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Abstract: In Southwestern Spain there are various batholiths and plutons, mainly of adamellite
composition. associated with basic-intermediate rocks. generally diorites and gabbros. These are all
associated with epimetamorphic pelitic and carbonate rocks generally of Cambrian age.

The basic-intermediate rocks, considered by some authors to be igneous rocks of mantle provenance.
constitute “shallow™ masses that gradually become granitic rocks with increasing depth.

The geological field data together with the petrographic and geochemical data appear to support the
existence of a relationship between the nature of the sedimentary wall rocks and the origin and
diversity of the plutonic rocks.

These basic-intermediate rocks are believed to have originated from the transformation of suitable
sedimentary wall rocks by granitic rocks (mainly adamellites).

The transformation by intrusive granites of pelitic sedimentary rocks produced **secondary™ granitic
rocks and also various quartzo-feldspathic rocks many of them wrongly interpreted as sedimentary
rocks. When the granites affect marly of marly-carbonate rocks mafic minerals such as amphiboles.
pyroxenes and sometimes olivines are formed. As a result. quartzo-diorites, diorites, gabbros and
even some peridotites, as well as abundant granodiorites are produced.

The polyphasic character of these granitization processes have. in some cases, made basicrocks (e.g.
gabbros) appear to be enclosed within granites like intrusive rocks. This caused many geologists and

petrologists to interpret such rocks as later intrusive rocks from the mantle.
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Introduction

In Southwestern Spain basic-intermediate rocks (gabbros-
-diorites) crop out (Fig. 1) and in many cases are associated
with granites (mainly adamellites). They are also associated
locally with carbonate rocks following ENE -WSW Hercy-
nian structures. The wall rocks are composed of weakly
metamorphosed Paleozoic sedimentary rocks that appear
stratigraphically to be from Cambrian to Devonian materials.
These materials are mainly lutites and greywackes with
carbonate and quartzitic rocks.

The basic-intermediate rocks, which display a widespread
superficial distribution. have been described and in some
cases, petrologically studied. for example by Bard, 1965,
1977: Bard & Fabries. 1970: Priemetal.. 1970: Vegas. 1971:
Defalque et al.. 1971: Saavedra, 1979: Bard & Moine. 1979:
Garrote & Sanchez. 1979: Brun & Pons, 1981: Casquet,
1982: Rubio, 1982: Pons, 1983: Carnicero & Castro, 1983:

This paper was presented in the First Mecting of IGCP — Project No.

235 “Mctamorphism and Granitization™ held in Leningrad. 1988,
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Pons & Brun. 1984: Galindo & Casquet, 1987; Gonzalo,
1987: Schermerhorn, 1987 and others, as well as the authors
of the present paper.

Many workers cosidered that the basic-intermediate rocks,
mainly gabbros and diorites, arc of mantle provenance having
no relationship to the granitic rocks that generally appear to
be in contact with them. In some cases. they are related to
subduction zones through which “mantle materials™ emerge,
e.g.: Soler, 1973; Mueller et al., 1973: Bard et al., 1973,
1974; Vegas & Munoz. 1976: Velasco, 1976; Casquel
& Velasco, 1978: Casquet. 1980.

The authors of the present work, however. consider the
basic-intermediate rocks as having originated from syntec-
tonic transformation processes of sedimentary wall rocks.
mainly carbonates. by the granitic rocks: Sanchez Cela. 1971 ;
Sanchez Cela & Aparicio, 1972: Aparicio & Sanchez Cela.
1972: Sanchez Celay Ordonez. 1974: Aparicioetal., 1985,

Other authors, such as Alia Medina (1963) and Casquet
(1980). propose the existence of contamination processes in
the formation of some small basic outcrops in Southwestern
Spain.
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Geological features

In general and from a field geological point of view. three
outcrop-types of basic-intermediate rocks can be defined in
Southwestern Spain (Aparicio et al.. 1985).

1. Basic-intermediate rocks that are in contact with
carbonate rocks and gradually with depth converge with
granitic rocks.

