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ABSTRACT — In this paper we present the mineralogical results of our study of
the External Subbetic sequences (Betic Cordillera, Spain) and establish an
ipitial comparative analysis with regard 1o the geological environment of
these deposils and the paleogeography of the Jurassic basin in both (he
Median and External Subbetic realms.

The mineralogy consists of calcite, dolomilte, quartz, K-leldspar, illite, chlo-
rite, kaolinite, smectite and mixed-layer illite-smectite.

I both realms the stratigraphic sequences are transgressive moving towards
the top and the most internal zones. From our study of all of the sequences
we have been able 1o conclude that no relationship exists between any par-

Licular tithological facies and any one mineral association.

Introduction

The Betic Cordillera forms the

westernmoest  part of  the Alpine
Mediterranean chains. Two main
geological realms can be distin-

guished (Fig. 1): (1) the Internal
Zones, which consist mainly of over-

thrust  units  of  Friassic and
Palacozoic materials, although in

some units, Mesozoic, Tertiary and
probably Precambrian terrains can
also be found, and (i1) External Zones
called Prebetic and Subbetic Zones
(BLUMENTHAL, 1927; FALLOT,
[948). In the Subbetic Zones it is
possible 1o three sedi-
mentary realms through the facies

identify

and the thickness of the Jurassic
materials: External Subbetic, Me-
dian Subbetic and Internal Subbetic
(GARCIA DUENAS, 1967: FONT-
BOTE, 1970). In the External Zones,
Palacozoic materials are not exposed.
The cover consists mainly of Meso-
zoic and Lower Miocene materials.

Since 1980 the Authors have been
carrying out mineralogical research
within the grey marls and marty
limestone facies which make up part
of the Jurassic sequences of the Me-
dian Subbetic Zone (PALOMO DEL-
GADO et al,, 1981, 1985). The geolo-
gical and mineralogical importance
of this facies has been pointed out in
the above mentioned works.

In this paper we present the resulis
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of our mineralogical siudy of the Ex-
ternal Subbetic sequences and estab-
lish an initial comparative analysis
between the geological environment

of this deposit and the palacogeogr:
phy of the Jurassic basin in both, th
Median and External Subbet
realms.

Betic
Cordillera

[

Almeria

g

U

MEDITERRANEAN SEA

0 30 60km
i

B c

Fig. 1 - Geological setting of the material studied {scheme of LOPEZ GARRIDG & VERA, 197
A: Internal Zones of Betic Cordillera; B: Median Subbetic. Stratigraphic sequences: SE = Siel
Elvira, CO = Colomera, Z = Zegri, CM = Cerro Méndez; C: External Subbetic. Stratigrap!
sequences: LC = La Cerradura, HU = Hudscar, GU = Guarrumbre, MA] = Majarazan, FV = Fue
Vidriera; D: Prebetic Zone; B Variscan Massil of the Meseta (Spanish Plain).
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Geological setting, lithological facies
and age of the materials studied

A scheme of the geological aspects
of greatest interest, such as the loca-
tion ol the stratigraphic these se-
quences, together with those of the
Median Subbetic, can be seen in
Fig. 1.
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studied and their geological context
appear in Fig. 2. As can be deduced
from this figure we have not always
been able (o collect specimens of
marly limestone and marls in the
field. The greater part of older mate-
rials, below those which we have stud-
ied, are non-detrital facies and car-
bonate platform facies (bioclastic

The spatial and temporal distribu- wackestone, crinoidal  grainstone,
tion of the types of lithological facies  mudstone with chert). In places,
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Fig. 2 - Spatial and ternporal distribution of the types of Hthelogical facies studied. B: Bajocian;

A: Aalenian; UT: Upper Toarcian; MT: Middle Toarcian; LT

Domerian; MD: Middle Domerian; LD: Lower Domerian; UC: Upper Carixian; 1: Bioclastic

: Lower Toarcian; UD: Upper

wackestone; 20 Crinoidal grainstone; 3: Hiatus; 4: Radiolarites; 5: No outerops; 6: Mudstone with

cherl.
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either a hiatus exists or the materials
of these ages do not outerop. The up-
per limit of our sampling is deter-
mined by the disappearance of the
detrital facies (presence of radiolar-
ites, bioclastic wackestone, «ammo-
nitico rosso», etc.) or by the lack of
the more modern material outcrops.
Nevertheless, we have been able to
collect sufficient mineralogical, strati-
graphic and paleontological data
a sufficiently representative
facies in the

[rom
arca of the detrital

Subbetic  Zone 1o present an
initial hypothesis  concerning  the
palacogeography of this Jurassic
basin.

