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W2 Alpine tectonic framework of south-western Duero basin

J.I. SANTISTEBAN, R. MEDIAVILLA AND A. MARTIN-SERRANO

Abstract

The tectonic activity in the south-western arca of the
Spanish Northern Meseta (Ciudad Rodrigo and Ducro basins)
during most of the Tertiary was deterrnined by a transpressive
regime that rcactivated Hercynian to Late-Hercyman faults. The
record of the Alpine Orogeny is complex because the sedimenrtary
record indicales 1 compressive regime in the sour e areas coeval
with the extensional to transpressive regime indicated by normal or
strike-slip faults. This duality is duc to the geotectonic position of
this arca hetween twe compressive areas. the Cantabrian Range
and the Central System. and (he ¢xtensienal Atlantic margin.

Introduction

‘The Duero basin is an intracoutinental basin of cratonsc
type {sensu Sloss & Speed. 1974) bounded by mountain ranges that
evolved relatively independently during the Tertiary (1%ig. 1).

The northern border is the Cantahrian Mountains, made up of
Mesozoic and Palaeozoie rocks affected by thrusts and low-angle
rcverse taults. Its history is related to the Alpine evolution of the
Pyrences.

The castern border is the Iberian Range that cxtends between the
Pyrences and the Betics. the main Spanish compressive orogens.

The southern border is the Central System, bounded by high-
angle reverse and strtke~slip laults of Hercynian to Late Hercynian
age, reactivated during Alpine Orogeny.

The western horder is the Palacozoic mctascdimentary and
igncous rocks of the western Spanish Mcsela. It has a relatively
passive tectonic history but was aficcted by the cvolution of the
Atlantic margin.

South-western border

The south-west corner of thc Ducro basin is at the
junction of two tectonically diflerent borders: one dominated by
reverse aud strike—slip faults {the southern edge), and the other
dominated by vertical, low-magnitude movements (the western
border). The morphological expression of the junction area is a

half-graben oriented NE-SW. and filled with Paleogene and Neo-
genesediments:itis referred Lo as the Cindad Rodrigo Graben (‘Fosa
de Ciudad Rodrigo’).

The “classic” relative chronelegy of alpinc movements is based
upon the assumption that the stratigraphic frameworks of the
Duero and Ciudad Rodrigo basins arc different. Asa conscquence,
many authors consider that the palaeogeographic and tectonic
evolution of thesc two basins was independent (Jiméncz ef af., 1983;
Corrochano & Carballcira, 1983).

However, delailed mapping by the present authors has revealed
similar successions ol Tertiary materials in the Ducro and Ciudad
Rodrigo basins (i‘ig. 2). This implies that thcy were connected
during the Tertiary and underwent a common cvolution (Santiste-
han er al.. 1991: see also Chapter W3).

The Alpine tectonics

Southern border

Thie southern border of the basin can be divided into two
structural domains with difierent tectonic behaviour during the
Alpine Orogeny: the Central System and a series of structures that
will be referrced to as the Border Massif's (Fig. 3).

The Central System
The evolution of the Central System has been explained in
scveral ways: redated to anintracontinental shear zone (Vegas et a/..
1986). as a rhombus-graben (Portero & Aznar, 1984). and related to
thrust nappes or reverse faults (Warburton & Alvarez, 1939; Babin
et al.. 1992; Vicenie er al., 1992). Diverse stages have been cstab-
lished for the Alpine Qrogeny in the northern and southern margins
of the Central System (Portero & Aznar. 1984; Vegas er af., 19%6;
Capote et uf , 1990; Calvo er al., 1991: Vicente ez &/, 1992) (Fig. 3).
Capote e al. (1990) differentiated threc faulting episodes er
stages, and this is the most gencrally accepled division:

fberian Stage: Mean horizontal compression N45-35E
that ended with an almost radial distcnsion with the
same axis orientation. The age coincides with ihe

188
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Fig. 2. Tertiary units of SW Duero Basin. Fossils, 8: Absolute age (Kr/Ar) 58
Ma (Blanco et af.. 1982), 1: Sanzoles and Avedillo {Zamory). 2: Teso de la
Flecha (Salamanca) and Corrades 11 (Zamora). 3: Moiino de Pico and San
Morales (Salamanca), 4: Caniino Fuentes and El Molinn (Cindad Rodrige
Basin), 5 Kl Guijo (Salamanca), 6: Benaventie (Zamora), (Modified from
Sanlistchan er af., 1991.)