2. Basic-intermediate rocks in contact with granitic rocks
which do not seem to be associated with carbonate rocks.

3. Basic-intermediate rocks that are in contact with
carbonate rocks which do not seem to converge with granitic
rocks. or these latter rocks do not crop out.

The relative lack of basic-intermediate rocks at some points
where the granitic rocks are in contact with the carbonate
rocks could be related to the non-existence in some zones of

o}

0 20 40 60 km

LI B )

1
ANAND -

|

AR BAL
Illl[ ,

T

|

--
117?1 I11'[|

4
E =3 smiesqartz-feld. rods + .+, | Granodiari tes-diari tes
E Carborate rocks ,ﬂ Gabtros-calc—silicate rods

Fig. 2. Schematic map in Zafra-Burguillos zone (Badajoz. Spain).
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suitable host sedimentary wall rocks (see below) or to some
crosion phenomena probably induced by tectonic processes.
Almost all the outcrops of the basic-intermediate rocks are
affected by various tecto-petrogenetic processes that have
altered the original petrogenetic-structural features of these
rocks,

The first tvpe is very frequent. Thus in the Jerez-Burguillos
zone it is possible to observe. from top o bottom. the
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following petrological sequnce (Figs. 2. 3. and 5) (Aparicio

& Sanchez Cela. 1972).

a) Carbonate rocks. composed of limestones and dolomitic
limestones which are mainly atributed a Cambrian age by the
presence of Archacocyathides (Perejon. 1977).

b) Calesilicate rocks with abundant skarn-mineralization.

¢) Basic rocks mainly composed of gabbros in gradual
contact-transition with the calesilicate rocks.

E
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Fig. 3. Schematic cross-section in Jerez-Burguillos zone (Badajoz. Spain).
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Fig. 5. Correlation between Cambrian sedimentary levels (A). igneous (gabbros. diorites) and metamorphic (skarn-hornfels) rocks (B) in

Burgwillos-Jerez zone (sce Fig, 2.
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d) Dioritic rocks also in gradual contact with the gabbros as
well as with granodiorite.

¢) Granitic rocks which range from quartzo-diorites to
adamellites and constitute the main masses of plutonic rocks
in almost all the igneous outcrops in Southwestern Spain.

The second type is observed, for example. in the Merida
outcrop (Fig. 4) where the dioritic rocks do not appear to be
related to the carbonate rocks although these sedimentary
rocks do crop out in nearby zones where there is a gradual
transition between basic-intermediate rocks and granitic
rocks. In this zone the existence of roads, quarries and some
mining facilitates the geological-petrological studies. These
dioritic rocks consitute shallow outcrops that gradually
converge with depth with the granitic rocks (Sanchez Cela,
1971). In this zone other geologists (Gonzalo, 1987) have
interpreted the diorites as rocks of a basaltic nature and of
a mantle provenance.

Locally, the basic-intermediate rocks appear isolated from
the granitic ones (3rd type). It is in these places that the
former are generally interpreted as proceeding from “deep
zones™ (mantle). There, the basic rocks. mainly gabbros, are
generally in contact with the carbonate rocks. skarn and other
calesilicate rocks. These latter rocks are interpreted, by some
authors, as the result of contact metamorphism associated
with the intrusion of gabbros.

In some places, such as Merida (Sanchez Cela. 1971) and
Burguillos (Aparicio and Sanchez Cela, 1972), the basic-in-
termediate rocks crop out like intrusive rocks (dykes) within
granitic masses. Field observations in mines and quarries
indicate that such rocks have no roots. In these zones the
“dykes™ are emplaced within alkaline granitic rocks of later
origin.

Petrography

The basic-intermediate rocks in Southwestern Spain have
been described by us in previous papers and also by other
petrologists. so only a petrographic résumé is given here.

— Olivine-gabbros with coarse to fine grained textures. composed
of plagioclase (60=T70 An). clinopyroxene. olivine (42-63 Fo).
+ orthopyroxene. hornblende. Fe-sulphur-oxides and other acces-
sory minerals.