Methods and results

We analyzed the samples by X-ray
diffraction using a Philips
diffractometer, PW-1710, under the
following experimental conditions:
CuKua radiation, Ni filter and a speed
of 2° 20 per minute. We prepared
several classes of samples: a) un-
treated dry powder specimens, b)
oriented ethylene-
glycol and dimethyl-sulphoxide satu-

specimens, ¢}

rated oriented specimens, and d)
heated to 550 °C oriented specimens.,

For the oriented samples we cho
to use clay {<2pm) and silt (2-20pr
fractions obtained by sedimentatio

Quantitative analysis was carri
oul based on the intensity factors er
ploved by SCHULTZ {(i%4) a
BARAHONA (1974).

Mineralogy of the bulk sample

The bulk sample consists of calcii
dolomite, quartz, potassium feldsp
and clay minerals (illite, chlori
kaolinite, smectite, and mixed-lay
illite-smectite). Table I shows t
average proportions and in Fig. 3 a
Figs 4 1o 8 the mineralogical co
position of each of the sequences siu
ied can be seen.

As can be seen in Fig. 3 the disp
sion of the mineral composition
the samples is greater in the out
sequences («FV» and «MAJ»), that
those lying furthest 1o the NE-E.
all cases the appreciable variatio
correspond 1o the calcite+dolom
and clay minerals, while the var
tion in the proportiens of quartz-+
feldspar remains between 5% a
10%. The average composition
cach sequence indicates a similar
between «LC», « MAJ» and «FV»

FasLe 1
Average (%) mineralogical composition of the sequences siudied

Sequence Calcite+Dolomite Quartz+Feldspars Clay Minerals
«La Cerradura» 10 52 18
«Huéscar» 7 60 33
«Guarrumbre» 7 59 34
«Majarazan» 10 50 40
«Fuente Vidriera» 11 50 34
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Fig. 3 - Triangular diagrams showing the minera) composition. The average composition of the
stratigraphical sequences is plotted in the central triangle. C: Calcite; D: Delomite; Q: Quartz;
FdK: Potassium feldspar; CM: Clay minerals.
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Fig, 4 - Mineralogical composition of the «La Cerradura» sequence. 1: Calcite; 2: Quartz; 3: Clay

minerais; 4: Dolomite; 5: Potassium feldspar; 6: Hlite; 7: Chlorite; 8: Kaolinile: 9: Smectite:

10: Mixed-layer ithite-smectite; B: Bajocian; A: Aalenian; UT; Upper Toarcian; MT: Middle

Toarcian; LT: Lower Toarcian; UD: Upper Domerian; MD: Middle Domerian: LD: Lower
Domerian; UC; Upper Carixian.
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opposed to « HU» and «GU», [t is thus
possible to deduce that the external
sequences probably received mineral
contributions from several sources.

Clay minerals (<2um and 2-20um frac-
tion)

The clay minerals present are illite
(1), chlorite (Chl), kaolinite {K), smec-

tite (Sm) and mixed-layer illitc
smectite (I-Sm). Figures 4 to 8 shos
the quantitative variations from th
bottom to the top in the stratigraphi
scquences studied.

Starting from the criteria pre
sented in an earlier work on Jurassi
sediments (PALOMO DELGADQO
al., 1985) we have established sever:
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Fig. 5 - Mineralogical composition of the «Huéscars sequence. Legend as in Fig, 4,
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Fig. 6 - Mineralogical composition of the «Guarrumbre» sequence, Legend as in Fig. 4.

associations of clay minerals accord-
ing to whether or not they occur and,
il so, their relative abundance. Thus,
the following associations can be
distinguished:
Association A: I, Chl, K
Association B: I, Chl, {(Sm)
Association C: 1, Chl, S
Association D: I, Chl, [-Sm {only
present in the Median Subbetic)
Association E: I, Chl

The italics indicate the presence of

cerlain minerals considered to be in-
dicative and the brackets indicate
that, although the presence of a

mineral is constant through the se-
quence, it is only present in small
proportions.

