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IGNEOUS ROCKS OF ALPINE AGE ASSOCIATED WITH KEUPER
MATERIALS IN THE IBERIAN MOUNTAINS, NEAR TERUEL (SPAIN)

V. Sanchez Cela (*) y J. A. Garcia Anquela (*)

RESUMEN

Se describen algunos caracteres geoldgicos, petrograficos y geoquimicos de unas rocas
igneas, que en pequefios afloramientos aparecen asociadas a materiales del Keuper.
Estas rocas, que estaban citadas como ofitas, corresponden principalmente a facies gra-

nudas entre sienitas y monzogabros.

El ambiente de los afloramientos, relaciones de contacto, caracteres petrograficos y qui-
micos, parecen indicar que las rocas igneas fueron el resultado de procesos de metasomatismo
originados por fluidos silico-alcalinos que transformaron los materiales encajantes margo-

evaporiticos del Keuper.

PaLaBRAS cLAVE: Procesos de transformacién. Rocas igneas alpinas: sienitas-monzogabros.

ABSTRACT

In the present work, some rocks of igneous facies associated to Keuper materials, are

studied.

These rocks, previously referred to as ophites, consist in fact of plutonic rocks, compo-
sitionally ranging from syenites to monzogabbros.

Field, petrographic and geochemical data appear to indicate that these igneous rocks
facies were a consequence of metasomatic transformation processes that took place between
allocthonous silica-alkaline elements and suitable wall-rocks, constituted, in this case, of

evaporitic marls of Keuper facies.

Key worps: Transformation processes. Alpine igneous rocks: syenites-monzogabbros.

Introduction

S-SE of the city of Teruel and within the Iberian
Mountains, there are some small outcrops of igne-
ous rocks (0’5-4 km?), all of which have been re-
ferred to as ophites: Bakx (1935), Martin (1936),
Orti (1974), IGME (1978-80), Orti y Vaquer (1980).
San Miguel (1936) was the first to establish some
difference between these rocks and the ophites. So
in this area this author mentions the existence of
rocks such as diabases and teschenites. On the
ophites, in general, there exists a great deal of bi-
bliographic data, mostly due to a doctoral thesis done
in the Dept. of Petrology of the University of Zara-
goza (Lago San José, 1979) and to other authors:
Bakx (1935), Martin (1935), Lamare (1935), S.
Miguel (1936), Thiebaut (1973), Meurisse (1974),
Durand-Wackenheim (1974), Walgenwitz (1976),
Castellarin, et al. (1978), Lago (1979), Lago y Po-
covi (1980), etc.

Although the geological characteristics are very
similar to the ophitic ones, field and petrographic

studies point towards different types of plutonic
rocks, mainly of syenitic to monzonitic composition.
In some particular points, and within the same out-
crop, there are also granitic and hornfelsic rocks,
which may contain sillimanite and other interesting
minerals (e. g. as in the Camarena area, see Sanchez
Cela, 1981, 1982).

The singular and constant association between the
“ophitic” and related rocks with the Triassic mate-
rials of Keuper facies has caught our attention, which
has lead us to think of the possibility that there
exists some relationship between the evaporitic marls
and the origin and evolution of those rocks.

Geological setting
Structural framework

Al these rocks were found to follow structures of
Alpine age, which are broadly parallel to the Hercy-
nian ones.

The main outcrops of igneous rocks in the region
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are related to this structures (NW-SE, fig. 1). Other
neigbouring igneous rocks, from andesites of Per-
mian age (Albarracin mountains) to basalts of Juras-
sic age (Javalambre zone), also follow these trends.

Owing to their particular properties, the Keuper
materials generally exhibit a manifest deformation in
the contact with the igneous rocks, as well as in the
nearby areas; that is the case with many ophites in
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ce are present: substratiform and sub-intrusive (fig.
2a-b). In both modes there is a gradational tran-
sition between the igneous rocks and the wall-rock
materials, through an intermediate zone (from 20 to
100 cm width), that we will subsequently refer to as
mixed-microlithic zone.