— Gabbros s. L. also coarse to fine grained. are formed of
plagioclase (50 =70 An), clinopyroxene. hornblende and biotite. with
scapolite and Fe-suplhur-oxides as accessory minerals.

— Amphibole-gabbros, described as diorites and amphibolites in
various papers. are generally of coarse porphyritic-poikilitic textures
and formed of brown amphibole that includes plagioclase of two
compositions: 67—73 An and 43 -65 An. clinopyroxene and biotite.
Scapolite, opaque minerals and apatite are accessory minerals. Some
of these rocks can also contain green hornblende. quartz and
K-feldspar.

— Diorites s. 1 are the most abundant rocks (within the basic-inter-
mediate group) in Southwestern Spain. They exhibit various textures
but their mineralogical composition is quite consistent: amphibole
(green hornblende). plagioclase (35—45 An). biotite and quartz:
opaques, titanite, apatite and epidote are accessory minerals. Locally
alkali amphibole occurs. The diorites are frequently associated in
a gradual transition with granodiorites and adamellites.

Almost all the basic-intermediate rocks have generally
hypidiomorphic textures but in some zones the schistosity is
often present in dioritic rocks. These “gneissic diontes™ are
almost alwavs associated. in gradual transition. with various
metamorphic rocks of pelitic composition: schists. gneisses

and quartzo-feldspathic rocks variously interpreted as rang-
ing from granitic to rocks (Sanchez Cela
& Aparicio. 1982).

“arkosic™

Geochemical features
Muajor elements

The analysed rocks cover several petrographic types in
different outcrops where the petrographic sequences appear
to be better developed (outcrop type 1. with basic-inter-
mediate rocks in contact with carbonate and granitic rocks).

Many chemical analyses are from the previous work of
Aparicio et al. (1985). where the sedimentary rocks or rocks
of sedimentary origin (e.g. hornfels-skarns) were processed in
the same way as the igneous plutonic rocks for the purpose of
comparison.

The differentiation index (D.I.) values (Thornton and
Tuttle, 1960) in relation to the different oxides of granitic,
intermediate and basic rocks, as well as the wall rocks, are
shown in Fig. 6. There is a linear and continous evolution
between the sedimentary wall rocks and the granitic rocks
with the different basic-intermediate rocks in between.

The greater part of rocks with little SiO, corresponds to
calcsilicate rocks (skarns. diopsidites) and some gabbros.
These gabbros present a greater dispersion index although
they extend from the points for the calcsilicate hornfels to
those of the dioritic rocks.
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The beaviour of Al,O, is uninterpretable. It presents little
variation except in some calcsilicate hornfels and diopsidites
where AlLO, decreases as D. I. decreases. Na,O and KO are,
like ALLO;. not very expressive. Normally an increase in such
oxides corresponds to a gradual increase in the D. 1. The
decrease in Na,O is established in the diorite field and
subsequently it decreases in the calesilicate hornfels (Aparicio
et al., 1985).
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CaO and MgO exhibit a gradual decrease from  the
sedimentary wall rocks (carbonate rocks) to the granite. FeO
cvolution is generally in inverse relation to the DL L. so lower
D. 1 values correspond 1o higher FeO ones. except when the
D. 1. = 30 where this correlation does not seem to exist. TiO,
and MnO. due 1o ther low percentages, are not nterpre-
table.

The AFM dingram (Fig. 7) shows a calcalkaline trend with
some inversions in the basic hornfel rocks.

The Al-factor and Fe-factor diagrams (Nesbitt & Cramer.
1981) (Fig. 8) display a continuous geochemical evolution
between the sedimentary wall rocks. the basic-intermediate
rocks and the granitic rocks.

Minor elements

In general. the minor clements show an analogous be-
haviour with the major ones. The values of these clements
corresponding to D. L. values are shown for different rock
types in Fig, Y,
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Sr shows a linear increase from granitic rocks to sedimen-
tary wall rocks (carbonate rocks). This minor element seems
to he muinly contained within plagioclase and pyroxenc.