Spatial and icmporal distributions
of these associations and their rela-
tionship with the lithology of the var-
ious sequences are shown in Fig. 9.

Comparative study of the sedimenta-
tion in the Median and External Sub-
betic

The bulk mineral composition at
both palacogeographical realms is
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Fig. 7 - Mineralogicai composition of the «Majarazan» sequence. Legend as in Fig. 4,

very similar: calcite, quartz, dolo-
mite, K-feldspar and clay minerals
{illite, chlorite, kaolinite, smectite
and  mixed-layer  illite-smectite).
Nevertheless, the quantitative study
of the bulk mineralogy reveals signif-
icant differences, which are expressed
graphically in Fig. 10. Figure 10a
shows clearly that the standard de-
viation of percentage lor any of the
minerals under discussion is greater
in the Median Subbetic sequences. In
{act, the coefficients of variation (V)
for quartz+K-feldspar reach values
of between 30 and 43 in the Median
Subbetic, while in the External Sub-
betic they range between 10 and 21,
Similarly the values of V for the car-
bonates  {calcite+dolomite) range
from 4 1o 32 and 7 10 17, and for the

clay minerals from 7 to 34 and from
11 to 19 in the Median and External
Subbetic sequences, respectively.

According 1o our data, the strati-
graphic sequence which registers the
largest quantitative
the three mineral groups is «Zegrin»,
in the Median Subbetic, with V=
43 {quariz+K-feldspar), V=32
(calcite+dolomite) and V=34 (clay
minerals). In the External Subbetic
the maximum values are 10 be found
in the «Huéscar» sequence, where
V=22 (quariz+K-{eldspar) and in the
«Majarazan» sequence, where V=17
(calcite+dolomite) and V=19 (clay
minerals).

variations in

It is logical to surmise, therefore,
that the sedimentation in the Median
Subbetic took place under notably
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Fig. 8 - Mincralogical composition of the «Fuente Vidrierar sequence. Legend as in Fig. 4.

different conditions, above all with
regard to the guantity and period-
icity of the detritus, than those of the
External Subbetic, where conditions
appear to have been more constant.

This agrees with the hypothesis

that the Liassic-carbonate-platform
break-down began in the most exter-
nal area (GARCIA HERNANDEZ ¢/
al., 1980) and that the mineral asso-
ciation in these {irst detritic deposits
is relatively homogeneous. On the
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Fig. 9 - Spatial and teraperal diswribution of mineralegical associations and their relationship with
the tithology of the various sequences. A: T, Chl, K; B: 1, Chl, (Smr); C: 1 Chi, Snr; B 1, Chl Ages as ir
Fig. 2.

other hand, the deepening of the
basin and/or a distancing of the inter-
nal zones {rom the continent, with a
corresponding  variability in sedi-
mentation, and furthermore, the
possible existence of emerging areas
(«Dorsal Medio-Subbética», BUS-
NARDO, 1979) all go towards ex-
plaining the high values for the
coefficients of variation which we
have encountered. An especially re-

have mentioned abaove, in the « Zegri.
sequence. We shall 10 this
palacogeographical swell site later
on.

When we relate the different ages
of the materials studied (o the coeffi.
cients of variation (Fig. 10b} it is ¢leal
that much greater variability is 1o be
found in the Median Subbetic se
quences than in the External ones

return

In the latter sequences the highes

vealing example of this occurs as we  values of V  (quartz+K-feldspa
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Fig. 10 - Mineratogical composition. (a): in relation with the sequences studied: (b} in relation
with the age of the materials, The standard deviation is indicated by the bar and the arithmetic
average by the cross-bar. Legend as in Fig. 4.
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=26, calcite+dolomite=20, clay
minerals=:17) correspond 1o the Low-
er Toarcian, while in the Median
Subbetic we have been unable to une-
quivocally assign the materials 10 a
period with any precision. In any
case the Domerian-Toarcian limit is a
moment in geological hisiory char-
acterized by a crisis in the develop-
ment of the fauna, with a disappear-
ance of benthonic organisms, cvi-
dence of predominantly juvenile
forms and the existence of euxinic
conditions (BRAGA e al., 1982). All
these facts could be related 1o the
described
above, such a variation in the mine-

mineral characteristics

SH NE  SW-N

ral content and a decrease in the pro-
portion of carbonate materials pre-
sent.

