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Mineral resources of the Tertiary deposits of Spain

M.A. GARCIA DEL CURA. .]. DABRIO AND & ORDONEZ

Abstract

Spuin is the most selfesufficient couniry for mincrals in the
EUL A major proportion of these Spanish mineral resources has
been obtained from Tertiary materials. The main malerials
exploited in Tertiary basins have been: brown coal and lignites.
potassivm sahs, sodium salis (sulphates and chlorides), distomite.
sepinlite and other absorbent clays, bentonlies, celestine, pumice.
and slso dimension (building-} stones and ceramics, portland
cement and plasier raw materials.

Ph-dn-Ag and gold alunite voleanogenic ores. reluted o Neo-
gene volcanism, besides dw-placers have been mined from Roman
times, Miner Cu and Ma occurrences are aiso reviewsd,

The brown coal mings of Galician basins have provided all the
significant production of Spain: more than 17 Mt Low-guahiy
Migocene lignites in the eastern par of the Ebro Basin and Balearic
Islands are less important from the economic point ol view. Other
occurrences are in the Guinzo de Limia. Guadix Baza. Granads
{Arenas del Rey) and Alcoy basins.

The Spanish Tertiary basins (conthinental and marme} {Oligo-
cenz-Miocene) are filled by thick evaporiies in which are oblained
potassiue sults and sodbum salts (sudphates and chiorides). The
Montevives cefestine mine 15 located in the evaporitic unit of the
Granada basin (Miocene), and provides all of the Spanish celestine
production. Spain is the world’s third largest producer of celestine.

The Madrid basin and the minor Calatavud basin supply the
whole of Spanish sepinfize production. The most important Spanish
attopidgite production is obtained {rom the Bl Cuervo mine {Sevilla
and Cidiz provinces), The genesis of the Cabo de Gata bewmranite
deposits 1s thought to be by hvdrotherma! alieration and halmyrol-
sis of Neogene voloanic rocks. The Madnd basin bentonites and
‘pink clays’ have been imterpreted as an eariy disgenetic. even
edaphic Mg-rich. attapulgitization of ilite clavs. The most import-
ant areas of ceramic cloy production in Spain are located in the
Cruadalquivir basin {Bailén area) and the Madnd basio (La Sagra
Alcald de Henaves),

Thecontinental Neogene basin of the Hellin area supplies 99%% of
Spanish diaremite preduction.

Introduction

The estimated value of mineral production (o1l and gas
excluded) 1o 1990 in Spain was about %4325 million, which repre-
sented over 1% of the country’s Gross National Product. With a
fevel of supply gsuimated 3t 23% of the domestic consumption of
mineral raw maierials, Spain is the most seli-sufficient country in
the EUJ {Mafana. 19921

In 1990 the whole preduction of brown coal {209 M1}, potassium
salis {378 Mt} sodium sulphate saltg (0,71 M) bestonites (0.
My sepiolite-atapulegite (0.36 M1, diatomie (92 kU, celestine (80
ki and pumice was extracted from Tertiary rocks (ITGE, 19901

i
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The Tertiary basins also provide a large proaportion of hgaites.
natural stones, includmg commercial marhics, coramic raw maler-
ials. cement raw materials {Imestone. ¢lays and gypsam). aggre-
eates (crushed Hmestone and basalty and pypsum for plaster
manufacture.

Thischapier presents a review of the mostimporiant mings. both
serrve and historical, and occurrenaes located in—or related 10 - 1he
sedimentary rocks of the Tertiary busing in Spain,

Metallic ores

The most important ore deposits are the Zu-Ph-dr
voicanogenic stockworks (neiwork ore-bodies) mined in Neopene
volcanic rocks in south-castern Spain (Fig. 1) The origin and
interpretation of these ore deposits are controversial, but inslicases
the Neogene vulcanism played an essential role in the ore genesis
{Manteca & Ovejero, 19921 Siiver has been mined sinee Roman
times in La Unmidn—Cartagena district. Supergone enriched earbon-
ates and sulphides in gossans were mined in the ninclecnth century.
The muin depesits mined in this distriet are lead, sitver, zinge, and
minor barvic and itron ares. After the Spanish civil war, the
production of the disiriet rose to 90 Mt producing fead (1.2 Mt
zing {1.6 Mty and stiver {1.5 k1) Two Ph-Zn-Ayg stockworks have
been described vecently in the Mazarron district: one of these
depositscontains 2 9% zinc, 1% fead, 28 g/ silverand 9 Mi ore. and
the other contains 2.3% zing, 8.7% lead, 20 g/t silver in 2 5 M1 ore
{Rodriguez, 19921
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Fig. 1. Schematic location map of Tertiary metallic oves {soe text),

The Rodalguilar gall-alunite field is related to calderas in the
Cubo de Gala Meogene voleantc arez {(Fig. 1), Arribas Rosado
119923 described ore grades up to 10 git. Mined since 1970s, its
produstion reached 85 kg in 1989,

The KW lherian Perunsula, MW of the Duere Basin and the B}
Bierzo Basin, was nined for gold in Roman times (Pérez Garcia &
Sincher Palenciz. (985, 19923 More than 7« 16° m? of gold-
bearing scdiments have been removed in over 600 mines. The total
amount of gold exploited by the Romans in the alluvial deposits
was about 20000 Porter & Alvarez Moran, 19925 Gold grades up to
300 mg Awrm? have been deseribed in the alluviai [an deposits of the
Lus Médulas Formation in the Bierzo Basin {see Chapter W)
Channel fill deposits contain gold flakes over 70 microns across
{Pérez Garciz & Sdnchez Palencia, 1985). There are reporis of gold
grades up 10 30 mg Au/m?® in the Omafas Formation in the
rorthern Dere Basin.

Some copper occurrences have been described in the Oligocene
conglomerates of the north Ebre basin, The mmn ore minerals are
cuprite. calcosine, galena and natve copper, all them related to
granular cementation of conglomerates. Ore deposition is thought
1o be induced by the oxidising action of infiltrational water on the
formation walers of the Oligocene sediments. The thickness of
individual conglomerate Jayers reaches 8 m. The major ocourrence
is the Bigl Mine (Zaragoza), with estimated reserves about 500 kt
ang copper contents around 1.7-2%.

