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Abstract: The hercynian basement of the Iberian Peninsula exhibits remnants of weathering profiles
that in many cases exceed 20 m in thepth. In the Montes de Toledo region (Central Spain) remnants
of these profiles appear fossilized by the Rafias, which represent systems of alluvial fans and/or
piedmont alluvial plains expanded just before the development of the terrace systems of the curent
rivers. In the region studied there are different levels of Raiias, the highest being some 200 m above
the current drainage system. They fossilize remnants of a deep and old weathering mantle enriched
in smectites. Remnants of similar weathering mantles have been dercribed in other parts of the
hercynian basement fossilized by sedimentary covers of different ages. By contrast the lowest Raiias
are located some 60-90 m below the older ones. They lie on a basement whose palacoweathering
mantle has been eroded. After sedimentation, the Rafias underwent new weathering processes under
more or less acid conditions. In some cases, these processes affected not only the sedimentary co-
vers but also the upper parts of the hercynian basement. These new processes gave rise to: 1) a cer-
tain enrichment in kaolinite and strong leaching of the fine fractions in the upper horizons, 2) the
plugging of pores in the lower horizons, leading to the development of strong hydromorphic condi-
tions and, 3) the destruction of the inherited sedimentary structures
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Resumen: Sobre el zécalo hercinico de la Penfnsula Ibérica aparecen restos de importantes perfiles
de alteracién que en muchos casos sobrepasan los 20 m de profundidad. En la regién de Montes de
Toledo restos de estos perfiles aparecen fosilizados bajos las Raiias las cuales representan abanicos
y/o llanuras aluviales de piedemonte cuyo desarrollo es inmediatamente anterior al establecimiento
del actual sistema de terrazas fluviales. En la regién estudiada se localizan varios niveles de Raiias
estando los mds altos a unos 200 m por encima de los cauces fluviales actuales. Estas Rafias aitas fo-
silizan los restos de un antiguo y potente manto de alteracién rico en esmectitas. Restos de mantos
de alteracién similares al aqui estudiado han sido sefialados en otros lugares de este z6calo hercinico
fosilizados por coberteras sedimentarias de distintas edades. Por su parte, las Rafias bajas se locali-
zan unos 60-90 m por debajo de las mds antiguas, apoydndose sobre un basamento en el que el anti-
guo manto de alteracién ha sido erosionado. Una vez depositados los materiales de las Rafias han
sufrido procesos de alteracién bajo condiciones mds o menos dcidas. Estos procesos han afectado en
muchos casos no sélo a la cobertera sedimentaria sino incluso a la parte mds superior del zécalo her-
cinico fosilizado. Estos nuevos procesos han originado: 1) un enriquecimiento en caolinitas y un
fuerte lavado de las fracciones finas en los horizontes superiores, 2) el taponamiento de poros en los
horizontes inferiores, lo que ha dado origen al desarrollo de importantes condiciones hidromorfas y,
3) la destruccidn de las antiguas estructuras sadimentarias heredadas .

Palabras clave: Geomorfologia, Paleoalteraciones, Basamento Hercinico, Mineralogia, Geoquimica
Martinez Lope M. J., Garcia Gonzdlez M. T. and Molina E. (1995). Relationships between Geo-

morphology and Palacoweatherings on the Hercynian basement in central Spain. A mineralogical
and geochemical approach. Rev. Soc. Geol. Espaiia, 8 (3): 127-136.

The Iberian Hercynian Massif occupies most of the
western half of the Iberian Peninsula (Fig. 1 A). It is di-
vided into a set of tectonic blocks that were unleveled
during the Tertiary by the Alpine Orogeny (Solé and
Llopis, 1952; Parga, 1969). This geological evolution is

the origin of the Tajo sedimentary basin, located in the
middle of Spain and bordered by two elevated blocks of
the hercynian basement: the Sistema Central range to the
North, and the Montes de Toledo massif to the South.
Fig 1, B is a geological sketch of this contact along the
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Figura 1.- (A) Situation of the Iberian Hercynian Massif within the Iberian Peninsula. (B) Geological scheme of the zone where profiles, 1, 2 and

3, were chosen.

Tajo river valley between Toledo and Talavera (Central
Spain). With respect to the latter border, in some areas it
is evident that the Montes de Toledo block overthrusts
sediments of Upper Mesozoic to Lower Tertiary age
(Rodas et al, 1990; Fort et al., 1992; Calvo et al., 1993).
Both the hercynian basement and the Mesozoic-Tertiary
transitional sediments were uncomformably covered by
younger Tertiary deposits. Plio-Pleistocene erosive pro-
cesses are exhuming many palaeo morphologies, structu-
res and features, one of these being the weathering man-
tles developed over the hercynian basement. Profiles 1,
2, and 3 (Fig. 1, B) are three examples.

One of the most typical features of the landscape de-
veloped on the hercynian basement in the central “Mese-
ta” of the Iberian Peninsula is the existence of extensive
piedmont platforms higher than the Quaternary terrace
system and about 150-200 m above current river valleys.
These platforms commonly display a sedimentary cover
3-5 m thick called “Rafia” which overlaps all basements.
Rafias are detritic sediments corresponding to the allu-
vial fans and/or piedmont alluvial plains which develo-
ped during the Upper Neogene and Lower Pleistocene
(Hernandez Pacheco, 1950; Aguirre et al., 1976; Espejo
Serrano, 1987; Martin Serrano, 1991). They stem from
old reliefs developed over the hercynian basement; their
lithology is formed of pebbles and gravels of quartzite
and some quartz, all embedded within a clayey matrix,
more or less rich in the sand fraction, and displaying
strong signs of hydromorphy.