Rb displays a good lincar evolution without gaps between the
sedimentary wall rocks and the granitic rocks. The greater
concentrations are in K-feldspar-biotite rocks. The ratio
K/Rb (Fig. 10) is lincar for all of the rocks. although the
granitic ones exhibit a greater dispersion.

Pb. with analogous amouns in the carbonate and basic
rocks. shows a greater concentration in the rocks with high D.
I. values. Zn displays a wide dispersion in the basic rocks and
a smaller one in the granitic rocks.

Zr displays a more linear evolution. with low values in the
carbonate wall rocks and slightly higher values in the granitic
rocks. Ni with high values in the carbonate rocks shows. in
gencral, o wide dispersion. La is very constant in all
petrographic types.

With respect to the mineral composition. the conclusions
arrived at by Aparicio et al. (1985) from the chemical analyses
of clinopyvroxenes. olivines and amphiboles show a gradual
transition in the element-contents among the episedimentary.
basic. intermediate and acidic rocks. where the rock-mineral
relationships show cquilibrium conditions between them.
These results represent a strong  objection against the
existence of two different magmas for basic-intermediate
rocks and acidic rocks (“mantle™ and “erustal” magmas).

Petrogenetic model
Intraduction

In the formulation of our petrogenetic model. already
outhined in previous papers. for example. Sanchez Cela and
Aparicio (1972). we have taken field, petrographic and
geochemical data into account as well as the following:

a) Nature of sedimentary wall rocks,
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b) Nature of allochthonous chemical elements deduced
through petrological and chemical data.

¢) The physical state of the processes of transformation and
origin of the thermal energy.

d) Some mineralogical transformations in the formation of
gabbro-dioritic rocks,

The original nawre of the sedimentary wall rocks

As we have already stated. the authors of previous works
(Sanchez Cela. 1971: Aparicio and Sanchez Cela, 1972:
Sanchez Cela and Aparicio. 1972) have considered a certain
relationship between the basic igneous rocks and the carbo-
nate ones, constituted by limestones and dolomitic limes-
tones, mainly of Cambrian age. These “initial deductions™
were a consequence of the fact that the basic igneous rocks
usually seem to be in contact with these rocks.

Subsequent stratigraphic observations at the locations of
the basic igneous rocks have led us to consider the possibility
that the “true sedimentary habitat™. in relation to the place of
emplacement of these rocks, cannot be defined exactly. Thus.
subsequent  stratigraphic revisions completed with some
sedimentological deductions seem to indicate that as well as
dolomite-limestone rocks marls are also relatively abundant
in the Paleozoic sequence. Surprisingly. these materials in
many cases scem to correspond to the “location™ of many
igneous rocks from basic to intermediate tvpes in Southwest-
ern Spain (Fig. 5).

From sedimentological deductions and references to the
composition of the sedimentary materials in these stratig-
raphic levels, where they seem to be less affected by the
alteration and transformation processes. (¢. g. Zharkov,
1984). we can deduce that the wall materials. now associated
with igneous facies, could have had a different composition in
Hercynian times. for example. they were richer in solute
materials. The post diagenetic petrological and tectonic
processes have produced a lack of correspondence between
the actual sedimentary wall materials and their original
composition. Petrographic. geochemical and X-ray data
indicate that the marly-evaporitic materials in the Cambrian
and also in the Devonian. are formed by various illites-musco-
vites. chlorites. carbonates and sometimes sulphates of mainly
Ca. Na. Mg and Fe. Quartz. Fe-oxides. feldspars. constitute
some subordinate accessory minerals.

For this reason. in Paleozoic times. for example. in the
Cambrian. the compositions of the sedimentary materials
were different from the present. So. as well as carbonate
components. they could have included more sulphates.
chlorites and some other salts. presently altered or not
recorded superficially.