Also in this area there are centimetrical bodies,
which seem to be isolated from the main mass that
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Fig. 1.—Schematic map with the location of igneous rocks outcrops near Teruel.

the Pyrenees, which appear within the upper part of
Keuper and even, in upper stratigraphic levels, as
intrusive-allocthonous masses. These intrusive phe-
nomena would, in our opinion, be the reason why
the contact- relations and hence the mechanisms of
emplacement of these and other similar igneous rocks,
have often been the subjects of different interpreta-
tions.

Luckily, in the Teruel area the igneous rocks facies
exhibit a gradational transition to the Keuper-wall
materials.

Broadly, in the Teruel area, two modes of ocurren-
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have been interpreted by some authors as fragments
originating from the principal mass, broken off by
tectonic processes. Our field and petrographic stu-
dies show that these small bodies or fragments are
the result of independent, simultaneous and punctual
petrological processes spatially unrelated with the
principal mass.

These conclusions have been obtained after a pe-
trographic study. Many of the assumed “fragments”
correspond to what we have defined as mixed and
microlitic facies that grade into Triassic wall mate-
rials, where grained facies have not been developed
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possibly because of their low physical-chemical gra-
dients.

These features, together with the lack of any pre-
sumable tectonic-petrographic features in these sup-
posed fragments, seem to invalidate the idea of their
origin as worn-off fragments of the main mass.

Fig. 2.—Schematic cross-section, A: sub-stratiform type (Ca-

marena); L=Liassic; K=Keuper; IR=Igneous rocks; G=

=QGranitic rocks; H=Hornfel rocks. B: sub-intrusive type

(Villel); K=Keuper; B=border-microlitic facies; IR =Igneous
rocks.

Keuper-wall materials

As we have already stated, the igneous rocks in
the Teruel area are always associated with Keuper
materials. These materials have been studied by
several authors (Bakx, 1935; Martin, 1936; Orti,
1973; IGME, 1978). Although some of them have
distinguished up to five sublevels, these are very dif-
ficult to identificate because of their mutability.

Near the igneous outcrops, however, two broad
units can be distinguished: Upper and Lower Keu-
per. The latter, in general, is constituted by an al-
ternation of argillaceous lutites and gypsum with in-
tercalations of carbonatic rocks and some evaporites.
The former is characterized by the red-colour in some
levels, although their composition are similar, con-
sisting of calcareous sands that alternate with lutites
that contain gypsum and other salts.

The Camarena-Valacloche outcrops appear to be
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associated with the Lower Keuper levels. In other
localities, e. g. Villel, the igneous rocks are associa-
ted with the Upper Keuper levels.

The Keuper evaporitic marls exhibit in many pla-
ces interesting minerals named “Jacintos de Com-
postela” and “Teruelites”. The “Jacintos” are eu-
hedral-bipiramidal quartz that generally enclose abun-
dant inclusions of argillaceous and salt minerals.
The “Teruelites” are minerals that correspond to do-
lomite structure with Fe and variable rate of Mg,

An interesting observation, not yet confirmed on
'a regional scale, is that those rare minerals appear
more frequently when endogenetic or mechanical pro-
cesses take place. So, in the Teruel area, both Te-
ruelites and Jacintos are more abundant in those pla-
ces where igneous facies rocks exist or where tecto-
nic disturbances are more evident.

The Liassic-Jurassic levels are constituted by va-
rious carbonatic rocks: calcareous dolomites, mag-
nesian-limestones and limestones.

Paleozoic materials do not outcrop in this area.
They outcrop to the NW and SW, where they are
constituted of shales and phyllites, that alternate with
sandstones and quartzites.

We would like to point out here the importance
of the authigenetic processes in the Keuper materials,
a consequence of the suitable mineralogical and che-
mical features of these levels.

These processes (Marfil, 1970; Garcia Palacios
et al., 1976; Garcia Palacios et Lucas, 1977), make
us think that these materials powerfully constitute

“suitable geological habitat” for petrological trans-
formation processes when the physical-chemical en-
vironment is modified.

