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Abstract Sheuld abandened mine sites be eligible fer
seme efficial pretectien under the umbrella of geecenser-
vatien? Previding they have eneugh educatienal and
scientific value, the answer is affirmative, and we suggest
that they sheuld be sranted pretectien at the level of
geeheritage sites. Seme may see mining as an envirenmen-
tal disaster, but ethers, with a mere geelegically eriented
mind, may perceive mining as a blessing. Mining unveils
the geelegy, thus allewing a mere cemprehensive visien of
geelegical features such as reck units, faults, minerals, etc.
We analyze the advantages and disadvantages of abandened
mines and districts as geelegic ebservatienal sites, threugh
the analysis eof twe mining districts frem SE Spain:
Mazarrén and Cartagena—La Unién. We prepese that if an
abandened mine site er district has eneugh geelegical
value, net enly the mining site but alse the whele geelegic
bleck hesting the ere depesits sheuld alse be pretected. In
this respect, the Sierra de Cartagena, hesting the Cartagena—
La Unién district, is a valuable geelegical asset where an
impertant chapter of the Alpine and late Alpine geelegic
histery of SE Spain is written.
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Introduction

Abandened mine sites and mining districts, previding they
are impertant eneugh, may be granted the status ef “site of
cultural er histerical heritage.” Hewever, it weuld be
difficult te find many that are under censideratien as
geeheritage sites. Given the huge educatienal value ef
many eld mines and districts, ene may wender why these
sites are net adequate fer geeheritage censideration. Peeple
mined the planet fer theusands ef years, first te ebtain
stenes fer crucial activities such as hunting (e.g., ebsidian
for arrewheads), or leeked for minerals te paint in caves
and reck walls (e.g., frem hematite: red echre, er limenite:
yellew echre), eventually extracting metals frem minerals
(e.g., copper frem malachite). There is ne way te describe
in a few werds hew impertant mining has been and
centinues te be fer us. Hewever, if mining is se impertant
fer seciety, why then are mine sites usually excluded frem the
gcelegic heritage? Perhaps, the reets of this miscenceptien
can be traced te the classic cempilatien werk ef Sharples
(2002), whe prepesed that:

Geeheritage cemprises these elements ef natural
geediversity which are ef significant value te humans
fer nen-depleting purpeses which de net decrease
their intrinsic er ecelegical values. The impert of this
definitien is that it implies a distinctien between the
utilitarian reseurce values derived frem the remeval,
precessing er manipulatien ef recks, landferms and
seils by means such as mining, engineering er
agriculture, and the censervatien values ef recks,
landferins and seils as heritage in their natural state.

In making a case fer the treatment of eld mining sites as
valuable centributers te geeheritage, it may help te censider
an example. Let us take the case of the lead—silver Naica



mine in Mexice, where expleratien werks revealed the
existence ef giant, faceted, and transparent single crystals of
gypsum as leng as 11 m (Fig. 1) (Garcia-Ruiz et al. 2007).
This is net just a singular eddity, because a similar finding
was recerded at the huge El Teniente mine in Chile, where
6-m-leng, 1.5-m-wide, gypsurn crystals were feund in
caves fermed within a breccia unit (Braden Fermatien)
(Camus 1975). Mines are net just sites where the natural
state of nature has been altered. Apart frem ecenemic and
therefere secial censideratiens, they play anether crucial
rele: they unveil geelegical ebjecw that under nermal
circurnstances, ne ene weuld see. In this respect, ene may
leek at mine sites either as a preblem er as an eppertunity.
We examine beth aspects in this werk threugh the study of
twe examples fiem SE Spain: the Mazarrén and Cartgena
La Unién districts, beth having a certain level of pretection
as “sites ef cultural heritage” but lacking recegnitien frem
the perspective of geecenservatien.