The presence of salty materials is very important in the
petrological transformation processes in two ways: the cations
(c. g. Ca, Mg,) participating in the formation of new minerals
and the anions, together with water. increasing the activity of
the reactions. On the other hand. we also know that the
transformation processes reach some lesser depth range in the
compact carbonate rocks because of the difficulty of penetrat-
ing these materials by metasomatizing elements. Thus, the
carbonate rocks seem to constitute an impermeable cover to
mobile chemical clements. As a consequence. the petrological
transformation-contamination processes in the lower levels



40 SANCHEZ CELA and APARICIO YAGUE

can be more intense because it is there that the mobile and
active elements are concentrated. If. at the same time. these
processes are active for a long time affecting “suitable
materials™ it is not very difficult to understand “where and
why™ they took place (Sanchez Cela. 1984).

The nature of the chemical allochthonous elements

The geochemical data (Aparicio et al.. 1985) lead us to
consider a unique series for the evolution of all the petrog-
raphic types of basic intermediate and acidic igneous rocks
and the different metasedimentary contact metamorphic
rocks. The geochemical gradation. without compositional
gaps, gives support to the theory that the basic-intermediate
rocks of Southwestern Spain are the result of processes of
transformation (Sanchez Cela, 1971: Aparicio and Sanchez
Cela, 1972; Sanchez Cela and Aparicio. 1972).

Some authors have explained the origin of calcsilicate-
-hornfel rocks, appearing in contact between sedimentary
carbonate rocks and igneous basic rocks (gabbros), as
a consequence of contact metamorphism originated in the
induction of primary basic magmas of deep origin (Velasco.
1976: Casquet and Velasco, 1978; Casquet. 1980: Gonzalo,
1987, and others). Independent of the origin of the ore
minerals, which these authors attribute to the same magmatic
source. a view that we do not share. we believe that the
skarn-calcsilicate rocks are always a consequence of an
interaction between carbonate wall rocks and granitic intru-
sive materials either within a magmatic environment or
a metasomatic one. On the other hand it is very difficult to
understand how a chemical metasomatic interchange between
the basic intrusive materials and the carbonate wall rocks can
take place in the same ratios as the granitic ones.

Pursuing the same argument then. the skarns would.
therefore. constitute the transformation fronts of such proces-
ses which have not overtaken other levels because of the
isotropic behaviour of the pure carbonate rocks. These rocks
seem to have acted as a “isolating cover™ in relation to the
infiltration-diffusion chemical process produced by the grani-
tic materials. which acting for a long time could give rise to
workable economic minerals.

In this way some authors, such as Ruiz (1976). Vazquez
Guzman and Fernandez Pompa (1976). Calvo (1980),
attribute the ore minerals associated with skarn rocks as
originating from remobilization processes of sedimentary
provenance.

The thermal energy associated with the origin and emplace-
ment of granitic masses is the main cause of why many
scattered minerals in the sedimentary materials are trans-
formed. remobilized and concentrated in suitable upper
petrological-structural environments (e.g. domed structures
covered by carbonate rocks. Sanchez Cela, 1984).

The nature of allochthonous chemical matter together with
the thermal energy and the main causes of the petrogenetic
transformation processes can. in our opinion. be deduced
from the nature of the basement rocks in Southwestern Spain.
As we have already said. the field geological studies indicate
that in many places a more or less continuous granitic
basement exists.

On the other hand. in those zones covered by sediments or
where the field geological studies do not appear to imply
a granitic basement. the geophysical studies can be of great
help. Geophysical transverse studies (Boloix et al.. 1983:

Grupo Perfiles Sismicos. 1983: Banda. 1987) appear to
confirm a thick crust where at least 30 km must be attributed
to the existence of ““granitic” materials. however the existence
of basic-ultrabasic masses at shallow crustal levels cannot be
proved either by petrological or geophysical investigations.

So. the main chemical contribution to the petrological
transformation processes (origin of basic-intermediate rocks)
arises from the granitic basement. These chemical granitic
clements are securely related to sialic thickening phenomena
that took place either in solid (metasomatic) or melting
(magmatic) states.

