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DERO1-15: Dermochelys coriacea: 06/07/2015.

Muy completa.
Very complete.
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DERO1-17: Dermochelys coriacea: 10/05/2017.
Casi completa, falta algunos huesos del créneo.

Almost complete, missing some Skull bones.
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Quite complete. Very broken skull.

DERO02-17: Dermochelys coriace
Bastante completa. Craneo muy fracturado
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STE04-15

STENELLA
COERULEOALBA

06/07/2015

Falta mucha
parte del
cuerpo

Lavado con aguay
jabon, la acciéon de
alimafas hace que no se
recuperara gran parte
del cuerpo

STE05-15

STENELLA
COERULEOALBA

06/07/2015

Espécimen muy
joven, lactante,
aun no tenia
solidificada las
vértebras.

Lavado con agua
oxigenada, la falta de
calcio en los huesos,

mas la accién de

alimanias, hace que no
se haya recuperado mas
huesos en condiciones.

STE06-15

STENELLA
COERULEOALBA

06/07/2015

Completo, sélo
le falta aparato
hioideo

Lavado con aguay
jabon, el espécimen,
no presenta ningun
detalle de haber sufrido
traumatismo alguno.

STEO7-15

STENELLA
COERULEOALBA

06/07/2015

Muy completo.

Lavado con aguay
jabdn, aun presenta
bastante tejido pegado
al hueso, y presenta
fuerte impacto en la
columna que afecta al
menos a 18 vértebras.

ROCO01-15

VARIOS

02/09/2015

Varios especimenes.
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Falta un omdplato,

DELPHINUS
6 DEDO3-16 16/06/2016 una aleta y algunos
DELPHI )
huesos del esterndn.
Casi completa.
STENELLA Falta un oméplato
7 STE03-16 16/06/2016 platoy
COERULEOALBA algunos huesos del
esternon.
STENELLA Ejemplar bastante
8 STEO4-16 20/06/2016
COERULEOALBA completo
STENELLA
9 STE05-16 20/06/2016 Bastant let
COERULEOALBA /06/ astante compieto
Completo, sélo
falta el aparato
STENELLA hioideo. Presenta
10 STEO6-16 20/06/2016 un fuerte impacto
COERULEOALBA
en la columna
con callosidad en
vertebras y costillas.
Ejemplar joven, faltan
STENELLA
11 STE07-16 20/06/2016 algunos huesos de las
COERULEOALBA

aletas y esternon
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Ejemplar completo,

STENELLA , . .
6 STE 04-17 23/05/2017 El craneo bastante Tiene tejido en aletas.
COERULEOALBA
deshecho.
7 R.0. 02-17 DELPHINUS DELPHIS 23/05/2017 solo craneo
Sélo vértebras y
8 R.0.03-17 Sin identificar 25/05/2017 costinas. Puede que de
un soélo espécimen.
Ejemplar casi
STENELLA completo, falta aun
9 STE 05-17 25/05/2017
COERULEOALBA /05/ varias vertebras de la
cola.
Ejemplar completo,
solo falta humero,
cubito y radio de aleta
10 GLO 01-17 GLOBICEPHALA MELAS 25/05/17 . K
izquierda, en proceso
de busqueda en
pudridero.
Bastante completo, Mantiene restos de
11 DED 02-17 DELPHINUS DELPHIS 06/06/17 aunque hay restos de tejidos en aletas, lavado

un segundo individuo.

con aguay jabon.
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CAR 02-15

CARETTA
CARETTA

06/07/2015

Sélo caparazon y algun
que otro hueso.

Perteneciente al periodo en
el que no se pudo hacer un
seguimiento del cadaver, y por
eso falta el resto del cuerpo.

CAR 03-15

CARETTA
CARETTA

06/07/2015

Caparazon, plastrony
crdneo.

lavado a mano, y con agua y
jabon.

CAR 04 -15

CARETTA
CARETTA

06/07/2015

Bastante completa.

Lavado con aguay jabén,
presenta cicatriz en caparazén
por hélice de embarcacion

CAR 05-15

CARETTA
CARETTA

06/07/2015

Muy completa.

Lavado con agua, presenta
pequefias deformidades en
caparazon y algunos huesos.
Posible enfermedad dsea, por el
desgaste que tiene a lo largo del
centro del caparazén.

CAR 06-15

CARETTA
CARETTA

06/07/2015

Falta caparazény
varios huesos del
craneo.

Se limpid con agua oxigenada.
Presenta gran deformidad en la
parte del caparazén que queda.
Posiblemente por impacto,
aunque por la gran deformidad
que presenta en vertebras y
huesos de caderas, puede que
sea por enfermedad ésea.
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CARETTA Lavado con agua, por lo que aun
13 CAR 13-15 06/07/2015 Le falta varios huesos \m 3 P g
CARETTA cria acaros.
CARETTA Lavado con aguay jabon,
14 CAR 14-15 CARETTA 06/07/2015 Muy completa. presenta fractura en lateral del
caparazon, la cual se curé.
CARETTA Caparazon y plastron Lavado con aguay jabon, atn
15 CAR 15-15 CARETTA 06/07/2015 completo, no asi el conserva demasiada grasa, por lo
craneo. que esta muy oscuro.
CARETTA Resto de 2 0 mas Lavado con agua y jabdn, y adn
16 CAR 16-15 06/07/2015
CARETTA /07/ individuos. tiene bastante grasa,
, Igual que el anterior, unos
CARETTA Resto de 2 0 mas
17 AR 17-1 7/201 t i
c 5 CARETTA 06/07/2015 individuos. pocos Bw.Om .mwnmmom‘ de varios
individuos.
Lavado con agua y jabdn, los
CARETTA huesos que faltan, puede que
18 CAR 18-17 06/07/2015 Bastante completa, \ .
CARETTA estén mezclado con unidades