It is well known among petrologists that the sedi-
ments constituted by argillaceous minerals (mainly
illites and chlorites) together with various evaporitic
materials (CO;=, SO,=, CI-, etc...) are very suita-
ble for mineralogical transformations from the very
first diagenetic stages. So in the last diagenetic or
anchimetamorphic stages K-feldspar, Na-plagioclase
and some other micaceous minerals as well as Quartz
can be formed.

Obviously those petrological changes will be more
important if the physical factors overpass the dia-
genetic ones in a chemically open system, for exem-
ple when the suitable Keuper materials are affected
by the contribution of magmatic or metasomatic fluids.

Petrology

Our field studies indicate that the igneous rocks-
facies are always located in the Keuper levels. The
Paleozoic materials in nearby zones do not include
equal or similar rocks. We have observed that in
all of the outcrops (sub-stratiform and sub-intrusive)
there exists a gradational transition at millimetrical

http://estudiosgeol.revistas.csic.es



26

scale between wall-Keuper materials and the igneous
facies rocks.

From the wall-Keuper to the dominant igneous
facies rocks of the centre of an outcrop, there is a
gradational transition through different rocks defined
by us as “border facies”: mixed rocks, microlithic
facies and protodiabasic facies. The dominant rocks
that form the main bulk of the outcrops are consti-
tuted by grained-rocks, mainly syenites-monzonites.
Other rocks may also exist, such as monzogabbros
and basic alkaline rocks.

The contact-relations in the Camarena outcrop,
where there exists a greater petrographic variation,
show that the monzogabbros and the basic-alkaline
rocks were the first to be formed during the petrolo-
gical processes. Subsequently the syenite-monzonite
rocks were formed. In some particular points in
relation with fracture brecciation zones, there are
interesting quartz feldspathic (granitic) and hornfels
rocks, which contain sillimanite and other minerals.
These rocks are of a later origin in relation to the
others (Sanchez Cela, 1981-1982).

The field, petrological and structural features seem
to point towards a certain relationship between the
sedimentary wall-rocks and the lateral evolution of
the igneous rocks, deduced, among others, from the
following features:

— Gradational transition from sedimentary to ig-
neous rocks through “mixed” or “hybridous”
facies of intermediate petrographic-chemical
composition.

— Irregular distribution shown by the alternation
of different igneous rocks and the wall-Keuper
materials to all scales with gradational tran-
sition among them.

— Existence, in some cases, of small masses iso-
lated from the igneous-bulk of mixed and hy-
bridous facies within the sedimentary rocks,
that are interpreted as independent and simul-
taneous punctual processes, as stated above,
and

— Existence of small and very shallow outcrops
of igneous rocks, without roots, constituted
only by mixed or hybridous facies rocks with
abundant Keuper remains, more or less trans-
formed, with a gradational transition between
both petrographic facies.

Petrographic tvpes

Prior to a petrographic description of the different
facies of the rocks it should be noted that the petro-
graphic types established here, according to the leu-
cocratic minerals, could be, in some cases, in con-
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tradiction to their chemical composition. So a “ty-
pical syenite” can geochemically corespond to a
subsaturated rock.

This lack of correspondence between the petro-
graphic and the chemical composition, constitutes an
interesting petrological feature, that we shall com-
ment on below.

From the wall-Keuper materials to the center of
the outcrops, regardless of the existence of the fre-
quent repetitions, the following petrographic facies,
can be established.

a) Mixed or hybridous rocks.
b) Microlithic-diabasic rocks.
¢) Grained rocks.

The “mixed or hybridous rocks”, located in con-
tact with the Keuper materials, within the “border
facies” constitute, in our opinion, a valuable “tool”
to understand the meaning of the petrological pro-
cesses that took place in the origin of the igneous
rock-facies.

These hybridous rocks, are constituted by chloritic-
illitic minerals, more or less recrystalized, which in-
clude Fe-titaniferous minerals, quartz, feldspars, apa-
tite and other accesory minerals. In spite of their
micrometric size the petrographic features indicate
that such minerals, of a subsequent origin, have been
developed within sedimentary materials more or less
transformed.