The physical state of the process and origin of the thermal
energy

We consider that estimating the temperatures reached
during the petrogenetic processes. although important in
distinguishing between magmatic and metasomatic processes.
is not as important as discovering whether the gabbros. for
example. correspond to igneous rocks from mantle prove-
nance or whether they could have formed at shallow levels of
the Crust through the transformation processes according to
the model proposed here.

Although we still have no data on the thermometrical
meaning of some parageneses of the basic-intermediate rocks,
we can obtain some information on the thermal environment
during the crystallization of the transformed pelitic rocks
associated with the basic-intermediate rocks. In some zones
granitic rocks exist with cordierite, sillimanite and sometimes
garnets. Field-petrological studies show that these rocks
belong to the same Hercynian petrogenetic episode that gave
rise to the basic-intermediate rocks. Thus, at the same time as
the marly-carbonate wall rocks were being transformed into
various plutonic basic-intermediate rocks the associated
lutitic sedimentary rocks were being converted into new
granitic rocks, in many cases with “metamorphic™ minerals
(Sanchez Cela and Aparicio, 1982).

On the other hand, a close relationship appears to exist
between the geochemical and thermal phenomena in the
Earth’s Crust. So the origin and later emplacement of the
granitic masses in the Crust appear to be related to important
phenomena that took place in the Upper Mantle. where and
according to a new physical-chemical model. the denser
matter is being transformed into a “granitic’” one (Sanchez
Cela. 1990). In this model the granitic rocks were and still are
produced more or less cyclically by means of a transformation
of the Upper Mantle into Crust which consequently is
becoming thicker.

The transformation of Upper Mantle into Crust involves
interesting geochemical, geophysical and energy phenomena
that can easily be explained through the existence of
polymorphic physical changes already in the Upper Mantle.
These changes include the liberation and mobilization of
thermal and chemical energy from the Mantle to the Crust.
The “*mantle granitic”” elements during their upward move-
ment can make contact with various mainly sedimentary
materials, many of which are very suitable to be transformed.
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Some petrogenetic considerations and mineralogical trans-
formations

In the Cambrian sedimentary materials in Southwestern
Spain. from a compositional point of view, the following
sequence can be established: Anupper level (relative) formed
by massive limestones. dolomitic limestones and dolomites
with a thickness between 50 and 300 m. An intermediate level
formed bv dolomitic marls and lutitic marls of vanable
thickness. A thick lower level formed by lutitic rocks with
greater or fewer intercalations of greywackes and sand-
stones.

The presence of the carbonate rocks in the upper level is
a verv important feature in the origin and evolution of
possible petrogenetic processes that could have taken place in
the lower and suitable levels. These carbonate rocks act as an
“impermeable cover™ in the chemical-physical processes.
making it possible for petrogenetic processes in lower levels
(e.g. marls) to act for a longer time.

Petrologists are aware of the suitability of the carbonate-
-marly materials to be transformed when they are affected
by active chemical elements (mainly silica) at moderate-high
temperature.

The salty materials. mainly of SO,>~. CO,>~ and CI". are
very important in petrological processes. Because of their
high solubilities in aqueous fluid they can be transported
easily by static-dynamic fluids. On the other hand. the anions
act as activators or buffers of the reactions. and the cations can
participate in the formation of new minerals (mainly silicates).
The reactions involve simple ion-exchange (e.g. alkalis) in
micas and feldspars at low temperature to the formation of
various ferromagnesians (e.g. amphibole. pyroxene) at higher
temperatures.

From various petrographic studies of basic-intermediate
rocks. mainly in zones associated with carbonate and granitic
rocks. we deduced that many ferromagnesian minerals were
produced by mineralogical reactions between carbonate-mar-
Iv materials and granitic elements. mainly silica. So. in many
basic-intermediate rocks. mainly in diorites, it is possible to
deduce the existence of sedimentary restitic minerals, mainly
carbonates associated in gradual zoned transition with am-
phibole. pyroxene and even olivine (gabbros).