Small oxide—fivdroxide wanganese ores have been mined in the
Campos de Calatrava (Bolanes district) since the nineteenth
century, {(Crespo Zamorano, 1988 4 and b). The ore deposits are
related to Pliocene alluvial-fan sediments of the Guadiang Basin.
Manganese ores ocour as granuiar cement m conglomerates and
also as manganiferous ¢rusts. Both tvpes may be related o low-
ternperature thermal walers derived from the Campos de Calatrava
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Fig. 2. Schematic tocation map of brown coal Hignites and salpher deposits, aa
oil shales and sraeiom occorrences (see text),

vulcanism. Grade in these ores reaches 3.39% manganese, am
0.051% cobalt, with inferred resources of 15.6 Mt {Crespo Zaimor
ano. 1988a and b). Occurrences of manpanese oxides-hydroxidesa
sranular cement ores have been cited in the western part of the Ebr
and Calatayud basins,

Lignites, brows coal, oil sleales and related solphur and
uraniun

Al present, the Terizary basins of the Iberian Penipsul
produce up 1o F7 Mt per year of brown coal, and some importan
guantities of Egnite (Fig, 2). Spain was the second largest sulphur
producing country in Europe during the first part of the presen
century and the Tertiary basins were the main suppliers of thi
production. fn the 1970s native suiphur mining stopped as .
consequence of sulphur recovery as a bi-product of oil and ga
desulphuration.

The sulphur brimstone was obtained from bivepigenetic sulphu
deposits. The 1912 Spamsh sulphur preduction was 14 kt.and at th
same lime Haly, the Burepcan leader, reached a production of 60 ki
The most important sulphur mines since Roman times are locate
i Coto Menor (Hellin basin), Up to eight sulphur seams, fess tha
P m thack, have been exploied, with a 16% sulpher content. At th
height of is activity this mine produced more than 30 kt per veat
The rock age of the HMellin sulphur deposits is Late Miocene ¢
Pliocene. Other hicepigenetic sulphur deposits and occurrence
have been deseribed in the Baza, Fortuna, Lorea and Almert
basins {Reves er af., 1992}, the Libros basin (Anadon et #f., 1989
and Alcoy (Reyes, pers. comun. ).

The increase of crude oil prices since 1971 has resulted in th
increase of oil shale and coal exploration in the Tertiary basin
{Reyes & Feixas, 1984, Reves & Crespo, 1984), Laminated oil shale
in the Neogene basins of SE Spain {Almeria, Fortuna, Lores
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Table 1. Properties of oil shale deposits in the Cerdanya, Cappins,
Ribiglos and Libros basing of eastern Spain {see Fig. 2 for the
location of these basins)

. Thickness TOC  Yield
Basin Age {1t} (%) ()
Cerdanva  Middle to Late Miocene 250 »5
Campins  Upper Oligocens 150 s 3
Ribesalbes  Lower Miocene HEE 15 &7
Rubielos  Lower Miocene 250 e 3G
Libros Upper Miccene 16 1-2.6 26-70
Nate:

TOC =total organic carbon.

Table 2. Uraniwm reserves in lignite seams of the Calaf, Sta. Maria
de Queralt (village 1o the SSW of Calaf}, and Mequinenza areas
{see Fig. 2 for locations)

Area Reserves? Resources’
Calaf 153 26.3
Sta Mana de Queralt 138 26.3
Mequinenza — Fraga — Almarer 518 334

Norte:
Reserves US $15-30/1b 1,0,

Hellin), loeated in 3 manme pre-evaporitic environment of
Tortonian-Messianian age, have been described (Reves er al
19841, On she other hand, Anadén e 47 {1989 have deseribed some
oil shale occurrences in the Cerdanya, Campins, Ribesalbes, Rubig-
los and Libros basins {see Fig. 2). Some technical properties — TOU
{total organic carbon), oil vield {i/1) and geological daia (age. ol
bearing shales unit thickpess) - have heen included in Table L

Radioactivity anomalies in the lignite seams of the Calaf and
Mequinenza areas {Ebro busin (Ramirez Ortspa, 1966) led 10 the
investigation of the wranium contents and distribution io these
Tertiary basins. As a revult of this exploration, the uranium
resourees of the lignite seams of both basins have been estimated as
up 1o 80.8 kt of U {which sells at US$15-30 per pound of 11,04}
{Martin Delgado, 1975) {Table 2). At present, severe difficulties in
exiracting uranium from lignites, in addition 1o the availability of
important Spanish high-guality uraniam io preven quantity, make
these Tertiary deposits nacconomic.

Fogsi fuels {0il and gas excluded

Brown coals of the Galicia basins

Several Tertiary basins occur along twe dexteal ship fauh
zones in NW Spain. Brown coals were formed in the tersigenous
deposits of these basins, as a result of the evolution of the alluvial
and limnic systems, The largest coal deposits recorded so far in the
zone oceur in the As Pontes de Gareia Rodriguez and Meirama

basins (httoral basins) and the Xinzo da Limia basin {SE Galicia)
{sec Chapter W9, The age of the Tertiary coal-hearing sediments is
nol clear, because there 18 a controversial disparity in the dates
interpreted from mammal vertebrate biozonation and from palyno-
logical biozonation {Chapter W2,

As Pontes de Garela Rodrigue: basin This basin is
located in the NW-SE-striking structural corridor that extends for
35 km, via Pedroso - As Pontes — Moinonoro (Santanach et af,
19881 Itis an elongate basin with 7 km maximal length and 2 width
varying from 1.3 to 2.5 km (Bacelar et al., 1991). As mentioned
eariier, the As Pontes basin is a compressional basin partly
controlied by a dextral strike-slip fanlt. The sedimentary fill was
aiterpately overthrust by, and enlapping. the Hercynian basement
durimg the successive deformation phases, Thecoal scams appear 1o
nave formed as g consequence of relative restriction and expansion
between the mnic and alluvial svsierns in response to the varying
subsidence of the deformation phases. Fwo depocentres developead
in the basin: one Iocated in the NW. the West Field, and another
located in the SE, the East Field. The fill of the As Pontes basin has
been divided into fowr sedimentary units represented in both coal
fields. The 1hickness of individual seams varies from 0.3 to 25 m.
and displays continuity along the basin. although there are lateral
changes o ternpenous sediments in the margnal facles. In the
basin. 19 coal seams have been identified. Three main lignite types
have been distinguished: brown coal, xilotde and pyropdaitic ligniie,
the last mamly formed by resins. The viirnnite reflectance varies
fror 8.1 to 0.4, the average being 0.3 (Martin Calve. 19731 The
average calorfic value varies from 1604 to 2200 kealike, The waste’
lipnite ratio average in the open nit mines is up to three. The 1979
reserves of the As Pontes basin were 318 Mo and the 1985 lignie
production in the basin was (2.6 Mt.

This basin is located 11 the NW-SF-
striking structurai corridor via Lendo—Merrama-Buimil (Santa-
nach ef @, 1988}, The surface area of the basin is about 1.5 km* 1t
has an elongate shape. with a long axis length of about 2.6 km.
parallel 1o the main dextral strike—slip laull, The thickaess of the
basm fll 5 up o 250 m and B 5 longnudinglly folded. The
production in 1989 was estimated as up w 3 My and the proved
resources are nearly 30 Mt

Meirama basin

Xinze da Limia basin This basin i leaied in the Vil-
lalba~Maceda-Xinzo da Limia structural bneation. which trends
NNE-8S8W. The sediment fill of the basin 1s up to 250 o thigk, and
up 1o 130 m ol this may be Hgnite scams. The qualiy of the ligniw s
brown coal. and the proven reserves may altain 431 Mo The
economic padential of the deposit was investigated recently by
ENDESA {Baltmlle, pers. commun. ).

