western Iberian Ranges with data of similar age 
from the Meseta indicates that the areas sampled 
in the Iberian Ranges form part of Stable Iberia. 

The palaeomagnetic data obtained in this study, 
combined with a revision of previous palaeomag­
netic results, allow to define the Late Carbonifer­
ous to Late Triassic segment of the Apparent Polar 
Wander Path for Iberia. 
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49.6 204.6 2.6 

55.1 201.4 4.5 

57.9 175.6 5.2 

62.1 189.8 11.8 

60.1 192.3 6.1 

43 211 6 Van der Yoo (1969) 

36 211 7 Van der Yoo (1969) 

49 193 9 Turner et al. (1989) 

63 178 3 Van der Yoo (1969) 
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