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W7
correlation problem

North-western Cainozoic record: present knowledge and the

A.MARTIN-SERRANO. R. MEDIAVILI.A AND JT. SANTISTEBAN

Abstract

Tertiary deposits of the north-western [berian Peninsula
are heterogeneous because Lhey occur in scveral morpho-structural
positions asisoluled and dispersed basins and outcrops. The qualily
of the palacontological record is usually very poor and there are
scarce data. Correlation depends on a wide range of criteria which
arc not always equivalent: palaeontology, rineralogy and petro-
logy. geomorphology, lectonics and comparison with beiter-known
and better-dated facies in regions ncarby. The resutts lack
homogeneity and thcre arc notable discrepancies.

Introdnction

Tertiary sediments of Galicia, Bierzo and the Cantabrian
Range (north-westcrn Spain) occur in small basins and isolated
outcrops.

Galicia Basins

Many geogruphical fcaturcs and the Tertiary basins of
Galiciaare related Lo [dult-systcms trending N-S, NNLE-SSW. NE
SW, E-W and WNW NW-ESE SE (Fig. 1).

Lugo Basins

The most important outcrops of Tertiary sediments in
Galicig arc located in l.ugo, between the central peneplain and the
castern mountains. The main basins (Terra Cha, Sarria und Mon-
forie) are asymmelrical: Tertiary sediments rest unconformably
upon Palaeozoic rocks in the west and arc scparaled from crystal-
line basement (igncous rocks) hy N20-30 and N50-60 faults (Fig.
24,

The scdimentaryfillsof the Sarria and Monforte basins, up Lo 260
m thick, have been divided in various stritigraphical schemes (Birot
& Solé, 1954; Brell & Doval. 1974, 1979; Virgili & Brelt. 1975;
Martin-Serrano. 1979, 1980, 1982; dcl Olmo, 1986; Vergnolle. 1984,
1985, 1987. 1990) with several lithostratigraphic units which were
grouped into thc Montcforte Formation (Vergnolle, 1988). The

sedimentary record of the larger basins includes two superposcd
megascquences of opposed trend (Figs. 3, 4), hut it is difficult to
differentiate these trends in the smaller, moderately subsiding
basins. The lower. {ining-upwards megasequence compriscs:

— Green arkoses with minor clay matrix (smectite)
arranged in channel-form bodies separated by mud
layers. These are intcrpreted as the deposits of rivers
that Aowed from the granite area of
Villalba—Chantada.

— Red-green alluvial-fan conglomerates. Thuse are
deposits of small. but thick. alluvial cornes rooted in the
metamorphic and granilic source areas of the castern
cdges of the basins.

— Banded. red-green indurated clay series in the areas
where the arkoses and conglomeraltes coalesce. This
facies is morc extensive upwards and there is also 4
progressive
the generation of dolomitic crusts associated with
palygorskite and sepiolilc (Sarria Basin).

The upper. coarsening-upwards megasequence contains green
arkosic gravel as the last dcposits of the basins infill.

SE Galicia

Three distinct basins occur in the small tilted (towards the
Sand SE)mountain blocks of Orensc: Maceda, Ginzode Limiaand
Verin.

Macceda is a complex, 160 m deep. half-graben bounded to the
NNE by a large fault scarp. The lithofacies wre diflerent from those
of the L.ugo basins: the largest parl of the basin fill is a fining-
upwards fluvial unit of finc-graincd sediments (Dcl Corno and Dc [4
Vega Members ol Brell. 1975: Dc tos Milagros Member of del
Olmo. 1986). Thcy are white, grey and ochre ferruginous sand and
¢lay (55-65% kaolinile) with organic matier. deposiled in (luviatilc
environments. The marginal sediments are red muddy sands and
gravel. comparable with one of the lithofacics of the Monforte
Formation; they are interpreted as alluvial-fan dcposits related to
the lectonic activity of the border.
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Fig. 1. Morphustructural situation of the north-western Tertiary. I: Palagozoic basement and Mesozoic:

relief contours.

The Ginzo de Limia Basin is a sub-Recent tlectonic trough
bounded by N70, N-S and NI20 laults and filled with alluvial
sediments. The fil} consists of 250 m of Tertiary sediments. includ-
ingalignitc and clay laycr, located between 80-130m in depth. and
interbedded berween two thick sandy series (IGME, 1979-1984).

The narrow Verin Basin, in the morphostructural region of Tras-
Os-Montcs. reaches a maximum depth of {90 m and is filled with
red and grey clay. sand and gravel.