The “microlithic-diabasic” facies correspond to
the intermediate rock-types between the mixed and
the grained rocks. Here their mineral composition
is more easily recognized. It is associated with the
abundant crystals of chlorites, Fe-Ti, and argillace-
ous minerals. K-feldspar, plagioclase, biotite, quartz,
apatite, zircon, rutile and sometimes carbonates can
also exist as subordinate-accesory minerals.

One of the most interesting features in these rock-
facies is the presence of the reactions-series between
the chlorite minerals and the quartz; this presence
will be commented on in detail together with the
“grained” facies.

The “grained” rocks are the most abundant facies
in the outcrops. In general the petrographic types
correspond to syenites, monzonites, monzogabbros
and basic alkaline rocks.

In some points and in fracture zones there are
granitic and hornfel rocks of subsequent origin (S4n-
chez Cela, 1981-1982).

QUARTZ-SYENITES:

These petrographic types are only present in Villel
outcrop, where they constitute the central part sur-
rounded by syenite-monzonite as well as diabasic-
microlitic border facies. These coarse-medium-grai-
ned rocks, and light colours are formed by K-feld-
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spars, plagioclase, quartz chlorite minerals, ilmenite,
as main componentes, and biotite, apatite, circon
and perovskite, as subordinate-accesory minerals (fi-
gure 3). The quartz, always appear as a subsequent
mineral, in interesting reactions-textures with other

Fig. 3.—Quartz-syenite from Villel sub-intrusive outcrop.
Association K-feldspar-plagioclase that enclose abundant chlo-
ritic-argillaceous inclusions. X 60. NC.

minerals, mainly with the chloritic ones (fig, 4).
The K-feldspars and the plagioclases usually appear
associated among them, the latter constituting the nu-
cleus of the crystals. Both exhibit many inclusions
of argil-micaceous minerals (principally chlorites)
(fig. 5). The chlorites, in these rocks, appear as
isolated crystals associated with biotites. In many

Fig. 4—Reaction-transformation textures between chloritic-

serpentinic minerals and quartz in a syenitic rock from Villel.

a=quartz; b=chlorite rich in silica (¢ type); b=chlorite-

ripidolite (8 type); d=chlorite-serpentinic (y type) (Analysis
in Table 2). x 120. NC.

(c) Consejo Superior de Investigaciones Cientificas
Licencia Creative Commons 3.0 Espafia (by-nc)

27

cases, in the points of contact with the quartz, they
exhibit coronitic-reaction textures that shall be out-
lined below.

Fig. 5.—Association K-feldspar and plagioclase that enclose
chlorite-argillaceous minerals and some apatite in a syenitic
rock from Villel. x 120. NC.

SYENITE-MONZONITES:

These rocks are the dominant types in all the
outcrops. They are constituted by a variable ratio
of K-feldspar and Na-plagioclases, as well as chlori-
tic minerals as their main components, and ferrife-
rous and titaniferous minerals, biotite, quartz, apatite

Fig. 6.—Monzonitic rock from Camarena outcrop, x 60, NC.

and zircon as subordinate-accesory minerals (fig. 6).
The most basic terms (monzonites) exhibit clinopiro-
xenes from moderately to well cristallized and gene-
rally associated to the chloritic minerals. The quartz
accesory mineral in the syenites, is of subsequent
formation. It is always located in some interstices
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transforming other minerals, mainly chloritic mine-
rals. The K-feldspars and plagioclases, as in the
quartz-syenites, include many argil-chloritic minerals.

MONZOGABBROS:

These rocks, only present in Camarena outcrop
together with the basic alkaline rocks, are the oldest
within the “igneous” Keuper series. They are cons-
tituted by a variable ratio of felspars (K-feldspars and
Na-plagioclases) as well as clinopyroxenes (principally-
magnesian augites) and chloritic minerals, as their
main components; and asbestiform ferromagnesians,
amphibole, biotite, ilmenite, apatite, zircon, rutile,
perovskite and carbonates, as subordinate-accesory
minerals (fig. 7). In some samples there are intersti-
tial crystals of quartz reacting with and transform-
ing the other minerals,

Fig. 7.—Monzogabbro from Camarena outcrop. x 60. NC.