Descriptions and studies of remnants of palacoweat-
hering mantles overlying the hercynian basement and ap-
pearing under covers of different ages have been repor-
ted by many authors (Kubiena, 1954; Daveau, 1969; Rie-
del, 1973; Molina and Blanco, 1980; Martin Serrano,
1988; Molina et al., 1991; Vicente et al., 1991). In the
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northern piedmont of the Montes de Toledo range (Fig.
2) it is common to find remnants of palacoweathering
mantles beneath different sedimentary covers. In this re-
gion the relief is defined by:

- the remains of an old mountain range of Palaeozoic
and pre-Paleozoic series (namely quartzites and slates)
folded during the Hercynian Orogeny. Their summits are
never higher than 1500 m.

- the remnants of a pre-Rafias surface which forms a
pediment sloping to the N. and NE. It is modeled on gra-
nitoids and metamorphic rocks, between 850-700 m in
height. Important inselbergs emerge from this surface.

- the Rafias system, which is situated below this sur-
face, between 800-600 m, sloping towards the main river
valleys.

- the emplacement of the current drainage network of
the tributaries of the Tajo and Guadiana rivers to the N.
and S., respectively.

In the remnants of the pediment and beneath the Ra-
flas deposits the basement is always weathered, the
thickness of the weathered zone ranging from a few me-
ters to more than 20 m. Thus, two main questions arise:
1) what are the relationships among the weathered base-
ment, the pediment surface and the Rafias ? and, 2) is it
possible to distinguish different phases or periods of we-
athering under this landscape?

This work attempts to elucidate these questions.

Description of the Profiles

In the three profiles chosen for this study (Fig.1 and
2) the Rafia deposits rest over different lithologies. Profi-
les 1 (Navahermosa) and 2 (Sangrera) are in the Northern
piedmont of the Montes de Toledo; the former lies over a
deeply weathered basement of granodiorites and the lat-
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Figura 2.- Idealized sketch of the morphostructure of the Northern Piedmont of the Montes de Toledo range, between Toledo and Talavera. The ge-

omoephological positions of the profiles studied are represented.

ter over pre-Cambrian slates (Aparicio Yagiie, 1971; Mo-
reno and Gémez Pérez, 1989), also strongly weathered.
Profile 3 (Torre de Abraham) is located on a piedmont
surface in the interior valleys of the Montes de Toledo.
Here, the basement is formed of Ordovician sandstones
and slates (Martin Serrano and Nozal Martin, 1989)
which are weathered to a depth of no more than 3-4 m.

Over the last few years some studies on the soils de-
veloped in this region have been carried out by different
authors (Monturiol, 1984; Pardo et al., 1993). One of the
conclusions is the “palaeic” character of the soils develo-
ped on the Rafia surfaces.

The profiles studied will be described from top to
bottom according, to-the FAO nomenclature (FAO,
1977). The description of soil colours follows the Mun-
sell system.

The Navahermosa profile.

This is situated on highway 401 close to the village
of Navahermosa (province of Toledo) at an altitude of
750 m. (39°39°25”N; 4°28°10”W). Geologically, in the
profile (Fig 3) two different parts can be distinguished:
1) an upper part formed by the Rafia cover of some 3-4
m thick, and 2) a lower part formed by a weathered gra-
nodiorite at least 5-6 m thick. Westward, the unweathe-

red granodiorite is observed some 20 m below the base
of the profile. This means that the weathered basement is
about 25 m thick.

In this profile the following horizons can be distin-
guished:

Ap (0-0’4 m). Concentration of coarse fractions (peb-
bles and gravels of quartzite) displaying a rind of black
to dark red colours (10 R 3/4) within a sandy yellow (10
YR 7/3) matrix. It is mainly an elluvial horizon.

Btg 1 (0’40-1°5 m). Abundant intergranular clay
fraction of yellow (2’5 Y 7/2) to reddish (2’5 YR 6/2)
hues. Frequent clay coatings arround burrows, on joint
planes and on gravels and pebbles. Coarse to medium
angular blocky structure.

Btg 2 (1°5-3’5 m). Most gravels and pebbles show a
yellowish (2’5 Y 7/6) to greyish (§ Y 6/2) rind with dif-
ferent degrees of disintegration giving rise to a sandy
fraction which is integrated within the matrix of the hori-
zon. Downward, the structure becomes progres sively
coarse blocky to massive and even platy in some lower
parts. Nodules of calcium carbonate may appear in some
parts of the horizon .

Btr (3’5-3’8 m). This is not a continuous horizon.
When present, it is formed of strong enrichment in clay
of greyish olive (7’5 Y 5/3) hues in which it is possible
to find some organic coatings and slickenside planes.
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2 Bw/C (6-11 m). Similar to the previous horizon the
only significant differences being 1) a massive structure
of the weathered granodiorite, and 2) the absence of clay
coating and carbonate concentrations.

The Sangrera profile.