Oligocene-Early Miocene boundary. but mevements
affected Paleogene sedimentalion more generally.
Guadarrama Stage: Maximum hvrizonlal compression
N 140-155E that diminished with ume. h 100k place in
the Early Late Miocene boundary (intra-Aragonian
sensu strrcto) and was responsible for the present
reversc horst—graben structure.

Turrelaguna Stage: This was a minor phase wilh compres-
ston N160-200L. probably related Lo the previous one,
Late Mioccne to Qualcrnary,

The dates of these stages were deduced from the sediments of the
closest basins affected hy the faulting. This raises some doubts.
particularly about the northcrn border of the Cenltral System,
because therc 1s controversy concerning lhe age of sediments
aftected by the reverse faults of' the Guadarrama Stage. Some
authors (Cerrales. 1982: Portcro er af., 1982: Corrochitno ef al.,
1983) considcr these sediments as Early-Lale Miocene. whereas
others (Oimo & Martinez-Salanova. [989; Sunlisteban e af., 1991:
see Chapter W3) consider them as Oligocene in age (Fig. 2). The last
dating imwplies thal Lhe Iberixn Stage was pre-Oligocenc (possibly at
the Eocene-Oligocene boundary. 1.e. the ’yrenean phase of Brink-
mami. (931) and thc Guadarrama Stage was Oligocene Early
Miocene (the Saavic phase of Brinkmann, 1931).
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Fig. 3. Previous interpretations of the structural development of the Ceantral
System. Tlie upper diagram shows the location of the main geologic zones: | —
Border Massifs, 2 — iransition zone. 3 = Ceatral System (seasu stricta), 4 —
Western Border, 5 - tertlary deposits (Duero and Tajo hasins), The Jower
three pairs of diagrams compare three dilferent interpretations of tiie struc-
tural development of the area, with structural outline maps oo tiie left, and
crusssectioms on the right ([rom Portero and Aznar, 1984 Vegas e al., 1986;
Warburten und Ahurez, 1989; aml Vincente or af.. 199 2).

The Border Massifs

In the north-western side of the Central Sysiem a few
I'alacozoic structural highs pertaining to the southern border of
Duero basin have survived (Fig. 3). The structure of these massils is
quite different from the Centrul System sensu siricto.

They are bounded by normal or stnke-slip faults with domi-
nanily vertical movements and a configuration of horsts and
grabens that extends NE SW. Thuse fault-blocks were horizontally
displaced by faults trending NNE-SSW and they are atso bounded
by WNW-ESE faults (Fig. 4).

The border massils preserve the best record of the alpine defor-
mation of this arca (Jimenez. 1972: Jiménez, 1973; Corrochano et

Fig. 4. Faulting sketch of Western NDuero Rasin deduced from field work and
teledetectinn studies. 7.: Z.amora. F: Fermaoselle, S: Salamanca, CR: Civdad
Rodrigo. G: Guijiiela. {From Santisteban er al.. in press.)

al., 1983). (Figs. 5 and 6A). Accordingly to Brinkmann’s (1931)
nomenclature the tectonic stages of this arca arc:

- Laramic phase (Late Cretaccous- Palcocene): faulling of

basement affected by the Mesozoic lateritic weathering
profilc.
Neo-Laramic phase (Paleocene-Eocene): high-ungle
fuults (NNE- SSW. NE SW and E-W} bring together
Hereynian and Cretaccous-Palcocenc rocks. Tiltingof
these sediments (owards NI There are normal. strike-
slip and some. scarce, E-W reverse faults with small
displacement.

Prc-Pyrcnean phase (Early- Middle 2ocene): tilting and
sinking of' Lower Eocene scditncots towards N and NE
duc to NE SW and E-W normal 2nd normal-strike-
slip faults.

Pyrencan phase (Upper Eocene-Oligocene): greal reor-
ganisation of the basin related 10 a stage of fuull
reactivation and major uplift of the horders of the
hasin. The horst and graben structurcalso atfected
sedimentary basin. After this time these fracture arcas
are indicated by slight subsidence. The newly created
structural highs were never covered (buricd) by
younger sediments.
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Fig. 5. Location of cruss-sections in Figures 6 and 7.
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Fig. 6. A. S—N cross-section frem Border Massifs towsrds Duero Basin. Note
the horst located ar N which serves as palaeu-threshold along the Oligocene
and Neogene (modified from Santisteban er af.. 1991). B. W-E cross-section of
Western Border: TSU 3 sediments are located in lower positions {han
previous units and are tilted towards the west in rclition to NNE-SSW (aults.