Ligniies of the Ebro Busin

Several coal seguences developed in Oligocene umes 1n
the Tertiary Ebro basin, Despite the fact that the individual seams
of coal are thin and subeconomic, mimng has taken place since the
mnetesnth century in the Calal snd Meguinenza areas. In both
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areas. the orpanic hiomarkers identified by Goreh et af. (1992 show
that the orginal organic matter derived mainly from higher planis
and bacteria

Clad wree The coal-bearing  stratigraphic  scelion
formed in the Segarrs facusirine system and consists of limestones.
marks, terrigenous and gven evaporiue sediments of Early Oligo-
ceneage {Goreh of ¢ 19923 The paludine-lacustrine, coal-bearing
infervals consist mainly of imestong and grey mudstone beds that
interfinger with lenticular channel-fll sandstones showing oross-
hedding and ripple juminaiions. The grey massive mudsiones are
interbedded with voul seams ranging from a {ew contmeires o
8.8 min thickness, Orguno-sulphur compounds (Gorch o7 af 19923
are Trnnly responsible {or the high sulphur content of the hgnnes,
The roals vonsst mainly of Hgaite to sub-bituminous coal with
calorific vaives that vary from 6400 to 7.042 kealkg {(Cabrera &
Sdez. 19%71, o sulphur conlent that varies from 2.98 10 8.368% and
ash content runging fram 16.46% to 24,18%. The reserves in the
Calal area are up 1o 34 Mt (IGME. 1985} From the petrologcal
point of view. the coaly are vitrimite-rich with migor amounts of
exinite and inertite. The vitrinite reflectance ranges from ¢4 to 0.7
{Martin Calvo. 19731, This author pointed out the relationship
hetween the uramum content and the organic matier content, and
that uranium is preferentially associated with humines and homic
acid fractions. Local values of up 10 0,180% U0, content have
boon recorvded, sithough average values are nearer to 0.020%
UG,

Mreguinenca wrest The coul-beanng stratigraphic mier
val formed in the Los Monegros koustrine system and consists of
fimestones. marls. und evaporizic wnd ierrigenous sskhiments of (he
Late Oligocens. The immediate coal-bearmyg siratz of the Los
Maonegros lacustrine system consist mainly of pale brown w grey
mieritic limestones. grey mudstones and minor sandsiong lenses
and shee1s. Thin lenuculer coal seams interfinger with the lower and
middie part of the umi Individual seams are generally thin with
sharp and well-defined boundares. The average thickness is less
than 0.3 m, and varies from a few cantimetres to 0.9 m. The coal
deposits consist mainly of an ash-rich lignite. with 30-53% average
ash content, a high sulphur content, ranging from 1.34 10 11.88%.
and calorific values ranging from 3,500 to 5. 300 keal/kg {Cabrera &
Sacz. 19873 The proven reserves are 260 Mt (FGME, 1985},

Tahle 2 presents data on the uranium resourees in both the Cal
and the Mequinenza coal areas,

(2ther Terviary coad basing

The enly mines zctive al present and vot already discussed
are in Balearic Basins. These mines produce up to 14 kijvear of
Hignite. Theidentified reserves of Hgnite in these basinsareup o 71 .4
M1, and the proven reserves are 29 Mt (Fig. 7).

In the Balearic Islands. lscusirine doposits have been deseribed,
of Farly Oligocene, Ludian—Sannoisian age (Colom, 1983) and of
Middle Bocene age { Ramos-Guerrero et #f., 15891 Only the degpest
Izcustrine facies of the central part of Mallorea contains lignite
seams (Sta Maria, Binisalermn, Alard, Inca, Lloseis and Selva)

POTASSIC AND SODHC Sa1LTS

/ AND CELESTINE ) ?

P Xad Cotaloria gitnet
Kard Neeraren distict
Naet Villanubia mice
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Na? Cargrs mane
et Beisemlo mre
Heh sleanmie mine
CMEd Caletmna hamn
LGNS
Ml Ramokings mine
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C 801 Mavevives mre
B0l Esizar

Fig. 3. Schematic location map of potassic salts, sodfc salts snd celestine mines
{see texrj.

Recently. Ramos-Guerrerg of af. {1989} have described the Binisa-
lern member, which consisis mainly of an allernation of lmestone
ibioclastic wackestone) and lignites. The coals consist vainiy of a
humic matrix that contains exinic macerals, such as resinide and
cuiinile (Ramos Guerrere er al., 1989} with calorific values up o
4.6 kealikg, 1.7% sulphur content and 18.5% ash content (Colom,
1983,

Lignite occurrgnces in Terfiary basins have been cited in the
Cerdanya. Alcoy, Guadix—Baza and Granada basins (Arenas del
Rey). In the Prats-Alp area of the Neogene Cerdanya basin some
lignite beds have been identified in unit € of Anaddn ¢ af (1989)
{Fig. ). The lignite-bearing secdiments of the Alcoy, Guadix-Baza
and Granada basins have been reported as Late Miocene - Plio-
cene. Lignites from these basins are mainly soft brown coals,

In the Neogene Madrnid and Duero basins, in the lower evaporitic
utiis. and alsoin the imnic shallow marly sediments, minor organic
matter cccurrences {hgnites and/or oil shales) have been cited.

Potassic and sedic salts, and celestine

Spanish Tertiary basins, both continemal and marine,
contain thick evaporitic deposits from most ages of the Tertiary.
Potassium salts, sodiwm salts (sulphate and minor chlodde), celes-
ting and gypsum are obtained from these Tertiary basins. In this
section we focus on potassic and sodic salts and celestine. (Fig. 3).

Forassic salts

The Spanish production of potassic salts has decreased
from 860 kit of K, O in 1981 1o 383 kt in 1991, All the production is
concentrated in 1wo mineral districts: Catslonia and Navamra.
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Table 3. Estimared mineral reserves of polassic saiis in the
Catalonia and Navarra disiricts

Amount of resource (Ki}

District Proven Probable Possible
{Catalonia 10470 G155 ihH45
Navarra 2000 3000 12000

Soseree: From ITGE (1992)

Estimated minerzal resources and reserves in these areas are pre-
sented in Table 3.