BASIC ALKALINE ROCKS:

These types of rocks are less frequent. They are
always associated to the monzogabbros. They are
constituted by “nepheline”, K-feldspar and asbesti-
form ferromagnesians, as principal minerals; chlorite,
plagioclase, clinopyroxene, amphibole, biotite, ilme-
nite, apatite, sphene, zircon, rutile, perovskite, pre-
hnite and carbonates, as subordinate-accesory mine-
rals. There also exists a mineral with analogous
petrographic features as the feldspars, which is very
difficult to identify due to the presence of many argil-
chloritic inclusion-minerals, that we identified as “ne-
pheline” due to their morphological-optical features
and to the chemical composition of these rocks (table
111, analysis 3).

GRANITIC AND HORNFEL ROCKS:

Both related rocks are of subsequent origin in re-
lation to the others. These rocks are only located
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in one outcrop (Camarena zone) and associated to
pgnctual—tra.cture zones (Sanchez Cela, 1981 and
1982).

As we have already stated in the above works, dif-
ferential transformation processes, between the “gra-
nitic elements” and the wall-rocks are developped.
When the wall-rock corresponds to the igneous rocks,
e. g syenites-monzogabbros, these rocks appear to
be affected by silicification processes, as well as a
mineralogical recristallization-restructuration.

Fig. 8.—Basic-alkaline rock from Camarena ouicrop. Ne=
=nepheline with chlorite-argillaceous inclusions; Chl-Sp=
=chlorite-serpentinic minerals. x 120. NP,

On the other hand, when the granitic elements af-
fect former rocks with remains of Keuper materials,
in some points, hornfel rocks with high gradients pa-
ragenetic minerals can be formed (hornfel with spinel,
sillimanite, orthopyroxene, cordierite and other mi-
nerals).

The existence of rocks with very different physical-
conditions associated to centimetrical-metrical scale,
such as non metamorphized Keuper materials and
hornfels with those paragenesis, that involve interest-
ing petrogenetic problems, was exposed and explained
in an previous work (Sdnchez Cela, 1982).

Some mineralogic data

CHLORITIC MINERALS:

This wide and many times badly defined group of
minerals is always present in all the petrographic
types. These minerals can appear in several forms
and textures: 1) as isolated crystals; 2) associated to
magnesian biotites; 3) as chlorite-serpentinic mine-
rals, and 4) in reaction-transformation series asso-
ciated to other minerals of subsequent formation,
mainly quartz. The first type, according to micro-
probe analysis, corresponds to “near ripidolite™ types
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(table 1b and 2a). The chlorite-serpentinic mine-
rals, mainly present in monzonites, monzogabbros and
in basic-alkaline types, according to the analysis
(table 1c and 2b) appear to correspond to an inter-
mediate mineral between “chlorite” and “serpetine”.

The contacts between the chlorites and the quartz
usually exhibit interesting reaction - transformation
textures.

TABLE 1
Microprobe analyses (Camarena outcrop)

a b c d e I3 g

~
SAOZ 35'97 30'33 35'10 39'60 43'20 46'80 50'40
AIZCj 1451 19'60 13'90 8140 4'30 2'60 8'30
FeO(*) 23135 21'94 15'20 1120 6140 1(_)'90 10'00
MnO 0'20 0'30 020 0'10 0'20 0rz20 0r20
MgO 1120 1497 22'80 36'20 14'80 1360 18'20
Ca0 - - - - 21140 22'40 9'50
NaZO - - - 0'30 160 1'20
K20 7'70 073 0'20 0'10 ¢'10 010 -
TiO, 3120 060 0'40 0'20 2'10 2'90 0'40

a = biotite; b = chlorite “ripidolite” type, and ¢ = chlorite-
serpentinic mineral from a monzonite; d = “asbestiform”
mineral (“serpentine”) from a basic alkaline rock; e-f = Ti-
augites; g = Fe-pargasitic hornblende from a monzogabbro.

From a nucleus formed of a later-crystal of quartz
to the external zone constituted by the chloritic-ser-
petinic minerals the following petrographic types (ac-
cording to fig. 4) can be defined.