The Mazarrén and Cartagena—La Unién Districts:
Unusual Geelegical Scenaries

Peculiar Velcanic and Metallegenic Features

The geelegy of SE Spain (Almeria and Murcia regiens) is
characterized by the presence of twe ef the mest impertant
Alpine cemplexes: Alpujarride and Nevade Filabrides.
These uniw were intensively felded and thrust during the
late @ligecene carly Miecene, and they later underwent
extensienal cellapse threugh majer dewmchment systems in
the middle-late Miecene (¢.g., Deblas and @yarzun 1989;
Platt and Vissers 1989). The latter episede was accempa-

Fig. 1 Treasures unveiled by undergreund mining. View eof giant
gypsum crystls (sclemte variety) at the Naica Pb—Ag mne. The
crystals display wenderfully preserved prismatic crystal faces (Garcia-
Ruiz et al 2007). Sce miner for scale. Phetegraph: Javier Trueba—
Madnd Scientific Fims

nied by impertant calc-alkaline te high calc-alkaline and
sheshenitic velcanism (andesites, dacites, rhyelites) aleng
the Almeria Cartagena velcanic belt (ACVB) (Fig. 2),
whereas sedimentatien teek place within restricted marine
sedimentary basins. The velcanism triggered hydrethermal
activity that led te the fermatien ef impertant ere depesin
ef Au at Redalquilar (Almeria) and Pb (Ag) Zn and Sn at
Cartagena La Unién (@yarzun et al. 1995). This is a mest
peculiar arrangement ef velcanic series and ere depesit
types, the whele eccurring within a shert and narrew belt of
~168x28 km between the lecalitics ef Almeria and La
Manga del Mar Mener (Fig. 2). We may find an cquivalent
metallegenic and velcanic scenarie in the Chilean Belivian
Andes, but in that case, we are dealing with phenemena
develeped at an immensely larger scale (@yarzun et al
1995). Furthermere, while the Andean velcanism is related
te the subductien ef the Nazca plate, in SE Spain, there is
ne subductien, but the extensienal cellapse ef the Alpine
eregeny triggered the velcanic activity (Weblas and
@yarzun 1989; @yarzun et al. 1995; Benite et al. 1999).
Thus, the ACVB and asseciated ere depesis can be
regarded as a medel-like, dwarfed representatien ef the
velcanism and metllegenesis frem the Central Andes but
that nenetheless fermed threugh an entirely different plate
tectenics scenarie (@yarzun et al. 1995).

The Mazarren Bistrict

The Mazarrén Pb (Ag) Znmining district, inactive (Figs. 3
and 4a) (Redrigucz and Hidalge 1597; Arana 2007;
@yarzun ot al. 2018), is lecated clesec te the tewn ef
Mazarrén, 4 lam fiem the Mediterranean ceast in SE Spain.
The site was mined, altheugh intermittently, since Reman
times (200 BC te 308 AD) (Manteca Martinez ¢t al. 2005).
The Remans mined lead, and later werking was fer alum
(aluminum sulfate: alunite) during the fifteenth te sixteenth
centuries, then fer the iren exide-rich alum wastes (the se-
called almagres; 1774 1953), and finally fer lead, silver,
and zinc during the nineteenth te twentieth centuries (until
the early 1960s) (Redrigucz and Hidalge 1997; Manteca
Martinez et al. 2005, Martinez Alcalde 2085). Velcanic
activity gave rise te high-K calc-alkaline andesites, dacites,
and rhyedacites ef Tertenian te Messinian age that were
emplaced as subvelcanic demes within a basement censti-
tuted by the Nevade Filabrides and Alpujarrides cemplexes
(Fig. 3). Pyreclastic recks such as ashfall depesi® arc alse
present in the area. The velcanic recks ferm an inner ring
within the herseshee structure beunding the Mazarrén
basin. The Mazarrén basin was infilled during Tertenian

Messinian and Pliecene time by marine sediments cem-
prising marls, sandstenes, cenglemerates, and cequina
limestenes (Fig. 3). The district hests Pb (Ag) Zn epither-
mal depesin of the vein steckwerk type that were mined at