Salinity increased dramatically i the Sub-Pyrenean basin during
the Late Bocene-Early Qligocene {Ludian), most probably it was
this salipity ¢risis that was responsible for the deposition of potassic
saits in the basin. Deep drill boles reach potassic salis in the central
part of the Ebro basin below a thick cover of Gligovene~Neogene
sediments. Puevo {1973} and Rosell (1983} interpreted the depo-
sitien of salt as related to marine brine with a low content of
magnesivm sulphate. The basin vnderwent active nappe {over-
thrust} tectonjcs after the deposition of the salis and, according 1o
Roseli (1983), the Catalonia disteict remained in the autochthonous
zene, whereas the Navarrese district was ransported by thrusting.
Asa result, erosion removed the seams of potassic salis 1 the cores
of the antichines of the Navarrese district. while the anticlinal cores
were preserved in the Cataloniz district under a thick cover of
Oligncene sediments.

The structure of the Catalan &istrict is
an B~-W-trending syncline, with salt thicknesses ranging from 150
to 500 m (Pueve, 1975} as a consequence of local tectonies. In the
Cardona diapir the thickness of potassic salts reaches 2000 . The
main, and best-known mines (Cardona, Balsareny and Surnia) are
located in this district,

The stratigraphic section includes. from bottom wop (Fig 41

Catalonia districr

. Marine masis (Tgualadz marls).

410 5 m, laminated anhydriic.

. 130 to 200 m. massive halite {sal de muro).

. 5 to 20 m, lower potassic unit, consisting of decimelre
sequences of terrigenous clay. carbonatcs, sulphates,
hatiie and silvite, This unit is divided into two by a thick
faver of massive halite.

5. 40to 80 m, upper potassic unit {carnalhitic unity in¢luding

several seams (three or four in the Suria mine, and more in

don G B

other localities). It isinteresting 1o note that the conlent of

hahite (Jow-grade potassic salt) in this unit increases when
the seams are thinner and less numerous.

6. 85 10 120 m, grey mudstones, or fransilion anit. Some
intercalations of halite have been described in the lower
part of this unit.

7. 30 m {or more), Jacustrine reddish deposits tap).

CATALAN POTASSKC BASIN

350
m
i CARNALLITE
SYLVINITE
1 HALITE
60
. L ANFYORITE (OR GYPEUM;
carnalite =
and top sal§ e MUDSTONE
255 - e &
B layer B NAVARRESE POTASSIC BASIN
A jayer . iop
¥ ST maretone

100 -TETHEEES

2un Spnnnng

top salt

haolter a8
basal aE B
anhydite ?Gaammmm

lgtaiada Marnsione Pamplona Marisions

Fig. 4. Stratigraphic section correlation between Cataionian and Mavarrese
potassic basins. Afier Rosell {1983).

HNavarvese district
Asinthe former case, the potassic salis are associated with
marine marls (Pamplona marls), The only mine {Sabiza shafty is
located in a synclinal basin {the so-called Pamplona potassic basin
or Sierra del Perdon potassic basin), but a research programare has
anky recently been ntiated.
A general stratigraphic succession inchudes:

Deeys marine marls (pottom)

4.6 fo | m, laminated anhydrite unit

Almost 10 m. lower banded. massive halite urat [sal de
MUrG).

4. 2 m, lower potassic unit, formed by 18 silvinite-hatite
coupliets: some of them are used as markers,

ted b o

5. 12 m. carnailitic unit. made op of eight halite-carnaline
couplels.

6. Top halite unit, made ap of ssquences of decimerre- 1o
meire-thick red mudstones and centimetrg-thick haliw
Jayers.

7. Up to 50 m. top marls. mudstones with some anhydrite

javers.

It should be noted that this stratigraphic scotion i very similar (o
the one in the Catalonia district (Fig. 4. The only difference is the
tosal thickness.



Gb  Mineral resources

Tabie 4. Reserves of sodium saits in Spunish mining districts

Trd
-

Extractive Proved reserve
Comparny Raw material Plant location Basin method {My)
Crimidesa Glauberite Cerezo de Rio Tirdn Ebro Trench a 13
Fore Thenardite Villarrubig Madrid basin b 15.3
Mirera 8. Mans Glaubente Belorada Ebro Trench 1 3
Sulguisa Glaaberite Villaconeios Madrid basin a 57
Nores:

(a) Open-pit soinuon: (b) underground mine,
Source: From ITGE (1991)

Sodtun saies

For many years, Spain has been ihe European leader in
natural sedivm sulphate production. and afl of it comas rom
Tertiary continental basing. The 1990 Spanish natural sodium
sialphate producton. i terms of Na, S0, content, amoanied to 714
Wi, 240 kt from thenardite only in the Madrd basin, and ths
remainder from glanberite in both the Madrid und Ebro basins,
particularty the Tertiary Trench o Bureba Corridor in the western
part of the Ebre basin (ITGE, 1992), Table 4 presents some dala on
the reserves of the mining districts.

There are two 40tive mines in the Madnd basin (Fig. 5). one
located near Villaconejos-Colmenar de Oreja, and another located
near the aighteenth-century smae in Villarrubia de Santiago. There
are many noelonger-active mincs in the Madeid basin, but. in the
past. the most common method of recovering salts was to use saline
springs and wells {c.g. Fspartinas. Carabana, Carcabaliana.
Loechesh and some of these were gven being exploited in Romun
Limes.

The ming located near Villacongjos-Colmenar de QOreja (the
Fatima mine}. is an open-pit dissolution mine. The minerat glauber-
He is prefergntially dissolved in pools located over a bed of
glauberite-anhydrite that is 27 m thick. The bring is recovered hy
pumpting [rom wells and sent to an evaporation plant where top-
yuality sodium sulphaie preciphates. The source brines of the
evaporation plani are introducad into pools and theu recireulared
(Orddnez er 2l 1982%

The mine located near Villarrubia de Santiago { El Casteliar’) isa
pillar and room underground mine that works a 3-8 m thick
shenardite bed with minor glankeriic. The mineral extracted is
rrocessed inan evaporation plant to obtaie the commercial sodium
sulphate (Orddfiez er ol 19821

The MNeogene stratigraphic record of the Madrid basin is sum-
marised by Megias er al. (1983} and by Calvo ef «f. {Chapter C2).
The sodium sulphate mines are located in the Lower Unit. The
sedimentological interpretation of the Lower Unit or Saline Unit
has been discussed by Ordofiez er ol (1992) and by Orddfier &
Gareiadel Cura {19935). The mineralogical and petrological features
of the econemic saline deposits have been described by Garcla det
Cura (1979). Garciadel Cura el af. {1979 and Orti e L, (1979). The
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Fiz. 5. Location map of main active mines fn Madrid basin: 1, Vicilvare
sepioiite mine; 2, Almoddvar sepiolite mine; 36, Yepes —Cabaiias de La Sagra
mines (benfonites and sepislitel; 7, La Sagra ceramic raw clay mines; 3 and 3,
Esguivias speciat clay mines: 10 Alcala ceramic raw clay mines; L, Villacone-
jos (‘T atima eine” } sodium sulphate suine {glavberite); and 12, Villarrobia (‘€1
Castellar’) sodium sulphate mine {glauberite and thenardite).