The study of clay minerals and the
establishment of various minerat
associations {(PALOMOQ DELGADO e/
al., 1985) has enabled us to carry out
a comparative study of the geological
environment of the deposits in the
Median and External Subbetic (Fig.
11). Our conclusions concerning its
temporal  and  spatial
appear below.

We have found similar mineral
associations in the External Subbetic
and in the Median Subbetic. In the
External Subbetic, however, we have

evolution

HE-E

ldedian Subbetic

External Subbetic

SE co z CH

LC HY GU #Ad Fv

Fig. 11

- Relationship between the lithology of the sequences and the mineral associations,

Lithology: 1, Grey marls and marly Hmestone: 2, «Ammonitico Rosso» facies: 3, Red and pinky

limestone

sandy marls and grey marls; 4, Limestones and marls with clert nodules; 3, Nodular

limestones: 6, Brown marts. Clay mineral associations: A: 1, Chl, & B: [, Chl, (Sm): C: 1, Chl, Sm;
D01, Chl, /-8nr; E: 1, Chi Ages as in Fig. 2.
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identified a new association E, made
up of illite+chlorite.

In both realms the stratigraphic
sequences are transgresive moving
towards the top. This might corre-
spond to the transgression which be-
gan, according to HALLAM (1978),
at the Carixian-Domerian limit of
the global curve of transgression-
regression during the Jurassic.

It is clear that, in any specific age,
the sequences are also lransgressive
towards the most internal zones, that
is to say, towards the SW. Thus the
«Sierra Blvira» sequence is the most
pelagic andfor deepest from the end
of the Middie Toarcian. This overall
picture does not however apply to the
«Cerro Méndez» and «Zegri» se-
quences, which, in the Lower and
Middle Toarcian, represent shallow-
water deposits and probably corre-
spond 10 swell zones.

After the Liassic-carbonate-plat-
form break-down (GARCIA HER-
NANDEZ er al., 1980; PALOMO DEL-
GADO er al., 1985), a non-uniform
compartition of the basin occurred,
resuiting in the formation of troughs,
as in «LC», for example, and swells,
as in «Z» and «CM». Nevertheless,
the sequence of the mineral associa-
tions and their relationship with the
various ages suggests that the
palacogeography of the basin was
more homogeneous in the External
Subbetic.

From our study of all the sequences
we are able to conclude that no rela-
tionship cxists between any particu-
far lithological facies and any onc
mineral association. Thus, for exam-

in the External

ple, the grey marls and marly lin
stone facies appear together w
associations A, B, C and E, and [r
this we conclude that the lithologi
facies we have investigated were
posited under different conditio
depending on their location in
basin.

We approached the problem of |
source rock for these sediments
studying the crystatiochemical para
eters of micas and chlorites in
Median Subbetic (PALOMO DEL(
DO et al., 1983) and in the Exter
Subbetic. The charactheristics
these minerals in the both realms .
identical, which corroborates
idea that the source rocks are
igneous and metamorphic rocks
the Variscan Massif of the Mes
{Spanish Plain) (op. cit.).

Nevertheless, the local appearan
Subbetic of
illite+chlorite association introdu
a new lactor into the overall picty
This association is typical of the P
betic, Triassic sediments, to be fou
to the north of the Subbetic (Fig.
as pointed oul by CABALLERO
LOPEZ AGUAYC (1973). 11 is a fac
which indicates that the source a
underwent
rise 10 detrital sediments. I1s exc

intense erosion, giv

sive appearance in the most exter
sequences, and immediately after
Liassic-carbonate-platform  bre
down, supports the theorv of

shallower-water environment of
basin in this area and poinis to
influence of Prebetic sediments,

most external areas of which |
already emerged from the water :
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were eroded, and which probably
also descended from the Variscan
Massil of the Mesera,

As a final comment, the presence of
kaolinite in the sequence lying a tong
way from the probable source rocks
(«Z» and «CM>» of the Median Subbe-
tic and only in the Lower Toarcian of

the sequence «HU» of the External
Subbetic) suggests the possibility of
the existence of BUSNARDO's «Dor-
sal Medio Subbéticar» (1979) situated
between the Median Subbetic and
the External Subbelic, which may
above water

have been at some

period.
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