Fig. 2 The Almeria—Cartagena
velcanic belt (ACVB) and main
mine districts. Velcanic series
after Lépez Ruiz and Redriguez
Badiela (1988). Bistricts afier
Oyarzun et al (1995) and
Viladevall et al. (1999)
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Cete Fertuna, Pedreras Viejas, and San Cristébal Perules
(Figs. 3 and 4a). These sites are characterized by the
presence ef dacitic te rhyedacitic demes that underwent
streng and pervasive advanced argillic hydrethermal alter-
atien, with fermatien ef kaelinite, alunite, and silica. The
main ere minerals are pyrite, sphalerite, and Ag-bearing

galena (up te 15 20% Ag), whereas ether sulfides include
chalcepyrite, tetrahedrite-tennantite, arsenepyrite, cinnabar,
stibnite, and berthierite. Secendary minerals include cerusite,
anglesite, smithsenite, azurite, and malagquite, whereas gangue
minerals include quartz, calcite, siderite, delemite, and
gypsun (Arana 2007).

Fig. 3 Geelogy of the Mazarmén
mining district indicating lecatien
of main mine sites. NF4 Nevade
Filabrides and Alpujamrides
Cemplexes. Simplified after
Oyarzun et al (2010)
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Fig. 4 Images frem the Maauren and Cartagena—La Unién districs.
a Main entrance te the San Cristébal-Perules mine site; nete the
bright colors ef talling depesits. b The Emila epen pit, sitc of enc of
the best examples of mante-type mincralizatien, which 1s being
pregressively buried by the debns frem the censtructien industry. c
The La Criseleja deme and tin depesit, a singulanty m Eurepe

The Cartagena La Unién Bistrict

The mining district ef Cartagena La Unién, inactive
(Figs. 4b, ¢ and 5) (@en et al. 1975; Lépez Garcia ot al.
1988; Manteca Martinez and @vejere Zapine 1992; Lépez
Garcia et al. 2018), is enc ef the mest impertant geelegical
and mining sites of Spain, and tegether with the districts ef

Redalquilar (@yarzun et al. 2009) and Mazarrén (@yarzun
et al. 2018), is an cxtraerdinary example ef the many
relatienships between Miecene magmatism, tectenic, and
metallegenic precesses in SE Spain (@yarzun et al. 1995).
The Carmgena La Unién district cevers an arca ef abeut
18x5 lan and centains the highest density ef Pb Zn ere
depesits of the Betic Ranges and ene ef the largest in Spain
(Fig. 5). Centuries ef mining, especially in the late
nineteenth and twentieth centuries at the Sierra de Cartagena,
resulted in a landscape where the visiter will find all kinds ef
traces of past mining activities.

Medern mining at the Sierra de Cartagena can be divided
inte twe perieds. The first cemprised traditienal, undergreund
epcratiens that were active until the 1950s. Frem the 196@s
enward, the Seciedad Minere Metalurgica Pefiarreya Espafia
(a French mining greup) began large epen pit mining
epcratiens, which led te the generatien ef large velumes of
tailings and mineral dumnps, and eventually te huge abandened
pis.

The sierra is mainly fermed by the basement cemplexes
ef Nevade Filabride (Precambrian/Palcezeic te Triassic)
and Alpujarride (Permian te Triassic) (Fig. 5), which crep
eut as a series of everlapping thrust sheew of Alpine age.
Duwing the late Miecene, the basement units underwent
graviwtienal (extensienal) cellapse, a phenemenen that was
accempanied by (1) a majer high-K calc-alkaline velcanism
cemprising intermediate te felsic (andesite, dacite, rhyeda-
cites) velcanic recks, dykes, and demes; and (2) Miecene te
Pliecene marine sedimentatien en extensienal basing
(Fig. 5).