enly paleontological data obtained from the Sakine Unit are the
flora found in 2n exploration drill hole near the Villaconejos mine,
This flora indicates a Late Oligocene — Early Miocene age for the
Saline Unit {Abvarcz Ramis er af., 1989)

The "El Casiellar” mine is placed in the Upper Saline Subunit. The
sedimentology and facies disteibution of this Upper Saline Subunit
are poorly undersiood, and are. at present, under review by the
authors of this chapter. However, it is possible to point out some
distinctive features of this Upper Saline Subumi, one being the
presence of thenardite as the main mineral, and another being the
focal and restricted characier of this Subunit. In this Upper Sobunit
it is possible to identify at least six repetitions of the following
sedimentary dm 1o m sequence: 1. reddish mudstone containing
interstitial  halites 2. maddy  terrigenous  sediment+
halite + glauberite: 3. massive thenardite + glauberite. The thenax-
dite + glauberite bed mined in Villarrubia is up to $ m thick (Fig. 6),
The massive thenardile mined there displays a typical blue colour
and is thought te be # secondary mineral from mirabilite, This soft
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section of central part of Madrid basin and 2 detailed section of thenardite
seam mined there,

and wet crystaliing mirabilite precursor of ihenardite formerly
contained some precipitated idiomorphic crystals of glanberite that
are now enclosed in massive thenardite,

The glauberite mine of Villaconeios exploits the lower Saline
Subynit (Fig. 75 This Subunit is thought 1o have formed in a
perepnial saline lake swrrounded by a wide mudflat. As pointed oin
by Orddfiez ez 2l (19833and Utrilla g2 al (19921, brines of this saline
lake were derived mainly from the weathering of Upper Cretu
ceous-Pgleocene marine evaporites. Saline mineral associations i
this stratigraphic imterval are reported in Fio. 7. Glauberite occurs
a8 a massive bed of idiomorphic glavberite orystals, with minoy
magnesite marls interbedded with anhvdriz and micritic magne-
site. Glauberite coments and nodular anhywdrite have recently been
interpreted 1o result from the sarly diagenec plavheritisation of
primary anbydrite in the muddy lacusirine belt during episodes of
iow lake water levels {Ordéddez & Gareda del Cura. 1993,

The Cerezo de Rio Tirdn, Santa Mart and Belorado glauberie
mines arclocated in the Tertiary Trench, *La Bureba Corridor. that
connects the Bbro and Doero basins. Glauberite mines ave located
in the Cerezo Evaporite Formation of uncertain Laie Miocene age.
and are restricied Lo the central purt of 2 small basin, The Evaporite
Formation displays sharp lateral facies changes 1o non-sconomic
detrital sediments through saline mudstones with noduiar anhyd-
rite, A perennial saling model has been proposed 1o explain the
general Teatures of the Evaporite Formauon (Menduifa ¢! of..
19843, The detrital sediments laterally associated with the saline
deposits have been interpreted zs the distal part of 4 prograding
lacustrine dettaic systermn. and this model has been used in the
exploration of the Santa Marta mine. which started production in
1989,

The recovery method used i Cereze de Rio Tirdm and Belorado
is similar to that deseribed in the Villaconejos mine. thatis o say. an
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open pit solution mine cut down (o a glauberite seam: the resulting
brins i3 the raw materal for top-gquality commercial sodium
sufphate.

The Cerezo Evaporie Formation stratigraphic interval containg
alierpations of metre-thick seams of microcrysialline glanberie
and non-economic muddy anhydrite. The number of glauberite
seanis is ap to erght, but the recovery methods. and the commercial
productivity of the seams. are conditioned by the present-day
topography and by the impoverishment of the upper seams by
infiltration of meteoric waters,

Some no-longer-active underground mines with glauberite have
been deseribod from the western Ebro basin, These glauberite
deposits are located i the Lerin Formation of Late Gligocene—
Early Miocene age (Salvany, 1984 Salvany & Orti, 1992, 1994,
These avthors have recently proposed a palescgeographical ana
sedimentological model 1o explain the main features of the Alca-
nadre mine zone (Fig. 81, The thickness of the overburden and the
tiinness of the glauberite beds result in high values of the siripping
ratic and the submarging cconomic charactor of these cccurrences.

Some glauberite occurrences in the central part of the Ebro basin
and balow the halife beds of La Real mine (Reraolinos—Zaragora)
have Been deseribed (Fernandez Nieto & Galan, 1979 Garcia
Veigas ¢r 4., 1991). Some cuwerops of glaaberite beds have also
teen reported in the Catatayud hasin ($GME., 1980; Sanchez Moral

ral, 1993y

Flatite rock salt is present in beth continente!l and marine
Tertiary basins of the Tberian Peninsula. The 1990 Spasish produc-
tion of sedivm chioride was 3.3 Mt 19.8% of which was obtained as
2 byproduct of Tertiary potassic salt recovery, and 3.2% was
obtained from the Tertiary Ebro basin. A high proportien of the
remainder was obtained from the aatural evaporation of marise
brines, and a smaller proportion (rom Triassic rock salt deposits.
The rock salt deposits of Remolinos ano Torres de Barredlen in Lhe
Zaragoza Formation {Lower Miocene) of the ceniral part of the
Ebro bhasin have been minzd for a jong ume. Proved rgsgrves
armouny o more than 16 Mt NaCl The halite depositis up to 100 m
thick, and consisis of decimetre layers of halite with minor nodular

anvhdrite (Ortt & Pucyo, 19771 The lateral conlinuity of the
deposil is over 30 km zlong the Ebro niver valley (Octd, [9905.

Celestine

Sparush celestine production has risen from about 9 ktin
1980 10 more than 80 kt in 1990. Spain is the third country in the
world ranking of production of this ymineral, Celestine is praduced
front the Montevives mine, aboul 12 km southwest of {ranada
{Granada Province). The Monievives ore grade is 80% $:50,, with
proven reserves of 3 Mi. The regularity of the ore body in this case
enabies the deposit lo be competitively concentrated by the flo-
tation method.

The Moutevives mine is locared in & smal bill in the centeal part
of the Tertiary Granada basin. The host sedimentary matenals are
of Middle to Latc Miocenc age. Recently, Rubio Navas (1994) has
painted out the neer domic structure of the ore bady and the
teclenic character of the celestine ore body cuterop.

