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RESUMEN

GEOGACETA, 7, 1890

ks of the Castillo de las Guardas

Cuerpos decamétricos de rocas ultrabdsicas aparecen en el interior de los gabros del
Macizo de Castillo de las Guardas (Zona Surportuguesa). Los datos de campo, petrografia,
quimica mineral y geobarometria muestran como estas rocas son acumulados méficos, los
cuales han sido reemplazados a ambientes subvolcdnicos como un sélido o «mush» desde

niveles profundos.
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Introduction

The South-Portuguesse Zone (Juli-
vert et al, 1974) is characterized by
felsic and mafic elongate plutonic bo-
dies, following the trend of regional
structures. At the Castillo de las Guar-
das massif (fig. 1) the mafic rocks
have essentially gabbroic composition
with pegmatoid facies in pods or sub-
horizontal, irregular bands. The contact
between the pegmatoid and host gab-
bro may be gradual or sharp. The
development of pegmatite in the felsic
rock induced a subhorizontal laminar
complex with alternating bands of apli-
te-pegmatite.

Ultrabasic, cumulate-like rock bodies

of decametric sizé'‘appear inside the
gabbros, showing a typical cumulate
texture. The ultrabasic rocks have ap-
parently sharp contacts with the host
gabbro (pegmatoid or not), -although
alteration obliterates relations at the
contacts. It is very common the peg-
matoid gabbro/cumulate rock asso-
ciation on the highs. The petrogenesis
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Fig. 1.—Geological map of the Castillo
de las Guardas Massif.

of pegmatoid gabbros has been attri-
buted to crystallization at shallow crus-
tal levels with high fzo (Beard &
Day, 1986; Schwidinger & Anderson,
1987; Pe-Piper, 1988), wile the cu-
mulate rocks has been related to insitu
crystallization or crystal settling at the
floor of the magma chamber (Wager
& Brown, 1968). At this notice, we
apply amphibole geobarometry to the
cumulate and host gabbros to know
the respective depths of crystallization.

Cumulate rocks

Two major cumulate rock types
are distinguished: the first has. hete-
roadcumulate texture with olivine, pla-
gioclase as cumulus and poikilitic cli-
nopyroxene and amphibole. The se-
cond type contains olivine as cumulus
and ortopyroxene, clinopyroxene and
amphibole as postcumulus. Its texture
is orthocumulate to heteroadcumulate.
The first type shows an olivine gab-

" bro-norite composition on the Strec-

keisen’s (1976) classification diagrams,
while the olivine cumulate rock is a
Therzolite. The residual porosities
(Campbell, 1987) of the cumulate
rocks are lesser than 25% for the
orthocumulate type and more than
40% for the heteroadcumulate rock.
They contain green spinel, as fine
grain sized cumulus crystals and as
inclusions in olivine, associated with
cromite.

Anhedral olivine shows fine to me-
dium grain size. In the lherzolites,
olivine is more magnesian than in the

grabbronorite, ranging in composition
from Fo84-85 at the first to Fo75-80
in the gabbronorite (from microprobe
data). It is very frequent the magneti-
te-+serpentine alteration along fractures.

Subhedral plagioclase is of fine to
coarse grain size and only occurs in
gabbro norites. It is zoned (core An90
and rim An70).

Poikilitic clinopyroxenes of the lher-
zolite (Di44-En49-Fe7) are very simi-
lar to the gabbronorite clinopyroxenes
ranging from Di48-End47-Fe5 to Di45-
En48-Fe7 (from microprobé data). Cli-
nopyroxene forms symplectite at the
edge with pleochroic amphibole.

Ortopyroxene is Dil-En85-Feld,
only appearing in the lherzolitic rocks.

Pleochroic amphibole encloses oli-
vine plus plagioclase in the gabbrono-
rites, and is interstitial in the lherzoli-
tes. Amphiboles of gabbronorite extent
from hornblende (after the Leake’s
(1978) nomenclature) with 3(A)>0.3
and Si<C6.6, to pargasitic hornblende.

The host gabbro

The textural and compositional fea-
tures of the host gabbro are very
variable. The gabbro ranges from pyro-
xene-amphibole gabbronorite to amp-
hibole gabbro. Pegmatoid gabbros with
plagioclase and amphibole of coarse
grain size are very frequent.

Common accessory minerals are
sphene, apatite, opaque minerals and
quartz.

Amphibole and plagioclase are do-
minant phases. There is also clinopy-
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roxene with reemplacement textures
to amphibole.

Subhedral plagioclase is zoned (core
An90 rim An30).

Amphibole is also zoned with a
pargasitic-edenitic hornblende core to
actinolitic hornblende-actinolite rim.
Note as the microprobe analyses show
an increase of Mg/(Mg+Fe2+) ratio
from the core to the rim which im-
plies an increase of fo, in the magma
as the crystallization proceeded (Ya-
maguchi, 1985; Pe-Piper, 1988).

Geobarometry of cumulate rocks
and host gabbros

In the last years it is very frequent
the utilization of hornblende as geo-
barometer in the plutonic rocks to
know the pressures under which the
rocks were emplaced (e.g. Beard &
Day, 1986; Hammarstrom & Zen,
1986; Hollister et al, 1987; Pe-Piper,
1988). We can apply the hornblende
geobarometer for cumulate rocks to
know if final crystallization occurred
at depth or at the actual level of
emplacement with the host gabbros.