— Saavic phase (Oligocene-Farly Miocene): movements
of NE SW und E-W normal faults that modified the
basin cxtension and tilted previously defined blocks.
NNE-SSW faults lowered blocks towards the west.
Majer uplift in the eastern and south-castern areas
generaled a configuration very close to the present.

— Stainie phasc (Early-Latc Miocene, Pliocene): small
extensional phenomena it lowered blocks towards
the west.

The western border

This border has been considered inactive due to the
scarcily of Tertiary deposits allowing the rccognition of alpine
movements. and the [ragmentation of the old, pliin tandscape.

However. detailed study ol small Tertiary sedimentary oulcrops
and weathering profiles has revealed at least Lhree tectonic stages of
post-Palcocenc. pre-@ligocene and post-Oligacenc ages. Relaied
vertical displacements arc about 100 m {1'igs. 5 and 6B).

The first faulting stage affected igncous and metamorphic rocks
with a supcrimposed lateritic weathering profile and silicification
processes of Mesozmc age. related 10 the 10p of MC tectonosedi-
mentary unit {(MC TSU of Fig. 6). (Upper Cretaceous Palcocene).
Elsewhere. these fauits are fossilised by the sediments of the P1 TSU
{Lower Eocenc): fault movements can he dated as IPaleocene—FHarly
Eocene. However. it may be argued that this is actually the result of
a double faulting process (pre-Palcocene and Paleocene—Early
Eocene).

Sediments of the vounger P3 TSU (Oligocene) are located in
topographically lower positions to the west of the previous unils
duc 1o NNE-SSW and NE-SW fault systems, These struclures
extend to the Valderaduey faulung zone {Martin-Serrano, 1988).
Igneous rocks often show S-C structures, related to these move-
ments. that record nonmal displacements (Dicz Montes. pers.
commun.. 1992). The distribution of scdiments of the 1’3
rclated to these faults. and the displacement of taults by other fault
systems show that these movements are of pre-Oligocene age.

The last tectonic movements recorded here lowered blocks
including Terliary sediments lowards the west, ie. away from
Valderaduey fracture zone. Two stages can be differentiated: a first
subsidenice of the sediments of P3 TSU towards the vast. followed
by rotation (tilting) of blocks and subsidence 10 the west. A
minimim age cannot so [ar be given Lo these movements because of
the absence of younger deposits. They are thought o be of post-
Oligocenc age.

The Ciudud Rodrigo Busin

This is a half-graben hounded to the south by a main NIi-
SWault. Infact, thisis nota single fault buta parallel system cutby
a conjugale (secondary) NNE-SSW systems that displaces the main
system. There are also scarce NW SE and WNW-ESE faults that
displace the fault {(Figs. S. 7A and 7B). The basin bordcr therctorc
has a complex struclural history.

The high-angle dip of the fault plancs makes it very difficult to
deterrnine the true compaonents of moventent, Gracia Plaza ez af.
(1981) and Jiméncz & Martin-Izard (1987) described strike-skp
components, whereas Alonso Gavilan & Polo (1986-87) found
normal components. The accumulated vertical displacement
amounts Lo 300 m (Jiméncz & Martin-17ard, 1987).
components have been [ound so {ar.

The first Alpine movements in the Ciudad Rodrigo Basin.
supposed Lo be of the Laramie phasc, caused domes trending NE-
SW {Mingarro et al.. 1970).

Eocene cannolt be clearly identified due 10 the lack of previous
sediments.

The Ciudad Rodrigo Basin was generated in the Early Eocene hy
the activity of the fault forming the southern boundary.

At the Eocene Oligocene transition. new reactivation of faults
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Fig. 7. Schematic cross-seetions of the Ciudad Rodrigo Basin. A. N-S section
showing the asymmetrical infill of the busin in relation to its southern border.
B. SW-NE sectlon shawing the westward deepening of the basin. Faultdips are
cxaygerated.

lowcred the northern blocks and the basin depocentres shified
towards the north,

A new reactivation at the Oligocene—Miocene boundary (the
Saavic phasc of Brinkmann. 1931) moditied again thc extent of the
busin. Unlike other basins aof the Hesperic Massif there was no
sedimuntary tectofacies
immedrately alter faulting. The basin deposits were not genctcally
rclated Lo the faults, which were buried rapidly alter their
movement

Neogene alpine activity took place sn the western and central
areas of the basin. The main Ncogene phase took pluce belween the
deposition of the Red {Lower Miocene} and Ochire Serics (Middle
Miocenc-P’liocene). Then, a reactivation of NNE-SSW faults
caused vertical movements of scveral tcns of melres. Several
faulting stages have been recorded in the castern areas, where they
break the tep of the Red Scrics. The age of these movements cunnot
be established, bul they show normal-dextral displacement (Gracia
Plaza er af.. 19R81).