The celestine ore is strata bound, up to 40 m thick, and it dips 2¢°
12 307 towards the northwest. The celestine minerahsation displays
a mm-scale, clear-dark banded xiure similar to the primary
stromatolite textures of the host imestone and marls, The rich ore
displavs & massive structure and earthy and/or micrperystaliing
textares with obfiteration of primary structures. The ore body 13
well stratified in layers sanging from 20 to 30 om thick. In addition
10 celestine, the mineral paragenesis of the Montevives ore deposits
includes caleite, dolomite, gquartz. gypsum, strocianite, Fe-Mn
oxides and hydroxides, phyliosilicates, ¢te.

The Eschzar village celesting ocourrence is an E-Westriking
outerop with more than K km lateral contmuity — the Escdzar
Celestine Belt of Martin er o/, (1984). The host rock of the celestine
ore is also a stromatolitic limestone, and the thickness of the deposit
ig reughly 20 m. The average celestine content is Jower than at
Montevives, and rarely rises 10 53%. A sigmificant feature of this
aceurrence s the presence of a karstic surface at the top of the
deposit, wiih dolines and other kasstic depressions filled by low-
grade breeciated ore and stromatolite carbonates. Esclizar has
estimated reserves of about T MU

Both the Montevives and Esclizar celestine deposits have been
interprewed as the reselis of carly diagenetic cementation of siroma-
tolitic carbonates when dessiegtion processes followed the fall in
sea-level (Martin ¢f af. 1984) In this meodel, the strontium is
derived from marine ¢onnate walers.

Crhercelesting occurrences have been cited in the Duero Tertiary
basin {Ordédvier ef 4., 1980), and Ebro basia {Rubio Navas, 1950

Speeial clays {sepiolite, attapulgite and bentonites),
ceramic clays and distomites

Sepiolite, atlapulgite and bentonite deposits are com-
monly asseciated in the Tertiary clayey formations, and in conse-.
quence these minerals are mined together or in the same areas. The
oificial statistical data of these speaial clays show some eontradic-
tory interpretations because the uses of the special clays are similar
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SPECIAL CLAYS (SEPIOLITE, ATTAPULGITE AND
BENTOMITE}), CERAMIC CLAYS AND DIATOMITES
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Fig. & Schematic locaton map of special clays (sepiolite, atinpnigite and
henionite), ceramic clays and diatomites {see exi}.

and generally connected with the physical propertios of absorption.
exchange capacity, ele. As g consequence, we also include in this
section the diztomite deposits because these physical properties are
alse their most characeeristic feature,

Sepiolite

The 515 ki produced in Spain i 1990 were obiamed
entirely from the Tertiary basins: 453 ki from the Madnd basin, 61
kt from the Calatayud basin and 1 kt from the Duero basin. The
sepiodite resources in the Madnd basin reach 30 M1 and the
estimated production capacity is more than | Mi/vear, Sepiolite is
alse present in the attapulgite depesit of Lebrnija {Ef Cuervo nune
Cruadalguivir basin}, with a sepioiite grade of up to 5% {Fig. 9},
in the Madnd basin, sepiolite is quarried at Vicalvaro, Vallecas.
Parla and San Blas, 1o the south of the city of Madrid (Fig. 5). and
Yunclillos (prov. Toledo} (Galan & Castillo. 1984; Ordafiez or af..
19921 The sepioclite seams occur at the top of fining-upward
sequences of arkosic sandstones. The economic sepiolite seams
oceur at an intermediate position between the lacustrine deposits of
the Middle Unit of the Madrid basin and arkosic sediments derived
from granitoid and high-grade metamorphic source areas that
outerop in the northwestern part of the Madnd basin (Fig. 10},
The classic sepiolite deposiis of Vallecas—Vicdivaro were
expioited three centuries ago to abuain the light rough stone of
Madrid buildings, and special refractory clays. The areal extent of
these deposits is almost 6.6 km?, and they consist of two explotiable
layvers of sepiolite with sharp fateral changes of fades o the
aecighbouring abundant arkosic sandstones. The thickness of the
upper laver. the richest in sepiolite, is up 10 10m, and it s separated
from the lower sepiclite laver by more than 15 m of non-economic
muddy sandstones. The lower sepioliie laver s | to 5 e thick, A
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Fig. 10. Schematic cross-section of the Neogene Madrid basin (adapted from
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deposits: glauberite, theaunrdite, sepiofite, bentonite, ceramic clays, Portland
cement raw materisls, dimension stone {Colmepar iimestone) apgrepates
{erushed Hmestones), lime raw maderials and uranium occurrences.

classic mammal site {(Cerro Almddovar site) of Middle to Late
Aragonian ageis locaied in the muddy marls at the top of the lower
sepiplite laver. The sepiolitc grade saries botween 65% and more
than 93%. being accompantied by smectites, guartz, dlie. ldspars
and carbonates. This 15 the world's most important known ceposit
of sepiohite (Galan & Castilo, 1984L

The Yurchllos sepiolite deposits exiend over 3 ko and thers are
two sepioiite-containing layers, The lower sepiolite layer is nicher
thar the upper layer and 8 thickness s up 1o 3 m The apper layer
contains smectite and acdalar chert. The leteuen 8 doss fo
Vallecas and Vicalvaro. In Paracuellos del Jarama (east of the ¢ity
of Madeidi there are imporian reserves of semolile. probably
subeconomic because of the thick cover and its location in an urban
arca. The seams of the Paracuelios scpiolite deposits are interbed-
ded with burrowoed muddy arkosic sandstones and. mn places. with
reworked sepiotite and paleosols (Alonso ef of . 19861 The genesis
of the Paracuclios sepialite deposits has been reported as edaphicto
patudal m a distal alluvial fan environment (Calvo o7 of 1986)
Sorne wranium vanadates (yuyamunite] have been formed in the
edaphic environment. associated with dolocretes and with ver-
tebrate remaing in the marls {Arnbas, 19631 In our opinion. 1L s
possivle o define a sepiolite bedr zlong the Madrid arkosic trench,
elongated from NW o SE from Yunclillos to Paracuelios dci
Jarama. with many sepiolite occurences 25 21 north Le Sagra, north
Esquivias, Parla. North Geafe, etc,

in the Calatayud basin, sepiolite marls were exploited & few years
agoin the Isabel mine (Orera). The annual production of this mine.
as we have pointed out before, wasup lo 6 ktin (990 (FTGE. 19925
The sepiolite deposits of the Calataved busin are mierpreted as
facustring deposits in a brackish shaliow lacustnine environment.
Arauzo er ¢f. {1989} describe the mineralogical paragenesis: dolo-
mite, ife, smectite and guartz. with minor amounts of calcite.
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feldspars, chlorite and kaolinite in the Mara area, and sepiolite
alteppating with smectites in the Orera srea. Early diagenetic
vadose to edephic processes of carbonate—siliceous (due to diatoms
and-or detrital clays) sediments may explain the genesis of the
sepiolite marls. Other cocurrences of sepiolite marks south of
Guadalajara {Madyid basing and Cuestas Facies (Duegro basin may
be interpreted in 2 similas way.