This is located on the right bank of the river Sangre-
ra, about 2 km. south of the village of Espinoso del Rey
(province of Toledo) at an altitude of 720 m
(39°40°50"N; 4°46°13”W). The profile (Fig. 4) compri-
ses a cover of Rafia deposits about 3 m thick and a base-
ment of very weathered Cambrian slates with a visible
depth of 9-10 m. The description of the horizon is as fo-
llows:

Ap (0-0°3 m). Black and dark red gravels and peb-
bles of quartzite, and some quartz, in a sandy matrix, all
with the same features described above.

Btg 1 (0°3-1’5 m). Enrichment in the clay fraction.
Its colour changes fron reddish brown (2’5 YR 4/6) up-
ward to orange (7’5 YR 6/6) downward. The structure
changes from coarse blocky upward to coarse prismatic
downward. '

Btg 2 (1’5-3 m). As in the previous case the pebble
and gravel fractions display the same decoloured rind,
with strong processes of disintegration. The intergranular
clay fraction features drastic changes in colour from red
(10 R 4/8) to yellow (10 YR 7/ 6) and grey (2°5Y 8/1).
The structure has bicome more or less massive.

2 Bwb (3-8 m). Very weathered slates giving rise to a

dffe:5.e Rafa ‘|jd') Eluviation level with black and red gravels and pebbles

¢) Level rich in clay matrix with hydromorphic features

Figura 5.- Scheme of the Torre de
Abraham profile and situation of the
samples studied.

muddy mass in which the schistosity and the structure of
the parent rock is totalaly blurred. Just beneath the Rafia
the dominant hues are yellow (10 YR 7/6) changing
downward to brown (7’5 YR 5/4). Whitish colours appe-
ar related with fisurres and cracks. Downward, a medium
to coarse blocky structure begins to appear

2 Bw/C (8-14 m). Weathered slates showing a blocky
structure in which the schistosity of the parent rock be-
comes progressively apparent. In the blocks it is possible
to distinguish an external zone of 1-2 cm thick of reddish
brown hues (5 YR 5/3) and an internal and yellow 10
YR 7/3) core.

The “fresh” parent rock appears laterally in the river
bed some 13 m below the base of the profile studied.

The Torre de Abraham profile.

This profile (Fig. 5) is located on the secondary road
403, close to the Torre de Abraham reservoir (province
of Ciudad Real) at an altitude of some 660 m
(39°23°05”N; 4°13°50”W). As in the previous cases, it is
formed by a Rafia cover about 3 m thick and a basement
of strongly folded Ordovician sandstones and slates cros-
sed by some quartz veins. The visible basement is about
4-5 m deep. The following horizons can be distinguis-
hed:

Ap (0-0’3 m). As in the previous cases, the clasts of
quartzite with a dark red rind appear within a sandy ma-
trix of a dominant yellow orange colour (10 YR 7/2).
But here the centile of the coarse fraction is bigger than
those observed in the other two profiles.

Rev. Soc. Geol. Espafia, 8 (3), 1995
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Btg 1 (0’3-1’5 m). Cobbles and pebbles of quartzite
are abundant, encompassed within a sandy-clayey mass
of reddish hues (2’5 YR 5/4) which, downward, becomes
orange (5 YR 7/6). The structure of this horizon changes
from blocky upward to massive downward.

Btg 2 (1°5-3 m). Drastic changes in colour affecting
both the clasts and the sandy clayey matrix, ranging from
very red (10 R 4/6) to grey (7°5 Y 8/2). The coarse frac-
tion shows different degrees of disintegration.

2 Bw/Cg (3-5 m). Weathered schists and slates, the
degree of weathering being controlled by the structure
and mineralogy of the parent rock. Here also white co-
lours appear related to fissures and cracks. Upward, the
quatz veins are progressively fractured and diverted from
their original tracks, the fragments being integrated wit-
hin the general mass of the horizon.

2 C (5- 7 m). Folded Ordovician schists and slates.

Analytical Methods

Samples were air dried and passed through a 2 mm
mesh sieve before analysis. Also, the clay fraction (< 2
wm) was separated. Analytical studies have been perfor-
med on both fractions: < 2mm and <2um. Mineralogical
studies have been carried out by X-ray diffraction (XRD)
with a Philips PW1130 diffractometer (Graphite mo-
nochromated Cu-Kol radiation).

XRD patterns were obtained from random powder
and the following oriented aggregates: a) air dried, b)
ethylene glycol solvated, c) glycerine solvated, d) heated
to 300° C for 3 hours and e) heated to 500° C for 3 hours.

Semiquantitative estimations of quartz, feldspars, go-
ethite, hematite, calcite and total phyllosilicates were ob-
tained from the XRD random powder patterns integra-
ting the area of the peaks at 4.26, 3.25, 4.17, 2.69, 3.03
and 4.4 A, respectively, and using the intensity factors
given by Schultz (1964) and Biscaye (1965). Kaolinite,
Ilite and 14 A minerals were estimated in a similar way,
using the oriented aggregate patterns (peak areas at 7.2 A
for kaolinite, 10.0 A for illite, 14.0 A for vermiculite,
29.1 A. for interstratified chlorite-smectite, 16.9 A for
smectite in ethylene glycol solvated aggregates and 14.0