The erc depesits are ef different types (Fig. 6a d), and
frem a merphelegical and mineralegical peint ef view, can
be divided inte different greups (®en et al. 1975): (1)
Mantes these are straabeund ere depesits hested by the
Nevade Filabride (seccend mante) and Alpujarride (first
mante) cemplekes (Figs. 4b and 6a). Beth mante uni% have

Fig. S Geelogy of the Cartagena—
LaUnienmining distnct (including
stratigraphic celumn) indicatng
lecatien of main mine sites.
Smplified afier Manteca Martinez
and Ovejere Zapine (1992)
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Fig. 6 Main ere depesit types frem the Cartagena—La Unién district including San Crnistébal-Perules (Mazairén). Based en Mantca Martinez

and Ovejere Zapine (1992)

twe distinct mineral assemblages: (a) greenalite magnetite
sulfide carbenate silica and (b) chlerite sulfide carbenate
silica. Mest of the lead and zinc preduced in the district were
extracted frem these mante-type depesits. (2) Bisseminatiens
in the Miecene marine facies the best example is feund at
the Sultana mine, where the ere ferms irregular bedies in the
Miecene cenglemerates and marls (Fig. 6b). This is a
sphalerite-rich mineralizatien with pyrite, marcasite, and
galena as miner phases. (3) Veins  these are tabular depesits
that develeped in highly fractured demains in the cemplexes
and had little ccenemic impertance. (4) Steckwerks in felsic
demes such as these ef Cabeze Rajae (Fig. 6¢) and La
Criseleja (Figs. 4c and 6d). The erc bedics censist ef
cemplex steckwerk zenes with asseciated splay-mineralized
veins. Altheugh the Cabeze Rajae mineralizatien is typically
ef the Pb Zn type (Fig. 6¢), at La Criseleja, there is a unique
mineral assemblage rich in tin and exides (Figs. 4¢ and 6d).
(5) @xidatien zenes the near surface ere bedics underwent
streng exidatien precesses that resulted in the fermatien ef
the se-called menteras (gessans) with a cemplex mineralegy
ef exides, sulfates, and native elements such as silver and
cepper (Lépez Garcia ot al. 1988).

On the Educatienal and Secial Values of Mazarrén
and Cartagena—La Unién

Sharples (2002) suggested that geeheritage sites sheuld be
of value te humans, previding scientific evidence ef the
past develepment ef the Earth, censtituting sites eof
impertance fer research and educatien, including features
ef recreatienal er teurism significance, and having features
that ferm the basis ef landscapes that have centributed te
the sense eof place ef particular human cemmunities. We
believe that geelegical settings such as these ef Mazarrén
and Cartagena La Unién fulfill these cenditiens. Beth
districts are centwined within a regien with a unique
geelegical histery invelving (1) the buildup and final
cellapse of an Alpine eregeny (Betic Ranges); (2) velca-
nism that led te gencratien ef calc-alkaline te high-K calc-
alkaline and even sheshenitic velcanic series; and (3) the
develepment ef different styles ef hydrethermal activity
that ultimately led te fermatien a myriad ef ere depesin
types (Fig. 6) and unusual mineral parageneses. In this
respect, the fellewing facts must be highlighted. The
asseciatien ef greenalite magnetite with Pb Zn eres in the



mante-type ere depesits frem Cartagena—La Unién (Fig. 6a)
censtitutes a mest unusual case unknewn anywhere else
(@cn et al. 1975). Besides, metallegenic clusters (groups of
genetically related ere depesits) are usually very simple,
centaining a single er twe (at the mest) ere depesit types.
Cartagena—La Unién centains mere than feur fundamental
types including stratabeund, disseminated vein, and steck-
werk (Fig. 6). Furthemmere, this acceunt neither includes
miner types ner the variety of metallic signatures (Pb, Zn,
Ag, and Sn).