Arupuigite

The 19490 Spanish attapulgite production was 54 ki, The
most important production comes from the El Cuerve attapulgite
riine {Sevilla and Cadiz provinces) and onlv 4 kt was from the
Torreidn ¢l Rubio attapulgite deposit (Fig. 9).

The El Cuervoe mine is located in a Phocene to (Ti0naternary
fcustrine deposit {Galdn & Ferrero, 1982) (Fig. [1). Two main
unis are distinguished: a lower marly layer and an upper palyzors-
kitic {arapulgitic) laver. The thickness of the attapulgite layer
varies from 3 to 30 m with an attapulgite grade of between 45 and
. 75% and with minor septelite (§-30%0) and ealeite. It includes some
fossiliferous limestone beds interbedded in the attapulgite seam.
The estimated resoorces are up to 30 Mt

The Torreidén et Rubio deposii is located in the smail Tertiary
fauit basin of Torrejon ef Rubio {Galin & Castillo, 1984). The
source area and the basement of the basin are deeply weathered
slates. The lowest basin fill is composed of weathered slate material

and this layer is overlam by a terrigencus—muddy bed with a
thickness that varies from 6 to 501, Op top of thisbed {8.3-4 m) an
attapuigite grade of up to T0% can be measured. Parapenesis of the
attapulgite deposit is. in addition 1o attapulgite. palygorskire+
iilite & smectite{saponites) + chlorites + sepielite + quartz = feld-
zpars and dolomite, The genesis of the attapulgite deposits appears
to be a result of 2 magnesium-rich weathering process that affected
clayey. probably illite-rich, sediments {Fig. 12},

Some atiapulgite cvcurrences have been deseribed m the lacus-
trine scgnences of the Tertary Duero basin: Garcia def Cura &
Lopez Aguavo (1974); Poze & Leguey (1985% in Sacramenia:
Wartin Pozas er af. (1983); and in Bercimuel Sudrez et af. ([989)
and Sudrez er af. (1991). Other less-important attapulgite occur-
rences have been described in which the mineral forms a cement of
the proximal dewital facies of the Madrid and Duero basns
{Ordéder er al., 1977, Megias er al., 1982; Leguey 21 al., 1984a and
b} The paragenesis of these attapulgite occurrences includes paly-
gorskite+ cristobalite & dolomite, interpreted as late diagenetic
cement of the arkosic sandstones, .

Bentonites

The 1990 Spanish producnon of Ca-hentonite was 151 ki,
and this came from two districts; Cabo de Gata (Almeria province)
and Villalsenga (Toledo province).

The Cabo de Gata district deposits are associated with the
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Negogene cale-alkaline voleanism of SE Spain, with an age of the
voicanism varviog between 8 and 17 Ma,

The main bentomite mine is 0 the La Serrata—Los Trancos
deposit, and the preduction of this mine s up to 100 kifyear. The
proven reserves are estimated as 3.5 Mt (J. Teodoro, pers. com-
mun.). According to Doval {1992) the average purity of the
smectites is up to 98%. The genesis of these bentonite deposits s low
temperature (about 40-70 °C) hydrothermal ahteration of voleanic
rocks {(Leone ef al, 1983): about 70 °C in the Sierra de Gata and
about 40 °C in the Serréta de Wijar. The mineralogical paragenesis
of the Serreta de Nijar deposits has been deseribed by Caballerc o1
af {1983} as formed mainly of smectites, the only phyilosihcate
present in the fine fractions belonging to the mommorillonie-
beidellite-nontronite series, along with jarosite, pyrolusite and
alpha-trydimite (probably neoformed) and quarte, plagioclase and
potassiumn feldspars; inherited minerals from the parent rocks; the

parent rocks are rhyolites, dacites and trachytes. The exchange
cation capacity 18 Na*>Mg*> > Ca** > K™, and the chemica!
composition of the bentonite displays wide variations even within
the same deposit. The most important bentonite deposits at Serreta
de Nijar are closely related to N3OE striking fissures and conunonly
display vein-fill features.

The bentonites of the Sowh Cabo de Gata zone consist of
smectite, jarosite, zeolite and trydimite, as neoformed minerals, and
of plagiociase, potassium feldspar, amphiboles and micas as min-
erals inherited from the parent materials (Caballero ¢r ai.. 1983),

in addition to this volcanogenic interpretation of thess bentonite
deposits, F. Ferrero {1984} has pointed out the probable influence
of halmvrolytic processes in the genesis of some of the blanke
bentonite deposits. The geochemical data seem (o sxelude & marine
origin {or the alteration solution, and favour the idea that the
solutions resuited from a systermn of meteoric waters heated by a
geothermal cvele {Gaballero er o, 19855

The Villaluenga district {Teledo provinced is lecated in the

Middle Unit of the Neogene Madrid basio (Middle Aragonian). It
occuss in 4 transitional zone between the outer marginal {acies and
muer chemical facies of the lacustrine sequences. These bentonite
deposits usually ocour in laterally continuous levels 0.4-2 m thick.
Commoniv. the bentonites are imersalated in the lacesinne
sequences with distal deliaie micaceous sands and dolomitic carbo-
nates, some chert nodules and other mudsiones. The nuneraiogy of
the bentoniies is essentially Mg-rich smectites, mostly stevensite
and saponite (Galan er all. 1986; Pozo of @/, 1991), and their
potential as backfilling and sealing matevial in high-level radioac-
ive waste disposal is very interesting (Cuevas, 1992 Cuevas et ai..
19931 The reserves of the Madrid basin are probably up 1o 10 My,
located in a clesed stratigraphic posilion {rom Cerro del Aguilz
(Vilaluenga) to the southern part of the oty of Madrid. markedly
saraliel to ihe sepichite bell. The reserves of the mined doposits at
Cerro del Aguila (Villzluenga) are up to (.7 Mo

Some “pink clays’ formed by intersiratified keroline. mast prob-
ably stevensite with interlavercd kerolife relatled 1o ihe bentonite
deposits. are found (Martin de Vidales or of, 1989, 1931, These
‘oink clays” have beer used as an ofl discelourant, Pink clay layers
are associated with dessication levels develeped over bentonitic clay
beds {green coleur). The possibie resources of pink cldys in the
Madrid basin are up 10 2 ML

Ceramic cloys

Almost all the marginal and basal formations of the
continental Tertiary basins of the Theriun Pesinsula contain clay
sediments that are being used asceramic raw materials. Inths fagses
there are farge volumes of material that are potential sources of
ceramic clays. They have a variable mineralogical compasition, but
illite is generally the most ehundant phyliosiiicate mineral. Com-
mercial interest in these clay-rich sedimenis depends on the physical
properiies of the crude materials: plasticity. dryving capacity witl-
out shonkage, extrusionability, fiving temperature, and. after fir-
ing, degree of efftorescence, permeability and campressive steengib,
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cte. However, the distance from the location of the clay-rich
sediment deposits (o the polential consumption centres may be the
most important economic factor, hecause haulage costs may
guickly make the price prohibitive.