Littoral Basins

These are small. isolated outcrops Some of them are
related Lo a structural corridor (the so-called Depresion Meridiana,
Nonn, 1966): Porrine, Deva and Salvatierra. Other outcrops
{Fazaouro Formation} arc locatcd on thc Cantabrian sidec {Mou-
cide. Burela and f.orenzana), and they are interpreted as a pied-
mont (Vergnoile. 1988) made up of finc siliciclastic scdiments

2: Cainozoic: 3: Morphoetectonic lines: 4: Isohypses of

related 1o a regressive cpisode. These are sideralithic Tacics, with
maturc constituents from a mineralogical and petrological point of
view: kaoliniteand unalterable minerals. They arc comparable with
Maceda. Ginzo de Limtia. Pucntes de Garcia Rodriguez and
Mcirama basin fills. The Meirama Basin contains the best deve-
loped Cainozoic record ol these ficies,

The basins of San Saturnino-Pcdroso-Mogche-Pucntes—Rou-
par-Moibonovo and  Lendo-Mcirama-Visantiia-Juanceda
Lauza—Orros—Boimil arc related to dextral faults (Fig. 5) that
strongly infiuenced the scdimentation (Maldonado. 1977: Garcia
Aguilar, 1987; Monge, 1987: Bacelar ¢r /.. 1988. 1991 ; Santanacher
al., 1988). They were small. complex, compartmentalised. asym-
mectrical and strongly subsiding basins {Fig. 6) filled with green.
grey and blue kaolinitic muds and sands. In some basins (Pedroso.
Puentes de Garcia Rodriguez. Roupar, Juanceda and Meirama)
there is lignite as well. They were tilled by small alluvial and fluvial
systems associatcd with lacustrine and paludal environments {lig-
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Fig. 2. Tertiary basins in eastern Galicia. 1. Igneous rocks; 2. I*alacozeic and
pre-1*alaeozoic basement: 3. Cainvevic.

nitc and carbonaceous clays) and were controlled hy their structural
evolulion. Succcssive cxtensional or compressional phases in the
basin of I"'ucntcs were recorded as expansions and retractions of (he
lignite beds. Equilihrium between subsidence and sedimentalion
favourcd the development of thick coal deposits in the Mitamar
Basin (Santanach er a/.. 1988).

Sil corridor

This is the depressed axial arca of a NE SW.trending
mountain systcm. The complex Bierzo Basin (Fig. 7). is thc most
important Tertiary development. It is a depression with two large
basins (Ponferrada Villafranca and Rembhihre) surrounded by
secondary subbasins Lo the north (Parradaseca, Finollede, Fahero

239

o ' - LT

Fig. 3. Lithestratigraphy of the main basins of Lugo Province (frem vergnolle.
198R). 1. Basement; 2. faults; 3. Cainozoic deposits; a: brecclas; b: conglomer-
ates; ¢: arkoses: d: clays: e: dolomltic crust: I: blocks of infitl: 4: Quuternary
alluvial sheet.

and Noccda) and south (Las Médulas and Carucedo). The other
southern dcpressions (El Barco de Valdeorras, La Rua, Quirogs
and Quintela) arc small, narrow. fault-bounded deep basins.

The up 10 700 m thick sedimentary fill ofthc Bicrzo Basin can be
divided into several units (Iig. K) (Vidal Boix. 1941, 1954; Birot &
Solc. 1954; Pannekoek & Sluiter. 1964; Dclamire-Bray, 1977:
Hcrail, 1979, 1981, 1984) which serve as a modcl for the remaining
Sil basins:

— Toral Formation: fluviatilc gravcl and sands and palu-
dal limestonc and dolostoncs (crusts). These are grecn
to pink polymictic smectutic-rich sediments with felds-
par, micas and polymineral grains. Sourcearcasarc far
away (o Lthe wesl with a fcw local sources (Fig. 9).

- Santalla Formation: beige-ochre or grey-red stliciclastic
conglomeratcs and muddy sands deposited in con-
tinuously flowtng, high-compclence fluvio-torrential
alluvial fans.

Las Médulas Formalion: matrix-rich siliciciastic gravcl
with boulders, deposited in high-competence. intcr-
millently flowing. alluvial fans.

-~ Thescdeposilsare topped by a wealhered rania-like sheet
of gravel.

All Sil basins underwent a similarevolution as wilncsscd by the
similarity of their sedimentary records. The @uiroga Forination
forms the lowcr infill of the Sil basin. and is laterally equivaient to
the Toral Fornation; the overlying Monforle Formalion has
fluvial faciescomparablc with the Santulla Formation (Figs. 10 und
.