Fer these reasens, the Mazarrén and Cartagena—La
Unién districts are privileged sites fer research and
educatien, and have previded the perfect geelegic—metal-
legenic scenarie fer numereus research papers and decteral
theses. Besides, every year, these districts attract visiting
lecturers and students ef geelegical sciences frem Spain
and ether Eurepean ceuntries. In terms eof recreatienal er
teurism significance, we must highlight the activity ef the
Teurist Censertium ef the Sierra Minera (fermed by the
Autenemeus Cemmunity ef Murcia and the tewns ef
Cartagena and La Unién), which carries eut impertant
actiens te impreve envirenmental cenditiens while preserv-
ing the impertant mining heritage. The Censertium has
develeped heritage preservatien prejects such as these ef
Cueva Victeria, Ruta del 33, and the La Unién Mining
Museum. The Ruta del 33 (The 33 Trail) is a particularly
relevant educatienal preject that censisted in rehabilitatien
of an eld mine trail cressing the Sierra de Cartagena frem
La Unién te Pertman Bay (Fig. 5) (Manteca Martinez et al.
2008). The visiter can have access te old mine werkings
(e.g., the Agrupa Vicenta undergreund mine) and the lecal
gcolegy.

Finally, regarding Sharples's “landscapes that have
centributed te the sense eof place ef particular human
cemmunities,” ne ether peeple in the werld feel mere for
their places than miners, and this traditien remains streng at
La Unién, where it gave rise 50 years age te a majer annual
musical festival, the se-called Cante de las Minas,
representing the flamence histery ef the mining traditien
(Fundacién Cante de las Minas 2010).

Environmental Pros and Cons
The Facts: Valuable but Pelluted Sites

Despite the unquestienable educatienal and secial values of
Mazarrén and Cartagena—La Unién, there are aspects that
sheuld be further analyzed. Mining, like mest werk-related
activities, creates disturbances in the natural envirenment,
frem the imperceptible te these that represent clear hazards.
The envirenmental impact ef an activity may be defined as
the difference in envirenment frem the time when the

activity begins, when the activity takes place, te the time
when it is cempleted. These issues were net fermerly
censidered as risk facters, but are new viewed with great
cencern. Thus, at present, there are strict rules abeut the
impact ef mining eperatiens, which include regulatien ef
the liquid wastes, emissiens ef dust, gases, and neises and
the resteratien ef the landscape, etc. With respect te the
mining districts of Mazarrén and Cartagena—La Unién,
there are a number of envirenmental preblems, and the
mest relevant are the fellewing (Rebles-Arenas et al. 2006;
@yarzun et al. 2010): (1) Majer areas cevered by eld
mineral dumps. These areas have significant visual impact
and a petential fer the leaching ef heavy metals. (2) Tailing
depesits derived frem the fletatien ef sulfides. These
tailings are rich in heavy metals such as lead and zinc
(ameng ethers), and have the petential fer acid leaching ef
heavy metals. Due te the small particle size and wind
pattems in the area, the tailings can alse induce airberne
centaminatien. (3) Abandened epen pit mines. Seme eof
these have been used for sterage of waste, semetimes with
disastreus results. (4) The fermnatien ef acid mine drainage
(AMD) in seme eof the abandened sites, such as Brunita
(Cartagena—La Unién) and San Cristébal-Perules (Mazarrén).
(5) Abandened buildings, seme in dilapidated cenditien.
(6) Agricultural activities in seme areas adjacent te
abandened mining eperatiens such as in the vicinity ef
Cabeze Rajae (Cartagena—La Unién) and San Cristébal—
Perules (Mazarrén).

Hewever, even envirenmental hazards can have a
pesitive side frem a scientific and educatienal peint ef
view. AMD fermatien at San Cristébal-Perules prevides
unique cenditiens fer the ebservatien eof mineral fermatien,
such as cemplex sulfates and hydrexides. Besides, given
the Mediterranean climate of the regien, instcad ef a
permanent flew of AMD, what usually ferms are spectac-
ular seasenal peels ef deep red te erange-celered waters
(Fig. 7a-d) (@yarzun et al. 2010). Rainfall events cause
beth increases and decreases in acid and metal cencen-
tratiens, and the precess dees net end until pyrite is fully
weathered, which can take hundreds te theusands ef years
(Nerdstrem 2009). Leng dry spells result in gradual
increases in heavy metal cencentratien, whereas sudden
large increases are ebserved as the rains begin. Hewever, as
rainfall reaches its peak, the selutiens beceme diluted
(Nerdstrem 2009).