Recently, Gonzalez Diaz (1992) has reviewed Spanish ceramic
clayvs, The most important ceramic-clay production arcas arc
toeated in the Guadalquivir basin {Bailéni and in Madrid basin (La
Sagra-Alcaia de Henares) (Fiz. 9).

The cerarmic raw materials
Micoene age, and have an average mineraiogical compasition of
20% quartz, 12% feldspars. 25% caleie and 34% phvliosiheate.
mainly iliite and smectite (Gonzdlez ez ol 1986}

The ceramic raw ronterials exploited in La Sagra (Toledo pro-
vince) und Alcaia de Henares {Mudrid province) are tocated in the
Lower Lmit of the Neogene Madrid basin {Lowsr Aragomian), The
average content of ilitic clays is up to 30% (Menduina. 1958:
Garcia et al.. 1990). Resources amount to 500 Mt These clav-nich
sediments are used {o add a top-quabty silicate component to
Partland cement (Garcia Calleja e2 af., 1991). The potleries produc-
tion at La Sagra reaches 3-3 Mt per year.

Clays from the basal Unit (Tierra de Camposi of the Duero basin
in the area near Valladolid are also exploited {or use as ceramic raw
materials.

mined in the Bailén area ure of

Pigromites

Spamsh diatomite production during 1990 was 107 ki
lower than the 1986 production. Spamsh distomiie deposits occur
in Neogene formations in the southern part of Spain in the
Guadalguivir Basin { Porcuna and Martos), the Prebetic intramon-
wne basing and the Inlernal Betics mtramontane Late Miocene
tasins (Sorbas. Yera, and Nijar i Almeria and Murdia provinees)
{Calvo, 1984, Hesueire e gl 1953)

The Prebetic ares supplics more than 90% of the total Spanish
digtomite preduction. The Helin diztomite distnet extends over
more than 10 km?. and the distomite ocours here in several basins
thay were cither separated or episodically interconpected: the
Cenajo Basin, Camarillas Basin, Calderones Basin, Elche de la
Sterva Basin und Hijar Basin (see Table 53 These five intramontane
basins owtcrop along the Mundo and Sepura river vallevs. A
schematic stratigraphic column for these basins has been proposed
recently by Elizaga & Calvo (1988) (Fig. 13} Sedimentological and
sotope data have been reviewed recently by Bellanca ez af. (1988).
The digtomacrous sediments are close to Facles E just above a 30—
30 m thick megasiump. These megsslumps are associated with
volearmsm sndior a probably tectonic reactivation of the basins,
The K/Ar age of the volcanism measured in the Monegrillo s up o
3 Ma tBellon of wf.. 19811 The mepaslump-level offers the best
marker in prospecting for diatomite in the distnict {Regueiro er 4l
1992,

Ten per cent of Spanish diatomite production is from the Nijar
Basin {Almeria); these diatomacesus sediments are located i mm-
thick laminated shales formed by conplets of dark orgatde-rich oil
shale and clear diatomite-rich laminae. The age of the deposits

Table 5. Reserves and resources of diatomite deposits in the Hellin
district

Cenajo Camantlas Calderones  Elche  Hiar

ri 7.3 e e e
ril 18,7 ¥ — v o

r [I e - e 3

R 152 e — e .
BRI 133 12 — 337 -

S SEH LS — 34 e e
Nates:

Reserves {r) and identifisd resources (R in Mt for the different
basins. | S0, < 30%: 1 30% < S10, < 76%.: 1 S0, » 70%.
Swuree: Adapied from Reguciro er of, (1993),

spans the interval {rom Late Tortonian to Early Messinian (Reves
oref., 19843,

Diatomaccous scdiment occurrences, sometimes mines, have
been cited in the Guadalquivir Basin. for example at Sanlficar de
Barrameda, Porcuny, and Martos. Earlier in this chapier we have
vited the diatomacecus sediments in the Bl Cuervo attapulgite
depesit. Other ceourrences have been cited in the Madrid basin
{Calve er ol 1988}, and o the Cerdanya basin. [n this last occur-
rence, duted as Middie-Late Miocene. Anadodn ¢f af. {1959 have
described g distomaceouws mudsione facies with fing lamination,

Dimension (building] stone

Spain plays a very mporient role in the world sione
industry, The natural sione prodaction of Spain sccounis for
13.2% of the world total {(Lombardere & Regueiro, 1992),

Some Tertiary mesiones of the Inner Prebetic Units have great
purity ancd soundness, are easily polished and may be considered as
commercial marbles” srmarbles of type C, according to the Marble
Institute of Americg (MIAY The guarries are grouped mainly in
three arcas: Cote Pinoso and Pefa de Zafra in Alicants provinee
and Sietra de la Puertz in Murcia province. The most famous
guarries are located in Coto Pinoso, where the "Crema Marfl’
marbleis obtained; the 1989 production of blocks was up to 105 m3,
and the proven reserves are 7 x 10% m?. From & petrographic point
af view the Coto Pmose imestons may be classified a5 a blosparite-
biomicrite (Liopis & Lopez fimeno, 1991).

The *Colmenar de Greja Limestone™ has been obtamed from the
Upper Unis of the Madrid basin (Fig. 100, and it has been used since
the eighigenth century in the construction of butldings and monu-
ments in Madnd (Dapena et of. 1988) According 1o the ASTM
{American Soviely for Testing of Materials) Standard C-568-79,
Colmenar limestone s among the most suitable for use for the
sutside of buildings {Dapena e¢ of.. 198%). Colmenar limestones are
paladine-lacustring bilosparites with less than 2.45%¢ porosity. At
present, Colmenar limestones and other similar limestones of the
Upper Terttary Uni of Madrid are intensively used as crushed
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Fig. 13, Schematic stratigraphic section of Cenajo basin: A, coaglomeratic
basal beds; B, sandy kayers in jamimated oil shales; C, this subunit consists of
alternations of leminated detrital cavbonate and gyvpsuny 13, megaskunp
subunit probably related to eruptive volcanism (5.7 4 0.3 Ma, after Bellon et
ai., 1981Y; E, diztomaceons sedimnents. After Elizaga & Calvo (1988). “TSL™
refers o Tecto sedirnmntary anit {(chapter G1).

aggregate raw materials, cement raw matenials, and hime raw
materials (= 98% CaCO,}and Allers {Garcia Calleja, 1997 Garcla
Callgja et al.. 1991: Gareia del Curz er al., 1993).
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