Morphotectonic features are evidenl in the Bierzo Basin (NE-
SWund E W borders) and all alongthc Sil Vailey (with narrow and



Fig. 4. Palecogeagraphical recorstruction of Lhe basins filled by the Monforte
tormation (simplified fram Vergnelle, 1988).

deep N50-60 and N 140 basins) (Birot & Sole, 1954; de¢ Grool. 1974,
del Olmo, 1986: Vergnolle. 1988). The infill of all these small basins
shows a coarsening-upwards scquence. Strong deformation can
also be seen afiicling the Toral or Quiroga IFormations. This
deformation has not affccted younger sediments such as the San-
talla or Las Médulas Formations. The former arc syntectonic
deposits synchronous with the opening of the Bicrzo Basin and
T.ugo basins.

Asturias outcrops

The Cantabrian Range, an old massif uplifted and
dcformed from [.utetiin to Ncogene times. is divided into mountain
massifs,

Surco Prelitoral (pre-littoral furrow) is a tectonic scar with frag-
ments of Permian and Mesozoic rocks that contains almost all the

A. Martin-Scrrano. R. Mcdiavilla and .I.1. Santisteban

regional Tertiary record in discontinuous outcrops {La Espma.
Grado. Oviedo. Infiesto, . . .) with a relative concordance of facles
(Liopis Llado & Martinez Alvarcz. 1958, 1959, 1960: EGME, 1979~
84, 1986: Truyols er al.. 1991).

The continental Tertiary deposits, up to 250 m thick, between
Owiedo and [nficsto rest upon the karstificd top of Upper Creta-
ceous carbonalte rocks. They can be divided into two units (Truyols
etal.. 1991): alower mud unit with ycllow-red or grey-green sands s
overlain by red-yellow cluys and marls with calcareous sands and
breeciated timestonc rich in gastropods and ostracads of Oligocene
age. To the north. these two units change laterally into calcareous
gravcels and breccias (Pudinga de Posada).

Three units have been difierentiated in Grado:

A lower fining-upwards scquence of conglomerates and
sandstonc with carbonate cement and laminated, hur-
rowed muds of braided river origin.

— A thick intermediale coarsening-upwards unit of clay
and laminated mud passing upwards into conglomcr-
ates and sandstone with intercalations of laminated.
burrowed muds. This is interpreted as sediments of
cphemeral river systems and flood-plain deposits
including limestone and marls.

—T'he top of the section consists of alluvial-fan, massive
gravel. supplicd from the south.

The westernmost fragments of this Tertiary Asturias l3asin occur
isolated and perchcd high ncar Pola dc Alande. They are alluvial-
fan dcposits that change upwards to fluvial facies; they are related
to a structural line. The proximal fan facies are massive gravels with
sands and hurrowed muds; distal fan and fluvial facies consist of
gravels, sands and green burrowed muds (IGME. 1986).

All these aucrops are the remainsof a unique basin that cxtended
from easl 1o west with un activc northern boundary { /ranja Mévil
Intermedia) which governed scdimentation and strongly inluenced
the terminal teciofacies { Pudinga de Posada). Faults broke up the
outline of the basin and parts of it werc croded some time
afterwards.

Straligraphic correlation, fragmentation, Cainozoic
variety and dispersion

As previously indicated. the Terliary of the north-west is
varied bccause it is located in several morphostructural positions.
which are isolated from cach other, Furthcemore, outcrops are
usually of very poor qualily and thc palaeontological record is
scarcc. As a conscquence, correlation depends on a wide range of’
crileria which are not always cquivalent: palaeontology, mincr-
alogy and pctrology, geomorphology, tectonics and comparison
with better known and datcd facies in regions nearby. As cxpected.
the results fack homogencity and contain notable discrepancies
(Fig. 12).

Palaeontological data arc scarce, frequently confimedrawdiinl deep fluvial

disagrcement with other data; in tact these data play a negative role
because they impose forced correlation. The reason is that the
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Fig. 5. Tcctonic basins of Meirama and Puentes de Garcia Rodriguez with two transverse cross-sections (Pertil-A
of sediments in I’uentes de Garcia Rodriguez basin (from Bacelar ef a/., 1988 and Santnunch e of., 1988). 1: Cainozoic; Palaeozoic, 2: Igneeus rocks: 3;
Quartzites and slates; 4: Schists and other metasediments: 5: Palaeozoic basement; ¢: Conl dominuted inferbedding (siliciclastic beds subordinated): 7:

Silicictaslic alternances (without coal beds); 8: Coalsiliciclastics alternation.

palaeontoiogical assemblages are poor: only some layers of ver-
tebrates and charophytes ncar Oviedo, dated as Rhenanian
Headonian in uge (Truyols er af.. 1991), and palynomorphs in
lignitc beds in the Coruna basins, attributed to the Middle-Upper
Miocene 10 Pleistocene (Medus, 1963; Nonn & Medus, 1963;
Menéndez Amor. 1975. Maldenado. 1977; Araujo er af.. 1988).
Recently. thesc sites also yielded vertchrates of Oligacene~1.0wer
Miocene age (Esteban ef al.. 1989).