“chlorite «” — “chlorite 8” — “chlorite y”

The microprobe analysis corroborates our deduc-
tions obtained from the optical features on the type
and lateral evolution of the chloritic minerals. So,
according to the analysis, the chlorite « type (table

TABLE 2

Microprobe analysis (Villel outcrop)

a b < d e
1
i
i
Ser 30'60 36'74 34°43 30140 26'24 4
AIZO,a 22'35 11'01 14'25 16'64 18'35
FeO(*) 20'92 10'48 17'69 22'57 26'92
MnO 0140 0'10 0'45 0170 080
MgO 1240 28'04 22'95 16’31 11'9%5
Ca0 - - - - -
Na,0 - - - - -
K20 0'80 0'67 0'64 1175 2'78
TiO, 0'70 - 0'30 0'40 0'55

a = isolated chlorite-biotite; b = chlorite-serpentinic mine-
ral; c-d-e = reaction-transformation serie between chlorite-
serpentinic minerals with quartz (after fig. 4).
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2¢) corresponds to chlorites rich in SiO, and MgO
and impoverished in FeO. The chlorite y type co-
rresponds to chlorites richer iy Al,O, MgO and FeO
and more impoverished in SiO, than the typical cli-
nochlores (table 2¢). The chlorite 8 type corresponds
to intermediate types between « and 8 ones.

The evolution from the chlorites « to chlorites y
is characterized by a progressive increase in Al,O;
and FeO and a depletion in SiO. and MgO.

One of the main deductions obtained from the pe-
trographic and chemical data is that the composition
of the chlorite minerals is of them, related with sub-
sequent silicification processes. These may be in-
ferred from the presence of interstitial quartz which
gradually and zonally transforms those minerals (fi-
gure 4).

ASBESTIFORM FERROMAGNESIANS:

Under this heading is included some slightly defined
minerals, whose optical features, appear to corres-
pond more or les with serpentines or to intermediate
minerals between “chlorites” and “serpentines” (ta-
ble 1d). These minerals are associated with the
most basic rocks types: monzogabbros-alkaline basic
rocks, all of them with great abundance of ferromag-
nesian minerals, which confer to them a meso-me-
lanocratic appearance.

CLINOPYROXENES:

These minerals, relatively abundant in the monzo-
gabbros and in the basic alkaline rocks, in euhedral
crystals according to the microprobe analyses, co-
rrespond to Ti-augites (table 1e-f). The rate of crys-
tallization is establised in relation to the rock-type.
So in the monzonites the clinopyroxenes are poorly
crystallized and associated to chloritic-ferriferous and
serpentinic minerals. In the most basic rocks (mon-
zogabbros) in turn this crystallization rate corresponds
to highly crystallized minerals.

AMPHIBOLES:

These minerals usually appear in small quantity.
In some of the rocks, of monzonitic types, they cor-
respond to pargasitic hornblendes (table 1g).

BIOTITES:

These minerals, although present in all petrogra-
phic types, are more abundant in the syenitic-mon-
zonitic rocks, where they are generally associated to
chlorites (table 1a). The petrographic studies, about
the relationship between the chlorites and biotites
from de wall-Keuper materials to the igneous rocks
of the centre of the outcrops, point out to different
transformation stages from the original chlorites to
biotites across intermediate types. In this way this
interrelationship should not be understood as a result
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TABLE 3
Major chemical elements