Cleaning and Preserving Centaminated Mine Sites of Great
Value: A Cenflictive Issue?

If abandened mines frem Mazairén er Cartagena—La Unién
are te be regarded as petential geeheritage sites, then a
seund and wise pelicy en land reclamatien sheuld be put
inte actien. Any werk sheuld start with remediatien



Fig.7 AMD at San Cnistebal--Pemles (SCP, Mazarren district). a The
industrnal setting in which AMBD fenns. Pyrik in the tilings is
exidized 4FeSz+l402+4H20—>4Fcz++88042'+8]—1+ thus fenning sul-
furic acid and ferreus iren; in tum, the latter will exidize te ferric iren
4Fe?*+0,+4H" —»4Fe*+2H, 0, eventually leading te fermatien ef
gecthite Fe**+2H,0—4FeO(OH)+3H", exidatien ef pynte is cate-

measures, eriented te the eliminatien, cerrectien, mitigatien,
er remeval ef centaminan® frem the sites that ceuld have
adverse effects en the envirenment er hwnan health. In this
respect, garden-like resteratien ef a pelluted site will net selve
the many envirenmental hazards asseciated with heavy metals
and metalleids. We may hide the centaminated land with clean
tepseil, and we may even plant seme flewers and trees, but the
preblem will net fade away (Martinez Cerenade ctal. 2016).
Metals and metalleids will keep centaminating aquifers, and
if eresien is net kept at bay, the metals will eventually find
their way te the waterceurses. Given that the regien is
subject te streng flash fleeds, the latter is likely te happen
(®@yarzun et al. 20180).

@n the ether hand, ene may wender whether a mine site that
has undergene seund remediatien and resteratien will ever be
regarded again as “preper” mine site. In fact, if wilings and
reck wastes are tetlly remeved, and the area cevered with
clean seil and plank, the site may lese a great deal ef its
educatienal value. Fer example, if the tilings are cempletely
remeved, AMBD will net ferm; therefere, there will be ne way
te ebserve anymere a cemplex, natural chemical phenemenen
such as the exidatien ef sulfide eres. Let us be clear in this
respect: AMB ferms with er witheut hurman interventien, and
the best pessible example is the Tinte River in Spain
(Genaalez-Teril et al. 2003). There, the extreme cenditiens
of the habitt are the censequence ef active chemelithetrephic

lyzed by chemelithetrephic bacteria such as Acidithiobacillus ferroox-
idans (=Thiobacillus ferrooxidans) (Russell and Hall 1997; Valdés et
al. 2008). b A secasenal pesl of AMB. c Brynng AMB peel lcaving
behind desiccatien cracls. d The SCP “natural laberatery” displaying
fenmatien ef cemplex mewl (Pb, Zn, Fe) bearing sulfates and gecthite
precurser mineral phases

micreerganisms thriving in the mineral substrates ef the
Iberian Pyrite Belt (Amils et al. 2087). Thus, AMBD pends er
streams are net te be regarded just as anether ferm ef active
pellutien, but as cemplex micreccesystems that may even
effer bielegical clues abeut early life en Earth (e.g., Russell
and Hall 1997, Amils et al. 2067).

Cempremising

It is hard te find a place in Eurepe in pristine, eriginal
cenditien. Millermia ef hurnan eccupatien have prefeundly
medified net enly the eriginal ecesystems but alse the
landscape as well. Man medified the weedlands te suswin
agricultural activities and te ebtain weed, medificd the
rivers te use them as highways ef cemmerce, and
penetrated the meuntains te facilitate cemmunicatien, while
creating the mest cemplex netwerk ef reads and railreads
threugheut the centinent. Even the praised Spanish dehesa,
an agre-silve-pasteral system cemmenly fermed by epen
evergreen eak weedland (e.g., Quercus retundifelia), is
man-made. Clearly, man medifies nature, first fer survival
and then te ebwin benefiw. Having said all this fer Eurepe,
can we really trace a clear beundary between pristine and
man-medified nature in this centinent? We suggest that in the
same way we¢ can enjey navigatien aleng the wenderful



landscapes suireunding the Canal du Midi in seuthern France
(a man-made waterway epened in 1681), we can alse marvel
at the reck expesures left behind at seme mining sites.