M. J. MARTINEZ LOPEZ y otros

Table I: Semiquantitative mineralogical composition (% wt. between
samples). Navahermosa profile. Ph = phyllosilicates; Q = quartz; F =
feldspars; C = calcite; G = goethite; H = hematite; S = smectites; 1=

illite; K =kaolinite; t= traces; — = not detected

Phyllosilicates

Sample Ph Q F C G H S | K
NHG 69 25 — — 5§ 1 25 12 32

E NH5 63 34 — ~— 4 — | 4 5 16
N NH4 61 30 — 7 2 — | so 3 8
&1 NH3 68 27 5 — — — | 65 2 t
‘g NH2 60 31 9 — _— _ | 28 3 t
“ 1 NH1 48 33 19 — — —| 30 17 t
NH6 95 — . _ 5 — | 33 29 33
E1 NS % — — _— 4 —| 6 o 2
v | NH4 95 — — 2 3 —| ®& 7 7

(=]

g NH3 00 — — — — | 99 t t
= NH2 00 — — — _ —| 8 7 8
NH1 100 — — — — __| 66 28 6

A for chlorite in oriented aggregate heated to 500° C).

Quantitative determinations of elements were carried
out by X-ray fluorescence spectroscopy on pressed-pow-
der pellets, using international rock standards for calibra-
tion. The Ko lines were measured on a Siemens SRS 300
sequential spectrometer (Rh end window tube) equipped
with a PDP 11/23 microcomputer.

Discussion of the results.

In the analytical methodology we only studied the <
2 mm fraction (coarse fraction) and the < 2 pum fraction
(fine fraction).

The mineralogy of the < 2 mm fraction of the weat-
hered granite in the Navahermosa profile (Table I) indi-
cates a progressive decrease in the feldspar content up-
ward (samples NHI, NH2 and NH3). Smectite is the do-
minant phyllosilicate, and is especially abundant near the
contact with the Raila cover (sample NH3). Carbonate is
accumulated at the base of the Rafia (sample NH4) in the
form of calcite. As expected, a small amount of kaolinite
was detected in this smectite-rich environment.

Within the Rafla sediments kaolinites are common

Table II: Analytical results (% wt.)

Sample Si02 ARO3 Fe203  Mg0 Ca0 k20 P205 TiO2 MnO Na20
from the Navahermosa profle.
c NH6 | 4854 1595 1236 090 083 110 0.14 066 0.10 0.36
£ [ NH5 | 5247 1518 792 130 1.02 072 005 0.61 0071 0.35
V| NH4 | 4786 1268 738 245 9.06 0.92 003 048 003 o34
-,‘-:3 NH3 | 5738 13.09 461 3.54 1.57 2.16 003 050 001 0.99
fé NH2 | 60.19 1284 321 194 097 3.94 007 049 002 177
NH1 [ 60.18 1258 4.11 1.91 112 411 021 048 0.03 1.76
NH6 | 49.21 3078 11.55 1.22 111 1.37 061 0.86 0,02 0.83
€ | NH5 | 5224 2810 11.52 1.70 1.41 083 052 069 0.01 0.79
V| NH4 | 5649 2255 973 3.53 2.66 097 079 052 0.03 085
,§ NH3 | 6269 2129 760 4.69 201 070 027 034 0.01 0.70
§ NH2 | 59.060 23.96. 588 377 1.76 059 145 020 0.01 1.11
NH1 | 56,92 2588 677 3.23 1.30 099 1.11 051 0.05 0.96
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minerals and smectites have been strongly leached (< 2
um fraction). The absence of feldspars in this cover (< 2
mm fraction) can be explained in two ways: 1) the sour-
ce of these sediments had already been affected by a
strong pre-Rafia weathering, or 2) once these sediments
had been deposited, they underwent post sedimentary
weathering processes. In support of this second hypothe-
sis is the fact that the Rafia shows clasts of resistant
components (quartzite and quartz), although there are
large amount of slates in the source areas. Moreover,
pebbles of weathered schists and slates can be found in
some Raifias. These clasts disappear upward in the profi-
le. The content in oxi-hydroxides is also related to the
cover, increasing upward and with hematite appearing
only at the top.

On comparing the data from Tables I and II it is clear
that a certain amount of iron oxides in the weathered base-

Phyliosilicates

Sample Ph

@

133

The decrease in potassium upward in the weathered base-
ment (Table IT, < 2 mm fraction) is in agreement with the
decrease in feldspar contents (Table I, < 2 mm fraction).

The mineralogical data of the coarse fraction (< 2
mm fraction) of the Sangrera profile (Table III) clearly
point to the two different parts of the profile: the slaty
basement (samples RS1 to RS4) and the Rafia cover
(samples RS5 and RS6). In the basement, there is a high
proportion of phyllosilicates, mainly illite and smectite
and an interstratified chlorite-smectite. In the clay frac-
tion (< 2um fraction) the high proportion of smectite in
the lower parts (samples RS1, RS2 and RS3) is related to
a low content in illite and kaolinite. Sample RS4 differs
in its high content in kaolinite and a decrease in smectite,
near the base of the Rafia. Goethite was the only oxide
detected, its presence probably being related to hydro-
morphic conditions.