Although the petrological evolution-zonation between
carbonate rocks and adamellites was, in many cases, altered
by later tectonic-petrological processes. it is possible in some
places (Sanchez Cela. 1971: Aparicio and Sanchez Cela.
1972) to deduce the existence of a petrological zonation
between basic-intermediate rocks. carbonate-calcsilicate
rocks and adamellites (Fig. 5).

From the correspondence between sedimentary rocks
(mainly Cambrian) and basic-intermediate rocks together
with petrographic studies we have deduced that the gabbros
were produced by transformation of the carbonate-marly
levels, the diorites by transformation of the marly levels and
the quartzo-diorites and granodiorites by transformations of
pelitic-marly levels.

— In the origin of a gabbro formed by plagioclase (labrado-
rite). clinopyroxene (diopside and/or augite). orthopyroxene
and olivine. the following transformations can be considered:

KALSI-O(OH), + Na'™ + 2Ca°
illite
NaAISHOg + 2CaALSHOy+ KT 4+ 4H”
labradorite

p—

(.H.”‘l,'l"(-“ i)+ 2510-
dolomite

CaMgSi-0,, + 2C0O,
diopside

2CaMg(CO;)y + Si0; ——— MgaSi0,; + 2CaCO; +

+ 2C0O; forsterite

Mg ALSHO W OH ). + CaMg(CO;3): + 4810, ——
Mg-chlorite

IMeSiO: + CaMgSi;O0sALO; + 2C0O5 + 4H,0

enstatite augite

— In the origin of a diorite with plagioclase (andesine).
amphibole (tremolite and/or hornblende) and biotite. the
following reactions are deduced:

S) IKALSI=0s0OH), + 48105 + dNa " +3Ca* " ——— ]
illite
INaALS Oy +3CaALSHO + SHT + 2K7
andesine

6) 3CaMg(CO s 4 88105 + H2O — CasMgsSig(s:(OH ) -
dolomite tremolite
+ 3CaCO; + 7CO-

T) ALSLOWMestOH) g + 2KALSi-05000H), +
Mg-chlorite illite
+ 19CaMg(CO;3), + 25810 + 2H' ——
OHCa-Me,ALSI-O5(OH ), + TCa(CO5)2 +
hornblende
+ 31CO, + 3H-0 + 2K~

>2]

8) KALSO(OH )y +15CaMg(CO;)s + 8510, +
illite dolomite
+ SH-0 4+ 4K —— SAMg;AISHO 0(OH), +
Mg-biotite

+ 15CaCO; + 15CO; + 4H"

Mg-biotite can also be produced through the following:

9) MgsALSHOWOH) e + CaMg(CO;5)» + 3Si0- +
Mg-chlorite
+ 2K*

2KMg:AISHOOH), + CaCOs + 3)
Mg-biotite
+ H.O + CO, + 2H"

Both. hornblende and biotite can be produced through the
reactions:

1) 2MesALSHO W OH) s + KALST-0500OH ), +
Mg-chlorite illite
+ 9CaMg(COL)s + SiOs >
Ca-Mg, ALSI-O:0O0H) s + KM AISGOWOH) s +
hornblende Mg-biotite
+ CaCO; +17COs + 3H-0
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L1) KALS-O O H ), +
illite
+ AH.0 + 2K Ca M ALSI-0 o OH )
H hornblende
+ IAMeAISGO O + 11CaC0: + 1300
Me-biotite

13CaMel(CO:)s + US10-

4.

1

o 2H
— In the origin of granodiorite and gquartzo-diorite that gri-
dually evolve into diorites and adamellites. we deduce the

following reactions:

12) IRALSI-O0(OH ), + 8Si0: + 7Na ™ + 4Ca

illite
5) — NS Oy + 4CaALSHO + 12HT + 3K
’ andesine
13) KALSi-O 0t OH )+ 8810 + K7 — SRASHO +4H
illite K-leldspar
Both. plagioclase and K-feldspar can be produced by:
14) 3KALSI-O s OH ), + 8SI0: + 4Ca° " + 4Na" ———
6) e e .
—— ANaAISEO, + 4CaAlSI-OL + JKAISKOL +
+ 12H7
The ferromagnesian mincrals, mainly biotite. could be
produced by reaction number 8. The excess of SiO. will
produce quartz.
Many of the reactions deseribed above are controled by the
cation H™ ratio activity. Some of the cited reactions liberate
H* which can alter the sense ol the reaction and produce
retrograde  or  break-silicate reactions. The presence of
cvaporites s very important since these anions (SO °
CO. ) can act as buffers:
7) SO7 + H  ———HSO;: COi + H™ ——— HCO;

In this way the prograde reactions can continue.

Final considerations

The formation of calesilicate rocks and skarns is generally
explained by transformation-metamorphic processes that
took place between intrusive granitic rocks and the carbonate
wall rocks. The question is then: how can basic magmas
produce the same mineralogical paragenesis as the granitic
magmas in the same carbonate sedimentary wall rocks. (c.g.
Archacocvathide-Cambrian limestones)?

We fail to understand how theoretical magmas of gabbro™
and “eranitic” compositions cin generate analogous or equal
paragenesis in the same wall rocks.

AL present. we

can not understand  the reason why
gcologists postulate various  petrological  transformations
between granitic clements and pelitic or carbonate wall rocks
(c.o. various hornfelses) when the marlv-evaporitic materials.
present inomany  stratigraphic sequences as transitional
materials between the carbonate and lutitic rocks. are not
considered to be transformed. Yet petrologists are aware that
marly-evaporitic materials can be transtormed when affected

APARICIO YAGUE

chemical clements silica and  alkalis)

moderate-high temperature.

by active (c.g.

Geochemical diagrams and chemical mineralogy appear to
demonstrate a linear evolution between the sedimentary wall
rocks. busic-intermediate rocks and  granitic rocks. The
gradutional chemical evolution could point to the existence of
o relationship between the sedimentary wall rocks and the
origin and the evolution of the basic-intermediate rocks. We
know that the geochemical data for basic-intermediate rocks.
treated in isolation from  granitic rocks. could also be
incterpreted  as indicating  their formation by fractional
cryvstallization of basic-intermediate magmas from o mantle
provenance. but we to take into account the field
geological. petrological and geophysical data to the contrary,
These data indicate that from bottom to top the thick granitic
masses  (mainly adamellite) gradually evolve into inter-
mediate rocks (granodiorite-diorite), gabbros. calesilicate
rocks and carbonate sedimentary rocks all generally of
Cambrian age. In such an association it is very difficult 1o
establish a geochemical balance from adamellites to gabbrosaf
we consider the origin of the whole of this “petrological unity™

have

to be the fractional crystallization of basic mantle magmas.,
The presence in some places of basic-intermediate rocks as
“dvkes™ within granites. thought 1o be magmatic rocks
originated from fractional cryvstallization of “mantle mag-
mas”. could. however. be formed through two or more
structural-petrological transformation episodes. A first Her-
cvnian episode when basic-intermediate rocks are produced
by transformation of carbonate-marly materials (e.g. Camb-
rian) by adamellites have related to
a thickening sialic phenomenon: later and related to the origin
of alkaline granites and thickening sialic phenomenon. the
previous basic-intermediate rocks can be affected by some
distensional-compressional phenomena. as appears to occur
in some rifting zones. In such dynamic zones. the basic-inter-

intrusive that we

mediate rocks can suffer various structural-petrological trans-
formations. such as silicification. feldspathization. epidotiza-
tion. cte. of the previous gabbros or diorites which now appear
to he enclosed within the later alkaline granites.

An understanding of the physical state reached during the
formation or emplacement of the gabbros and diorites in
Southwestern Spain is one of the aims of petrogenesis. There
is another important aim: to determine whether such rocks
are from mantle provenance or. on the contrary. they were
produced as a consequence of transformation of suitable
carbonate-marly materials by the chemical. thermal and
dvnamic activity during formation and emplacement of
eranitic rocks in the upper levels of the Crust.
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