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Si02 50'90 46'47 47'55 50'97 46'04 48'05 5293 53'82 47'11 42'02 $53'90 47'77 46'08 48'97 45'35 41'03 50'7F 51'20 54'70
1203 15'81 15'38 15'85 16'21 16'24 15'24 16'32 16'87 16'91 17'61 16'36 16'15 15'89 16'06 15'78 16'40 14'01 13'69 15'96
Fe20 7'27 6'01 723 7'20 737 7'25 4'85 3'65 4'53 2'20 5'07 7'51 7'96 6'21 5'31 2'34 3'59 2'21 4'70
FeO 2'93 4'89 3'74 2'98 4'16 4'33 1'70 2'30 3'62 2'90 3'11 4'66 4'67 3'60 2'85 3'10 5'85 6‘i5 1°'59
in0 0'48 0'44 0'62 0'21 0'a0 0'10 0'13 011 0'10 0'i0 0'3a 0" 40 0'45 0'38 0'20 0'30 0'14 0'12 0'02
g0 7'57 9'38 7'54 7'30 8'78 6'53 8'30 8'63 11'34 10'47 5'82 8'46 9'32 8'62 13'15 12'57 7'81 9'04 10'90
a0 2'83 5'75 5'08 1'84 5'10 4'05 3°'93 2'14 2'76 qa'04a 0'98 0’54 0'65 0'70 2'48 3'40 10'13 7'50 2'66
la20 3'06 2'63 2ra2 4'86 2'78 6'18 3'26 2'76 3'16 2'22 207 2'00 2'23 1'98 1'e2 1187 3'29 4'35 1'08
:(20 3'61 2'59 3'90 2'21 2'11 1'64 2'65 3'63 2'56 2'84 7'08 6'15 6'26 726 5'43 3'62 0'69 084 0'24
f10., 147 1'92 2'09 2'54 2715 237 1'70 2'16 1'44 1'72 1'59 2'30 1'98 2'00 1'80 1'64 1'00 0'98 0'75

2

P205 0'51 0'48 0'45 0'62 0's8 0'65 046 0'53 0'53 0'58 0'45 0'51 0'5_7 0'ao 0'35 0'40 0’1l 0'17 0'13
HZO 3'S0 3'30 3'50 3'00 3'80 3'60 3'61 3'30 4'83 S'96 3'15 3'60 4'00 3'80 5'20 6'32 2'51 3'46 7'21
i(‘,o2 - - - - - - - - Qre2 2'01 - - - - 040 2'30 - - -
‘303 - - - - - - - - 0'14 4'31 - - - - 0'10 3'66 - - -
c1 - - - - - - - - 0'10  1'10 - - - - - 0'80 - - -
TOTAL 99'94 99'84 99'97 99'94 99'Sl 100'04 99'B4 99'90 9995 100'08 92°'32 100'05 100'06 99'98 100'2 99'75 99'8B4 99'71 99'Sa

Analysis 1-10 from Camarena outcrop; 1-8 igneous rocks; 9

= border microlitic facies and 10 = Keuper wall material

Analysis from Villel outcrop; 11-14 igneous rocks; 15 = border microlitic facies and 16 = Keuper wall materials Ana-
Iysis 17-19 from an ophitic outcrop of Pyrenean zone (Lago, 1980); 17 = ophitic rock (average of 27); 18 = border mi-
crolitic rocks (average of 6) and 19 = Keuper wall materials.

of some alteration processes, but as a particular pe-
trogenetic stage where both minerals coexist within
a prograde-transformation process.

Chemical features and some petrological
implications

Some important considerations of petrological
meaning can be deduced from the chemical analysis
(table 3 and diagrams of fig. 9), as well as from the
petrographic data.

— Relatively low ratios of SiO, and high of ALO,
in relation to the data deduced from the petro-
graphic studies.

— High ratios of MgO.

— High ratios of Fe,O; in relation to FeO, and
SO on

From diagram analysis two evolutive geochemical
trends, that correspond to two different structural out-
crops of igneous rocks, can be differentiated: Villel
and Camarena type.

The Villel outcrop exhibits a more continous
geochemical evolution than the Camarena one. This
differentiation can be attributed to their different pe-
trological-structural features in both outcrops. The
Villel outcrop constitutes in general a single conti-
nous mass of igneous rocks, whilst in Camarena as
a consequence of its stratiform configuration many

(c) Consejo Superior de Investigaciones Cientificas
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petrographic-geochemical types can be repeatedly
present.

As it can also be observed there are notable dif-
ferences between the rocks the subject of the present
paper and the ophitic ones. These differences have
already been noticed in field and in petrographic
studies.