Table III: Semiquantitative mineralo-

Ch In S ] K gical composition (% wt. between sam-
les). S file. Ph = phyllosili-
RS6 [ 21 76 1 2 | — — 4 7 Pt Q o s, o feldapen; G =
£ RSS5 65 27 —_ 8 — - I 9 45 goethite; Ch = chlorite; In = Interstr.
S - RS4 60 33 3 4 _ t 19 30 10 smectite-chlorite; S = smectites; I =
o~ lite- = injter t = =
I R N e et
.g RS2 64 32 4 —_ — 4 16 30 14
(s}
£ RS1 67 30 3 _ |— 7 18 32 10
F.R. 40 43 17 — (1N — 9 17 3
RS6 81 13 — 6 — —_ — 40 41
E RS5 95 — - 5 | — — 23 27 45
f:j RS4 88 — — 12 | — - 41 16 31
g RS3 81 10 8 1 — - 70 8 3
‘g RS 2 79 11 8 2 J— -— 63 9’ 7
w- | RST 76 10 10 4 | — — 56 14
F.R. 85 9 6 t | — — 67 6 12

ment was not detected by the XRD. This same fact is also
observed in the upper horizon of the Raiia, although it do-
es have hematite and goethite. This is because some oxi-
hydroxides are present in a more or less amorphous form.

Al203 Fe203

The so called “fresh” parent rock, located 25 m bene-
ath the general platform of the piedmont, is also weathe-
red, and has a strong smectite content. It represents the
remains of old palacoweathering processes, similar to

Sample  si0z MgO Ca0 K20 P205 TiOZ ~ MnO Na20 Table IV: Analytical results (%wt.)
from the Sangrera profile.
c | RS6| 6675 869 6.89 043 026 098 015 067 003 043
5 RS5{ 4569 19.01 1341 0.59 0.34 1.65 0.07 062 000 0.34
Y | RS4 | 6045 1806 7.20 114 041 266 0.04 070 0.01 0.4
'% RS3 | 57.69 1991 735 166 045 3.58 012 080 0.06 0.19
£ | Rs2| s7.30 1926 768 1.78 035 3.69 0.13 0.80 0.08 o0.20
RS1 | 5716 1936 744 193 o045 3.61 012 079 004 032
RS6 | 4711 2937 1334 1.00 059 209 0.80 1.18 0.06 0.91
E | RS5 | 5056 3563 6.48 079 037 1.76 016 077 000 0.70
v RS4 4366 2574 913 1.44 0.88 1.53 1.70 0.33 0.01 0.65
g RS3 | 46.89 2077 642 335 1.04 138 233 014 004 1.44
2 | RS2 4459 2201 7.65 3.16 1.05 1.81 4.00 0.19 0.04 1.47
RS1 4436 21.50 6.90 284 105 1.42 4.33 015 003 1.50
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Phyllosilicates

Table V: Semiquantitative mineralogi-
Sample Ph Q F G Hoy S ! K cal composition (% wt. between sam-
ples). Torre de Abraham profile. Ph =
4 pebbles 8 81 t — 10 | — - 8 phyllosilicates; Q = quartz; F = felds-
PT matrix (< 2mm)| 12 85 3 - — = = 12 _ pars; G = goethite; H = hematite;
V = vermiculite; S= sectites; I = illite;
PT3 pebbles 33 55 t 4 7 - — 24 K = kaolinite; t = traces; -— = not de-
matrix (< 2mm)| 40 54 t 5 — | — — 28 12 tected
PT2 (<2 mm) 67 23 3 5 2 — — 58
red 52 31 3 S 9 — — 43
PTT (<2mm) | ohre &3 39 3 5 = = 4 4
PT4 (<2um) 71 2 2 5 — |4 — 38 29
PT3 (<2um) 75 12 2 1 — | — 't 38 36
PT2 (<2 um) 75 15 3 7 —|— — 53 22

those found on the basement of the foregoing profile.

On comparing the data from Tables III and IV, the
presence of amorphous iron is clear in both the weathe-
red basement and the matrix of the Rafia.

A noteworthy feature of Table IV is the increase in
TiO: in the fine fraction (< 2 pm fraction) at the top of the
Rafia and the progressive reduction in P.Os upward. Both
data point to the existence of important weathering and le-
aching processes after deposition of the Rafia cover.

In the case of the Torre de Abraham profile, Table V
indicates that here the basement is not weathered as de-
eply as in the previous cases. In the deepest visible weat-
hering level there are domains of red and yellowish hues,
depending on the predominance of hematites or goethite,
respectively. The proportion of kaolinite present in all
the samples is striking, being 22 % at the top of the we-
athered basement ( < 2 im fraction).

Samples PT3 and PT4 show that hematite is concen-
trated in the coarse fraction and goethite is not present in
the upper level. As in the foregoing cases, at the top of
the Raifia the fine fraction is leached downward and con-
centrated in the lower level.

Comparative study of the mineralogical and geoche-
mical data (Tables V and VI) reveals that in the Rafia de-
posits the iron is concentrated in the clasts. Additionally,
there is a certain amount of amorphous iron that seems
to be concentrated in the surface horizon of the profile.
In Table VI it is also interesting to note: a) the high con-
tent in Fe,O; in sample PT1 (red), with high proportions
of goethite and hematite (Table V), b) the TiO, content

Al203

which is concentrated in the fine fraction of the Rafia and
c) the drastic change in the K,O content between the Ra-
fla cover and the basement.