The problem is that Cainozoic outcrops show a greal variabilily
ol thickness, [acics, sequential arrangement and petrologic and
mineralogical composition. Such a diversity seems incompatible
with the idea of a unique (and coeval) palaeogeography and

palaeoclimate as especially suggesied by the basins in Galicia. In
some areas, there are siderolithic facics and lignitc (Atlantic basins},
whereas in others, arkosic scdiments dominate (Lugo basins). Is
there a single geological background for all these basins? An
affirmative answer implies that the age ranges between Upper
Oligocene and Neogene and also requires an explanation for the
diversity of facies in terms of lacal palaeogeographical and palaco-
geomorphological features (Birot& Soté. 1954; Nonn. 1966; Brell&
Doval, 1974). If the answer is ncegalive, the diversity has 10 be
explained as the result ol stratigraphic superposition (Fig. 13),
whichimpliesdiscontinuoussedimenlatien in steps and a protonga-
tion of the time-duration of the stratigraphic record (Martin-
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Fig. 6. Structural scheme of Xanccda Basin. Basement isobaths deduced from
etectric and mechanical vertical drillings (from Santanach et a/., 1988).

Serrano. 1982; Vergnolle, 1988). In this second mode. it is possible
o vorrelate the basins of Galicia with the Duero Basin via the
Bierzo Basins.

As with other major geoiogical belts. the north-western Caino-
zoic basins were controlled by several faultl systems leading te the
analysss of the different basing on the basis of particular [catures.
These teatures can be correlated to other lithostratigraphic or
geomorphologic attributes. but these compirisons lead straight
back lo the basic probicm: poor knowledge of the age and succes-
sion of geotectonic and geomorphelogic events due to thc poor
chronostratigraphy of thc associated sediments. On the other hand.
crosion surfaces have been largely obliterated by faulting. For this
reason, a confusing varicly of geotectonic hypothescs have been
proposcd: forexample: that the Pyrenean. Saavicor former Alpinc
phases were responsible for initial tilting and 1bat morc recent
topographic changes and instability (evident through the Neogene)
extends until Plio-Quaternary nmes.

This problero can only be overcome by the combination of geo-
morphologic. tcctonic and stratigraphic studies. Systematic analy-
sis should focus on geomarphologic investigation hecause. in these
Tertiary studies, rclief is not only Lhe palacogeomorphological
context of the basins but also the result of the Alpine geotectonic
framework. ‘This approach makes it clcar how important the study
of weathering profiles, as ‘alterites’ is likely to be. These occur both

A. Martin-Serrano, R. Mcdiavilla and J.1. Santistchan

still resting upon the basement and also incorporated into the
Tertiary sediments, hecausc through time the main bulk of alterites
must have been eroded and incorporated into the basin tills. Theniit
should be possible Lo compare sediments and weathecing profiles
and in consequcnce corrclale them with planation surfaces. With a
special link like the altcrites, we can plan to correlate the lithastran-
graphy of basins with the evolution of relief and vice-versa.
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Fig. 7. Structure and sedimentatinn of Bierzo Basin (from Herail, 1984and IGCME, 1979-1984 and 1986). 1. Basement; 2. Toral Formation: 3. Santalla and 1.as
Meédulus Furmation; 4. uppermost gravels; 5. terraces (Quaternary?); 6. faults; 7. normal fanlts: 8. reverse faults.

0
el

Fig. 8. Lithostratigraphy of the Bierzo Basin filt (from Herail, 1984). 1.
Bascment: 2. gravels: a. monogenic breccias; h. quarmite and sandstone
blocks; ¢. rounded gravels; d. matrix-rich poor rounded gravels: 3. sandy, silty
and muddy facies: a. siectite-rich. feldspar and quartzose sands; b. illite-rich,
schist and quartzose sands; c. illite-rich. quartzose sands; 4. carbonates
{limestones and dolostones): a. isolated concretions; h. massive and tabulsr
levels; 8. rasia, highly altered quartzite pebbles and blocks; 6. sedimentary
discontinuity; a. discordunce; b. lateral change of facies; c. vertical facies
transition; 7. faults,

Fig. 9. Pulacocurrent dicections measured in Lower Mincene deposits of north-
western Iberian Peninsula (Vergnolle, 1988). 1. Basement: a. granitnids; b.
metamorphic rocks; 2. palaeocurrents.
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Fig. 10. Palaeageographical scheme for Quiroga Formation (fram Vergnalle, 1988).
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Fig. §L. Tertiary outcraps in western Asturias (IGVIL. 1979-1984).
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