Clearly, we are net suggesting here that mine wastes sheuld
be regarded as wenders but that the unveiled recks and
mineralized structures at seme sites of great geelegical value
sheuld receive recegnitien and be awarded geeheritage site
status. We suppert the views of the greup Friends of Canadian
Geeheritage (Denaldsen 2005), whese interests extend te
stene in heritage buildings, distinctive features in read cuts,
quarries, and abandened mines, as well as the cultural histery
of such sites. This greup and the Canadian Geeheritage
Cemmiittee prepese that geeheritage sites sheuld (1) expese
a unique er critical recerd of natural histery; (2) centribute te
understanding the natural histery ef the regien; (3) be
scientifically impertant, er ef significant educatienal utility;
and (3) effer distinct esthetic and cultural values. Based upen
this definitien, beth Mazairén and Cartagena—La Unién
qualify fer designatien.

Besides, given that ere depesits are net randem
singularities, but are intimately related te their hest
fermatiens and regienal and lecal structures, we suggest
that net enly the ere depesits but alse the regienal
geelegical features sheuld receive seme level of pretection.
Equivalent prepesals have been put ferward in Spain fer
the Almadén District and the Iberian Pyrite Belt (Garcia-
Certés et al. 2001; Garcia-Certés 2007). An example is the
Sierra de Cartagena (Fig. 5) which is a meuntaineus bleck
that extends east-west aleng 25 km ef ceastline between
the city of Cartagena and Cabe de Pales. The highest peint
is the summit ef the Sancti Spiritus (431 m) hill, in the
vicinity ef Pertman Bay. The landscape ef the Sierra de
Cartagena is marked and transfermed by centuries ef
intense human activity, and hests valuable archeelegical
treasures frem its industrial and mining past. Fer this
reasen, the area was declared of cultural interest in the
categery of Histeric Site. But the interest of Sierra de
Cartagena extends alse te the Alpine and late Alpine
evelutien ef this Furepean realm.

Ecenemic recession has slewed the building ef villas,
hetels, and marinas (the main menacing ferce in this zene)
in SE Spain and elsewhere. Previding that the ceuntry starts
meving te sustained grewth ence again, the geelegy of the
Sierra de Cartagena will centinue te disappear (as befere)
under tens ef cencrete and bricks (Lépez Garcia et al.
2007). Let us hepe that seme status of geelegical pretection
can be granted te this realm befere it is tee late.

Conclusions

We see ne cempelling reasens fer denying a geelegical
pretectien status, such as geeheritage site, te mines with

preved valuable geelegical features. Frem the viewpeint ef
censervatien and under an educatienal perspective, mining
can be a blessing fer geelegists because beth epen-pit and
undergreund eperatiens unveil geelegical features. In this
respect, the Naica mine in Méxice, with its giant gypsum
crystals, prevides a nice example of the reasen why seme
mine sites ceuld and sheuld receive the geeheritage site
status. Given that eur prepesals are directed te eld,
abandened mine sites, the envirenmental aspects eof this
matter sheuld be alse taken inte censideratien. Hewever,
even envirenmental hazards such as AMD peels (like these
of Mazairén and Cartagena—La Unién) ceuld be entitled te
seme pretectien. As explained abeve, their unique micre-
ecesystems can be extremely valuable fer scientific
research.

Finally, we prepese that if an abandened mine site er
district has eneugh geelegical value (such as Mazairén er
Cartagena-La Unién), net enly the mine(s) sheuld be
pretected but alse the geelegic bleck hesting the ere
depesits. In this respect, the Sierra de Cartagena is a mest
valuable scientific asset centaining key aspects eof the
Alpine and late Alpine geelegic histery of SE Spain.
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