Several indices have been proposed to quantify the
degree of weathering of a rock. Some of them are based
on the assumption that certain chemical components, na-
mely Al:Os, Fe:0: and TiO:, are “stable components”
whereas others such as Si0Oz2, MgO, Na:0, etc. are “mo-
vible components”. Thus, one approach to knowing the
degree of weathering is the relationship between the sta-
ble and movible elements. However, in certain weathe-
ring processes (eg. podsolization, hydromorphism) this
working hypotesis is not valid

Owing to that in silicates the movible ions Na*, K*,
Mg*, and Ca*™ are bonded by O=, A. Parker (1970) esta-
blished an index of weathering for these minerals in
which the energies of these bonds were taken into ac-
count. Parker’s index of weathering (Iw) is defined as:
Iw = [(Na)/0°35 + (Mg)/0°90 + (K)/0’25 + (Ca)/ 0°70] x
100

In this equation (Na), (Mg), (K) and (Ca) are the con-
centrations of the elements in percentage related to their
atomic weights.

For a single profile developed from a silicated parent
rock, the values of the Iw index increase downward, the
rate depending of many factors (eg. climate, mineralogy,
age of the profile, etc.). Unweathered basic parent rocks
normally have an Iw > 100; unweathered granitoids have
an Iw = 60-90, whereas for more or less acid schists Iw <
60 (Macias Vdzquez, 1991; Taboada Rodriguez, 1992).

Sample Si02 Fe203 MgO Ca0 K20 P205 Ti02 MnO Na20 Table VI: Analytical results (% wt.)
from the Torre de Abraham profile.
T4 pebbles 68.09 5.63 1520 010 0.15 045 021 048 003 062
matrix (< 2mm)| 86.55 5.52 224 020 0.16 0.90 005 1.11 901 068
PT3 pebbles 59.16 14.78 932 0.28 0.24 1.79 0.07 0.83 0.00 0.69
matrix (< 2mm){ 58.03 17.22 825 .36 0.38 1.83 0.05 1.05 0.00 0.68
PT2 (<2mm) 52,14 22.77 940 047 035 431 010 1.02 000 0.99
red 5070 19.95 17.51 o028 0.18 413 0.09 0.96 0.00 1.01
PT1 (<2mm) | oo

56.61 19.75 833 0.31 0.16 4.17 0.12 0.97 0.01 1.01
PT4 (<2um) 51.74 2239 700 072 040 291 011 2.26 006 0.81
PT3 (<2um) 41.77 2538 13.77 053 0.48 2.60 0.06 1.06 0.00 0.73
PT2 (<2 um) 4420 23.71 10.06 0.55 0.40 3.73 0.08 0.82 0.00 0.82
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ker index (Iw) in the profiles studied:
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However, in the case studied here the profiles are de-
veloped on both the Rafia cover and the hercynian base-
ment; hence the interpretation becomes more complica-
ted. '

in the Iw index for samples NH 4 and NH 3 (Fig. 6), co-
rresponding to an accumulation of calcium carbonate
and illuviated smectites rich in Mg (Tables I and II). Be-
neath this level, the Iw index increases downward as
would be expected. By contrast in the Sangrera profile
there are no drastic changes in the Iw index; only a re-
duction in the Rafia cover (Fig. 6, samples RS6 and RS5)
and a progressive increase downward is observed. In the
Torre de Abraham profile, the change of this index oc-
curs at the top of the hercynian basement, just beneath
the Rafia cover (Fig.. 6, sample PT2). This is in agree-
ment with the hypothesis that the weathering process af-
fecting the Rafia has also affected the upper parts of the
hercynian basement. Moreover, red and ochre samples
from this level show the same Iw index values, the only
important difference being the Fe,O, content (Table VI).

Conclusions

From the results obtained it may be inferred that in
two of the profiles (Navahermosa and Sangrera) the Ra-
fia sediments lie over the remains of a deep weathering
mantle affecting the hercynian basement in the northern
piedmont of the Montes de Toledo. These observations
indicate that this weathering mantle is a general pheno-
menon beneath the pediment surface, this being one of
the most important factors in the development of the re-
gional morphology. By contrast, in the Torre de Abra-
ham profile, situated some 60-90 m below this pediment,
the Rafia cover rests over a basement that is not deeply
weathered.

These findings show that in this region there are dif-
ferent levels of Rafia, which means that this geological
and geomorphological formation does not give an accu-
rate chronological meaning.

The pre-Rafia weathering mantle features an impor-
tant smectite-rich level, or horizon, which is truncated
and geochemically affected by the weathering process
related to the Rafia covers. The origin and nature of these

In the Navahermosa profile there is a drastic change

smectites (s. 1.) are not studied in this paper, but it should
be stressed that an intermediate level several meters
thick and rich in this phyllosilicate appears in palacowe-
athering profiles studied in other parts of the hercynian
basement (Molina er al., 1990; Vicente et al., 1991; Es-
pejo Serrano et al., 1992).