Later movements into the basin acted during the Late Miecenc-
Pliocene (Marena. 1991) and until the Quaternary. flowever. their
impertance and magnitude arc less and they clearly indicate
extension.

The Duero Busin

The ‘Tertiary sediments of the Bucro basin sensu stricto
show features that indicate 4 closc rclationship between tectonics
and sedimentation. These¢ fcalurces are fracturcs and anomalous
thicknesses of scdiments rclated to buried fauli systems {Figs, 5 and
6A).

Uppcr Cretaceous 10 Paleocene sedimentation took placc in a
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low-relief landscape with irrcgular topography and a well-devel-
oped weathering profilc.

A younger episode of faulting broke up this homogencous
pattern. This is observed only in the margins of the basin.

Buring Early-Middle Eocenc times. the basin tilted towards the
cast and north-east. Although the surface exprcssion of the faults
was not strong, there were notlable differences of subsidence related
to deep faults.

Inthe transition from Late Llocene Lo Oligocene limes a system ol
horst and graben was generated. and tilling to the east and north-
vast Look place again.,

A small faull episode. and the beginning of tilting to the wesl.
were rccorded at the Oligocene-Earty Miocene boundary.

After that time. faulung took place that was rclated to almost
radial extcnsion. These werce the intra-Miocene and Plio-Quatern-
ary faulting cpisodcs that werc characterised by tectonie su hsidence
lowards the west.

Tectonics and sedimentation

The evidenee tor all these teclonic movements was pre-
served in the straugraphic [ramework of the basin. Itis notcworthy
that the climatic curve records increasing aridity. while scdimentary
successions show a coarsening-upwards trend telated to the pro-
gressive uplift of source areas. Similarly. changes of palacogeogra-
phy in successive units coincidc with lines of possible tectonic
origin. Also. areas of subsidence 1end 10 be defined by lines parallel
to the main {uults.

Palaeodrainage patterns are most useful in interpreting the
tcclonic evolmion. Channels tend 10 flow parallel to Tault strikcs
but. when they flowed at right anglcs Lo lault lines, river deposits
fossilised the faults. The geometry of the resulting units js alinost
tabutar and (his is considcred as an indication of very limited
1cctonic aclivity. Thus, we consider that tectonic activily has been
recorded as changes of palaecogeography relaled Lo subsidence or
local laulting 1n the sedimentary basin. In contrasl. the largest
lcctonic movements occurred near the source areas far away (o the
south.

Synthesis

Tecronic stages

I'rom this work we can dilfcrcutiate the following faulting
eptsades (according to Brinkmann's, 1931, nomenciaturc} (Fig. 2

— Cretaceous Paleocenc: progressive uplift of the Hes-
peric Massif due 1o N~S compression { Laramic phasc),

— Pre-Eocenc: reactivation of NE-SW and NNE-SSW
normaltostrike-slip fau)t systems. ENE-WSW cxten-
sion (Neolaramic phase).

—-Early Eocene-Middle Eocene: Tault favourcd lowering
lowards the NE. Near radial extension (Pre-pyrenean
phase).
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— Late Eocene—Qligocene: generation of NE-SW horst-
graben systems bounded by E- W faults and displaced
by NNE-SSW oncs. Major uplift of bordcrs and
source areas and reorganisation of the sedimentary
basin. ENE WSW extension (Pyrenean phase).

— Oligocene-Early Miocenc: gemtie sinking towards the
north and west favoured by small slip normal faults.
E-W extension (Saavic phase).

Early Miocene Middle Miocene: westward sinking
favourcd hy N-S faults. E-W cxtension {Stairic |
phase).

Late Miocene Recent: continued. pulsating, sinking
towards the west. Near radial extension (Stairic IT and
following phases).

Geod ynamic senting and evolutionar y model

We propose an cvolutionary model for this arca of the
Duero and Ciudad Rodrigo Basins as follows:

Uplift ot'the Hesperic Massit'at theend of the Late Cretaceous. as
a result of the convergence of Iberia and Eurasia. Since then until
the Late Oligocene-Early Miocenc the approach was recorded as
compressive pulses (Paleoccne-Early Eocene, Early Eocenc—
Middle Eocene. Late Eocene Oligocene) directed NNE SSW.
Thesemovements have been recorded in the sedimentary record as
a coarsening-upwards macro sequence. composed of coarsening-
upwards TSUs. reflecting the progressive uplitt of the southern
source areas.