From evolutive petrographic and chemical data
from the Triassic wall-materials to dominant central
igneous facies rocks it is possible to deduce the pro-
bable sedimentary heredity of some of the features.

Data on the composition of the Keuper materials,
show that sediments exhibit high rates in magnesium;
indicated by amounts between 12 and 14.8 of MgO, .
which is mainly derived from the richness in mine-
rals of the chloritic types.

The high ratio of Fe,O,/FeQ, that defines these
rocks as oxided, according to the chemical analysis,
could be a consequence of the chemical nature of
the wall-materials and/or the “oxidation processes”,
that probably took place during the “building” of the
igneous-facies rocks.

As far as we know as a result of the chemical ana-
lysis, the Triassic materials contain abundant iron
and titaniferous minerals, as ilmenite and haematite.

The geochemical evolution from Keuper wall-ma-
terials to the igneous rocks, together with some pe-
trographic deductions, seem to indicate that the oxi-
dized feature of igneous rocks does not correspond
to a hypergenetic-alteration process, but to the pri-
mary character formed during the petrogenesis of these
igneous rocks.
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Other elements, relatively abundant in the igneous
rocks and that could be indicators of a sedimentary
heredity, are TiO, and P,Os. The former, mainly
contained in ilmenite minerals (abundant in all the
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igneous facies rocks) is also frecuently associated to
iron minerals in the Triassic-wall sediments. The
P:O; in apatites of igneous rocks could be in great
part formed by the remobilization and transforma-
tion of phosphorous components, nowadays present
in some Muschelkalk-Keuper levels.

The relative low ratio of SiO, and high of Al,O;
in many rocks could be explained by the constant
presence in all the petrographic types of abundant
argil-micaceous minerals, which we interpreted as
materials of sedimentary origin more or less trans-
formed during the processes that took place in the
origin of the igneous facies rocks.

These argil-micaceous minerals, that appear to be
little transformed, have remained as residual ones
probably because the low physical gradients resulted
in the fact that these “impurities” were not expelled
out of the new minerals (mainly feldspars).

This apparent anomaly can be explained because
these rocks have not reached the petrological equi-
librium. So the quartz, in the syenitic rocks, is. as-
sociated with intersticies and is almost always reacting
with the ferromagnesian minerals (chlorite-sepentines)
originated in the prior stages.

This lack of petrological equilibrium could be a
consequence of the type and evolution of the petro-
genetic process. So our first data, from the field
to petrographic-geochemical ones, seem to indicate
that the processes, that formed the igneous rocks were
developed in various stages that were active for a
long time.

These processes of long-term-evolution deduced
from field and petrographic observations within se-
parate types of rocks (from monzogabbros to grani-
tes) are also observed within the same petrographic
rock-type so, for example, in a monzonite it is pos-
sible to establish several mineralogical crystallization
sequences, as well as mineralogical transformations
induced by the contribution of subsequent alloctho-
nous chemical elements, that we supposed similar to
those ones which later formed the granitic and horn-
fel rocks.

On the other hand in almost all the igneous rocks,
mainly in those of later origin, it is possible to state
a lack in the petrological equilibrum from the textural-
mineralogical and chemical data, for example through
the existence of anisotropic transformation sequen-
ces, that include from subsaturated to saturated mi-
nerals. So on a microscopic scale, it is possible to
observe over saturated zones (quartz-zones) and some
others with subsaturated minerals formed by serpen-
tinic-chloritic minerals. This apparent petrographic-
chemical anomaly is more evident in the hornfel rocks,
where there exists, on a microscopical scale, zones
with quartz+ sillimanite + feldspars and others with
spinel + kornerupine + cordierite.

All these last observations together with the field,
petrographic and chemical data on the studied igne-
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ous rocks facies seem to indicate that the origin of
these rocks is a consequence of petrological transfor-
mation processes that took place between the suita-
ble Keuper materials and metasomatizing silica-al-
kaline elements of endogenetic origin.

The petrological-mineralogical transformations that
took place between the silica-alkaline metasomatizing
elements and the suitable wall-materials of the Keu-
per, as well as the origin of the physical gradients
involved during these processes, are presently being
studied.
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