In the case of the Navahermosa profile, the Rafia co-
ver displays a concentration of elluviated calcium carbo-
nate and smectites at its bottom, whereas the upper hori-
zons are rich in kaolinites. In the Sangrera profile a post-
sedimentary weathering process also affects the whole of
the Rafia cover and the upper part of the weathered base-
ment. Here a mineralogical and a geochernical change
occurs between the lower part (RS1, RS2, RS3) and the
upper part (RS4, RS5, RS6) of the profile, essentially
characterized by the content in AL,Os, MgO, CaO, Na,O
and TiO, of the clay fraction (< 2 mm). This indicates
that the enrichment in kaolinite of the Rafia and the up-
per part of the weathered hercynian basement is not only
due to the illuviation of kaolinite but because of in situ
weathering of some parent minerals. Moreover, in the th-
ree profiles studied the samples from the hercynian base-
ment show a rather reduction in their Parker indices clo-
se to the contact with the Rafla cover, in agreement w1th
this interpretation.

It is important to note that the TiO, content is concen-
trated in the fine fraction of the Rafia deposits and incre-
ases upward in the-three profiles. These observations in-
dicate that the sources of the titanium were the clasts of
slates that once formed part of the original sediinent of
these covers.

Study of the Rafla sediments reveals that the dark-red
to black gravels and pebbles of the upper horizons are
rich in hematite, whereas downward this mineral decrea-
ses and a certain amount of goethite appears. The matrix
of the lower part contains only goethite.

Micromorphological studies performed by one of us
(Molina Ballesteros, 1991) in the Rafias of Salamanca
province revealed that the matrix is formed of a mixture
of particles of different grain size, the clay fraction being
dominant. Thin sections showed that, in many cases,
contacts between coarse grains and matrix are progressi-
ve, the disintegration of pebbles and gravels of quartzite
giving rise to a release of quartz grains now integrated
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into the general mass of the matrix. We name this pro-
cess “arenizacién” of the quartzites, and this is common
under more or less hydromorphic conditions. The pro-
cess originates an in situ reduction in the size of clasts
within the profile and an increase in their roundness by
reduction of the tips and edges. Thus, the coarse fraction
at the Rafia surfaces is smaller and more rounded than
within the sediment.

These observations show that once sedimented the
Rafias were deeply weathered, their matrix being affec-
ted by important processes of redistributions and reorga-
nization. According to Espejo Serrano (1978), these
post-sedimentary processes would have caused the des-
truction of the sedimentary sructures and the develop-
ment of a strong hydromorphism by pore plugging. All
these postsedimentary weathering processes should be
kept in mind in order to get an accurate interpretation of
this kind of sediments.

This research was supported by CICYT (Spain) under Project n® PB-
88 0374. We thank Mrs. Melidn, Mrs. Lazaro and Mr. Gémez for their
technical assistance, and Mrs. Sally Raskin for the English revision.

References.

Aguirre, E., Diaz Molina, M. and Pérez Gonzélez, A. (1976): Datos pa-
leomastol6gicos y fases tecténicas del Nedgeno de la Meseta Sur
espafiola. In: M.T. Alberdi and E. Aguirre (Ed.): Trabajos Sobre
Nedgeno-Cuaternario, 5, 7-29.

Aparicio Yagiie, A. (1971): Estudio geolégico del Macizo Cristalino de
Toledo. Estudios Geol., 27, 369-414.

Biscaye, P.E. (1965): Mineralogy and Sedimentations of recent deep
sea clays in the Atlantic Ocean and adjacent areas and Oceans. Ge-
ol. Soc. Amer. Bull., 76, 803-832.

Calvo, I.P., Fort, R., Alonso Zarza, A.M., Mingarro, F. and Lépez de
Azcona, M.C. (1993): Contexto geolégico y caracteristicas petro-
gréficas de las rocas carbonéticas del Cerro de La Rosa (Toledo).
Rev. Soc. Geol. Espaiia, 6 (3-4), 7-17

Daveau, S. (1969): Structure et Relief de la Sierra de Estrelha. Finiste-
rra, 4, (7), 31-63; 4, (8), 159-197. Lisboa,

Espejo Serrano, R. (1978): Estudio del peifil eddfico y caracterizacion
de las superficie tipo Raiia del sector Cafiamero - Horcajo de los
Montes. Tesis Doctoral, E.T.S. Ingenieros Agrénomos, Universi-
dad Politécnica (Inédita), 469pp, Madrid.

Espejo Serrano, R. (1987): The soils and ages of the “Rafias” surfaces
related to the Villuercas and Altamira Mountain Ranges (Western
Spain). Catena, 14, 399-418.

Espejo Serrano, R., Molina, E. and Vicente M.A. (1992): Mecanismos
fundamentales de alteracion sobre el Macizo Hercinico Ibérico.
Simposios /Il Congr. Geol. de Espaiia y VIII Congr. LatinoAmeri-
cano de Geol., Salamanca 1992, 2, 216-224,

F.A.O. (1977): Guias para la descripcion de Suelos. 70 pp., Roma.

Fort, R., Calvo, I.P., Alonso Zarza, M., Lépez de Azcona, M.A. and
Mingarro, F. (1992): Contexto geoldgico y caracteristicas petrol6-
gicas de las rocas carbonatadas del Cerro de La Rosa, utilizadas en
la construccién de la Catedral de Toledo. Actas III Congr. Geol. de
Espaiia y VIII Congr. LatinoAmericano de Geol., Salamanca
1992, 1,123-127.

Herndndez Pacheco, F. (1950): Las Rafias de las regiones centrales de
Extremadura. C.R. XVI Congr. Intern. de Geografia, , 87-109, Lis-
boa 1949.