The Iberian and Evroasialic plates welded together in the Mio-
cene and, since that time, behaved as a single plate. The compres-
sion due to the convergence of the African plate caused the last
uplift and modification of the Central System andsouthern borders
of the Duero Basin.

Extension has dominated in the basin since Miocene times,
causing small changes such as little morphological scarps and
modifications of the river drainage pattcrn.

This schemc covers all the main normal and sirike—slip faults
developed during the whole of the Tertiary. To understand this let
us consider the position of thearca in rclation Lo the main Teztiary
plate houndaries. Two areas of lithospheric convergence. the
Pyrenees and the Betic Ranges. limited Lo the N and S the Iberizn
peninsula (Fig. 8). The westernboundary was the divergencearea ol
the Mid-Atlantic Ridge, whereas the castern one was the compres-
sive chain of the Iberian Range. This pattern generated anarea of
minimum compressio n 1o the west that underwent exiension during
most of Tertiary times (Procn¢a Cunha & Pcna dos Reis. 1992).

Another fact supports the differcnt behaviour of the western and
eastern areas: the eastern Central System was thc locus of marine
and coastal sedimeutation during Latc Mcsozotc and Early Ter-
tiary times whereas, at the same time. the Western Central System
was an uplifted, terrestrial realm. According to this, the eastern
areas cxperieneed 4 tnore pronounced uplift during Alpine Orogeny
than the western ones.

Alpine tectonic framework of SW Duero basin
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Fig. 8. Relative position of Iberian Peninsula and Duero Basin relative to main
piate bounduerics. N and S Limits (Pyrenees and Betics) are compressive
domains which actd during the Tcertiary. This situation led to an W-E
extensional regime in western Iberis.

According to the previous rcasoning, wc proposc a hypothesis
basced on Simdon Gomez (1984, 1990):

(a) Maximal compression occurs to the east of the basin
(Pyrenees. Iberian and Belic Rangces). This might produce
an arcuatc deformation of the stress field so that western
areas showed compression directions oblique 1o main
faults. This could generate a Lranspressive regime.
Changes in relation and/or direction ot'siress relaled Lo a
crustal irregularity (hike the Alentejo-Plascencia fault).
Coeval compressive and extension ficlds. Extension pre-
vailed in the study area. This hypothesis implics a change
1 slress relationships but does not require a change in
stress direction.

(b

(c)

(d) Thrust erosion simultaneous with its positioning {as pro-
poscd by Bcaumont et ¢!.. 1992} and passive behaviour of
thc Duero basm. Uinder these constraints, lithospheric
overload produced a frontal furrow and a marginal ridge
{dome) that favourcd verlical instead of tangential move-
ments. Forces acting on a faulied substratum reactivated
older fault lines as ‘normal’ faults. In support of this
hypothesis, geophysical data show a crustal thickening in
the Central System and thinning towards the north-west
(Martin Escorza, 1990; Babin efal. [992).

However. these are merely hypotheses and they now need to he
tested by new studics.,

Conclusion

The sourh-western area of the Spanish Northcrn Meseta
{Ciudad Rodrigo and Duero basins) is characterised by tectonically
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active south and south-western boundarics and a refatively tecioni-
cally passive western border

The tectonic activity in the area during most of the Tertiary was
determined by a transpressive regime that reactivated Hercynian to
Late-Hercynian faults, newly created faults are scarce. The mam
faulting stages have strike-slip to normal components. Brittle
response of the crustal matcrials favourcd faulting instead ol
folding. Howcever, sedimentary units show a coarsening-upwards
trend relared (o accelerated uplift of the source areas locatcd to the
south and south-east. This evideace indicates a compressive regime
tor areas loc.ated towards the east (Central Syslem) during Palco-
gene times. Neogene deposition records extensional regimes.

The teclonic activity stirongly changed the morphology and
boundarics of this arca gencrating and modifying systems of horsts
and grabens.

There is a complex record of the Alpine Orogeny in the arca.
because the sedimentary rccord indicates a compressive regime in
tbhe source areas, cocval with an extetisional 1o Lranspressive regime
indicaled by normal or strike—slip laults. This duality is due to the
geotectonic position of this arca hctween two compressive areas.
the Cantabezan Range and the Central System. and the extensional
Atlantic margen.

The south-western NDuero Basin is considered Lo have beer a
moderatelyactivearea of cratonic type (sensu Sloss & Speed. 1974).
It occupies an intermediate position between the largest arcas of
deformation of the Iberian Platc.
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