The Hammarstrom & Zen’s (1986)
geobarometer (confirmated by Hollister
et al, 1987), in which the crystalliza-
tion pressure is calculated from the
Al content of hornblende, has been
used so hornblende is a common pha-
se in the studied rocks. Chemical
analysis were made using electron mi-
croprobe. Structural formulae have
been calculated according to Deer et
al. (1966). The Fe3+ content has

been considered to be the average
between the maximum (total ca-
tions=13, excluding K, Na and Ca)
and minimum (total cations=15, ex-
cluding K and Na) according to stoi-
chiometry, following the method by
Droop (1987) based on Stout (1972).
The resulting Mg/(Mg+Fe2+) ratios
are listed in table 1.

Figure 2 shows as the host gabbro
hornblendes crystallized at low pressure
(less than 2.6 kbar) and at high
oxygen fugacity as deduced from the
high values of the Mg/(Mg+Fe2+)
ratio at the external rim of zoned
crystals. The cumulate rock hornblende
crystallized at pressure more than 5
kbar. It is possible that several cores
of the host gabbro amphiboles crysta-
llized at pressures similar to the cu-
mulate rocks (note the analysis of
edenitic hornblende core near the
group of the cumulate rock amphiboles).
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Fig. 2.—Plot ofAl vs. Al total. The crysta-
llization pressures are based on regres-
sion equation by Hollister et al. (1987).
Note as the cumulate rock hornblendes
crystallized at greater pressure than the
host gabbro hornblendes. It is possible
that the hornblende cores of the gabbros
crystallized at more depth.

Discussion

The differences in mineral compo-
sitions between the host gabbros and
cumulate rocks, and the values of
pressure calculated from the horn-
blende geobarometer, show that the
intercumulation process (and accumu-
lation) occurred at more depth than
that of the host gabbro crystallization,
which was developed at shallow levels
at different physical conditions (e.g.
high fo and fy o) as noted by Bear
& Day (1986), Schwidinger & An-
derson (1987) and Pe-Pipper (1988)
in others pegmatoid gabbros. This im-
plies that the cumulate rock of the
Castillo de las Guardas massif was
re-emplaced as a solid or mush to
subvolcanic levels.

In another way, the existence of
different residual porosities (Campbell,
1987) in the cumulate rocks supports
the important role of accumulation to
produce efficient fractional crystalliza-
tion in the petrogenesis of the Castilllo
de las Guardas Complex.
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ABSTRACT

This paper tries to determine the strontium contents in different types of carbonated
rocks thus setting up a series evolutionary patterns related to the dolomitization process.

The evolution of these processes causes a strontium content decrease and, contrasting
with our data shown in the paper, it must be concluded that the low contents of this
element in the dolomites are related to the late diagenetic dolomitization processes. All
this being in agreement with the petrological studies carried out on this king of lithology.
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Introduccion

El trabajo objeto de este estudio,
trata de establecer un modelo geoqui-
mico evolutivo segun los contenidos
de estroncio en las rocas carbonatadas
del Creticico Inferior del NO de Can-
tabria, y asi poder determinar el ca-
racter diagenético-epigenético de estas
litologias en el entorno de las mine-
ralizaciones Pb-Zn.

En todas las miuestras tratadas
—calizas y dolomias—, se han reali-
zado andlisis por absorcién atdmica
asi como los correspondientes estudios
petroldgicos de manera que todas se
han cogido en dominios inmediatos a
las mineralizaciones Pb-Zn; algunas
series se tomaron en afloramientos
aunque la mayoria corresponden a
muestras de testigos de sondeos.

De todos los elementos traza viables
de analizar en este tipo de litologias
(calizas y dolomias), son pocos los

que ofrecen gran interés destacando
sobre todos ellos el estroncio que se
utiliza ligado al estudio de los procesos
diagenéticos. Trabajos relacionados con
esta linea, han tenido un gran des-
arrollo a partir de los afios setenta,
destacan sobre todo los de Kinsman
(1969); Veizer y Demovic (1974);
Jacobson y Usdowski (1976), Baker
et al. (1982) y Bustillo y Fort (1986).

Situacion del area estudiada

Las cuatro zonas estudiadas 1. La
Florida, 2. Novales, 3. Reocin y 4.
Santander se localizan dentro del 4rea
comprendida entre los paralelos
42°30°42” y 43°17°40” y los meridia-
nos 3°46’12” y 4°31’10”, ver fig. 1,
en donde ademds de aparecer una
relacion de las Hojas de escala
1:50.000 se expone la columna tipo
del drea estudiada correspondiente a

Strontium, Carbonated Rocks, Dolomitization, Evb/utionary Models, Lower

la facies urgoniana (Aptiense-Albiense).
Todas las muestras tratadas en el pre-
sente trabajo (576) estdn contenidas en
estos dos pisos, y el niimero de las
mismas correspondiente a las cuatro
zonas estudiadas es de 126, 47, 311
y 92, respectivamente.

Modelos evolutivos

Estos pueden ser de dos tipos:

a) Penecontempordneos. Aqui los
carbonatos pueden tener una compo-
sicibn muy variada. Por un lado po-
demos tener precipitacién de lodos
aragoniticos que si le quitamos el
contenido de Sr en los fésiles, tendre-
mos valores de 5.800 ppm (Milliman,
1974). Por otro lado, tenemos los
procesos de dolomitizacion penecon-

tempordnea en donde los contenidos

de este elemento segin Jacobson y
Usdowsky (1976) son de 324 ppm.
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