Kubiena, W.L. (1954): Uber relikboden in Spanien. In: Andgewandte
Pfllanzensoziologie. Festchrift Aichiger, 213-224, Klagenfurth.

Rev. Soc. Geol. Espafia, 8 (3), 1995

Macias Vézquez, F. (1991): Alteracién y edafogénesis de rocas pluté-
nicas y metamdrficas. In: Alteraciones y paleoalteraciones en la
Morfologia del Oeste peninsular. (Instituto Tecnol6gico Geomine-
ro de Espafia - Sociedad Espaifiola de Geomorfologia), Monofraffa
6, 121-159, Ed. J.A. Blanco, E. Molina and A. Martin Serano.

Martin Serrano, A. (1988): El relieve de la region occidental zamora-
na. La evolucion morfolégica de un borde del Macizo Hespérico.
309 pp., Insto. de Estudios Zamoranos “Floridn de Campo”
(CSIC), Diputacién de Zamora,

Martin Serrano, A. (1991): La definicién y el encajamiento de la red
fluvial actual sobre el Macizo Hespérico en el marco de su geodi-
ndmica alpina. Rev. Soc. Geol. Espaiia, 4, (3-4), 337-351

Martin Serrano, A. and Nozal Martin, F. (1989): Mapa geolGgico de
Espaiia E. 1:50.000, hoja n.° 710 Retuerta de Bullaque. Memoria
explicativa, 39 pp. por Martin Serrano A. y Nozal Martin F (1989),
Instituto TecnolGgico Geominero de Espaiia, Madrid

Molina Ballesteros, E. (1991): Geomorfologia y Geogquimica del Paisa-
Je. Dos efemplos en el interior de la Meseta Ibérica. Acta Salman-
ticensia, Universidad de Salamanca, Biblioteca de las Ciencias, 72,
156 pp.

Molina, E. and Blanco, J.A. (1980): Quelques precisions sur |'altera-
tion du Massif Hercynien Espagnol. C.R. Acad. Sci. Paris, 290,
1293-1296.

Molina, E., Cantano, M., Vicente, M.A. and Garcfa Rodriguez, P.
(1990): Some aspects of paleoweathering in the Iberian Hercynian
Massif. Catena, 17, 333-346.

Molina, E., Garcia Gonzdlez, M.T. and Espejo, R. (1991): Swudy of pa-
leoweathering on the Spanish Hercynian basement. Montes de To-
ledo (Central Spain). Catena, 18, 345-354.

Monturiol F. (1984): Suelos. In: Estudio Agrobiolégico de la Provincia
de Toledo. Ed. Insto. Provincial de Investigaciones y Estudios To-
ledanos, Diputacién Prov. de Toledo, 19-146.

Moreno, F, and Gémez Pérez, J. (1989): Mapa geoldgico de Espaiia E.:
1:50.000, hoja n.° 683, Espinoso del Rey. Memoria explicativa 51
pp. por Moreno, F., Gémez Pérez J. y Pérez Rojas, A. (1989). Ins-
tituto Tecnologico Geominero de Espaiia, Madrid.

Pardo, E., Gallardo, J., Pérez Gonzdlez, A. and Gédmez Miguel V.
(1993): Variabilidad morfoldgica de suelos en el piedemonte de la
Raifia de la vertiente Norte de Montes de Toledo. In: Coleccidn de
Monografias del Centro de Ciencias Medioambientales, (C.S.1.C.),
2, 149-157, Ed. A. Pinilia,

Parga, J.R. (1969): Sistemas de fracturas tardihercinicas del Macizo
Hespérico. Trabajos del Lab. Xeol. de Laxe, 37, 1-15, La Corufia.

Parker, A. (1970): An index of weathering for silicate rocks. Geologi-
cal Magazine, 501-504

Riedel, W. (1973): Bodengeographie des Kastilischen und Portugiesis-
chen Hauptscheider-Gebirges. Mitteilungen der Geographischen
Gesellshaft, 62, 161 pp.

Rodas, M., Garzén, M.G., Luque, F. J. and Mas, R. (1990): Correlation
between the Paleogene detritic facies in the margins of Tajo and
Duero Basins (Central Spain): Mineralogical, sedimentological
and geomorphological characteristics. Sci. Géol. Mém., 88, 43-52,

Solé, L. and Llopis, N. (1952): Geografia de Espaiia y Portugal. Vol.
I1: Espaiia. Geografia Fisica, Ed. Montaner y Simon, Barcelona,
500 pp.

Schultz, L.G. (1964): Quantitative interpretation of mineralogical
composition from X-Ray and chemical data for the Pierre Shale.
U.S. Geol. Survey Profesional Paper, 391 C, 1-31, U.S. Govern-
ment Office, Washington D C.

Taboada Rodriguez, M.T. (1992): Procesos de meteorizacion en rocas
graniticas de Galicia bajo diferentes ambientes edafoclimdticos.
Tesis Doctoral, Universidad de Santiago de Compostela, 385 pp.

Vicente, M.A., Molina, E, and Espejo, R (1991): Clay in paleoweathe-
ring processes: Study of a typical weathering profile in the Hercy-
nian basement in the Montes de Toledo (Spain). Clay Minerals,
26, 81-90.

Manuscrito recibido el 19 de Septiembre de 1994
Aceptado el manuscrito revisado el 20 de Marzo de 1995