anteriores.
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Casi completa,

Lavado con agua y jabdn, puede

CARETTA L,
25 CAR 24-15 02/09/2015 con partes de otro que tenga relacion, con los
CARETTA L . .
individuo. huesos de la unidad anterior.
26 ROT 01-15 VARIOS 02/09/2015 Resto de varios especimenes.
BASE DE DATOS DE TORTUGAS 2017
Ne Ne ESPECIE FECHA ESTADO OBSERVACIONES
CATALOGO REFERENCIA RECUPERACION OSAMENTA BIOLOGICAS

CARETTA Completo, con algo de

1 CAR 01-17 10/05/2017
CARETTA grasa

Casi completa, falta . .
DERMOCHELYS Pendiente de la limpieza del

2 DER 01-17 10/05/2017 algunos huesos del 3

CORIACEA ) caparazon.
craneo

CARETTA

3 CAR 02-17 10/05/2017 Le falta el craneo
CARETTA
CARETTA Completa, slo Las extremidades que quedan

4 CAR 03-17 10/05/2017 le falta un par de emidades queq
CARETTA tiene aun tejido.

extremidades.
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ANALYSIS OF STRESS INDICATORS IN
COMMON AND LISTED DOLPHINS
(DELPHINUS DELPHI & STENELLA
COERULEOALBA) IN THE CEUTA REGION

ANALISIS DE MARCADORES DE ESTRES EN

OSAMENTAS DE DELFINES COMUNES Y
LISTADOS (DELPHINUS DELPHI & STENELLA
COERULEOALBA) EN LA REGION DE CEUTA

AUTHORS/AUTORES: Oscar Ocana Vicente, Santiago Ordufia Mufoz,
Juan Antonio Rosa Monte & Hossain Abdeselam Mohamed.

Key words: damaged bones; marine protected area; dolphins interaction; stress

indicators

Corresponding author, O. Ocana: direccion@museodelmarceuta.com

Abstract. Searching on the skeletons of
two species of cetaceans common in our
shores (D. delphi and S. coeruleoalba)
we found out a series of stress indicators
based on some malformations found on
scapulae, ribs and vertebrae, linked with
traumatic process endured although
they were recovered a posteriori.
Impacts caused by accidents with high
speed boats or fishermen activities are

also other possibilities to explain the
skeletons damage. Interactions between
different  species of dolphins and
between specimens of the same species
are also a proven source of bone lesions.
Variations in the distribution of dolphin
species around the coastal protected arca
of Ceuta (LICES-6310002) may help to
understand the trophic behavior of these
species and the reason for their injuries.
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Resumen. Analizando los esquele-
tos de dos especies de ceticeos que
varan en nuestras costas (D. delphi y
S. coeruleoalba) encontramos una se-
rie de marcadores de estrés basados en
algunas malformaciones encontradas
en omoplatos, costillas y vértebras
que indican que los ejemplares estu-
diados han pasado por un proceso
traumdtico de fracturas de las que se
recuperaron a posteriori. Impactos
causados por accidentes con barcos
rapidos navegando a gran velocidad o

Introduction. The collection of skel-
ctons (110 specimens, see www.mu-
seodelmarceuta.com) and  dolphins
strandings data deposited in the Mu-
seum of the Sea of Ceuta allows us to
establish some guidelines on the partic-
ular natural history of each of the speci-
mens analized. We found a series of
stress indicators based on some malfor-
mations found in scapulae, ribs and ver-
tebrae that indicate that the specimens
studied have undergone a traumatic
fracture process from which they were
recovered a posteriori. From the first
moment we were thinking of a possible
impact caused by boats during the rest
periods of the dolphins and other vul-
nerable moments. Although without
any irrefutable evidence or observation
on this fact joined to the lack of infor-
mation regarding these behaviors, the
interaction with boats does not seem
to be able to explain, at least exclusive-
ly, the injuries concentration found in
the skeletons. The common dolphin
population associated to our coastline
was monitored during the years 2000-
2001 (Stephanis et al., 2001; Garcia
de los Rios and Ocana, 2006; Soler et
al., 2006). They were spread along the

106 ALIDRISIA - 2017

pescadores realizando faenas de pesca
son causas posibles. Sin negar estas
posibilidades, las interacciones entre
diferentes especies de delfines y entre
ejemplares de una misma especie son
también una fuente contrastada de le-
siones dseas. Las variaciones de distri-
bucién de las especies de delfines en
torno a la zona protegida del litoral
de Ceuta (LICES-6310002) pueden
ayudar a entender el comportamiento
tréfico de estas especies y el porqué de
sus lesiones.

southern bay, although it was mainly
concentrated around Punta Almina,
occupying roughly the extent of the
protected sea area of Monte Hacho
(LICES-6310002, see Ocafa et al.,
2009). Its disappearance from the coast
can be linked to the presence of Tursi-
ops trucatus since both events were as-
sociated in time. It seems the bottlenose
dolphins had occupied the territory of
the common dolphins and would have
expelled their “former occupants” Since
that time we have not seen recovered
for our area the population of common
dolphins. It is true that in addition to
the bottlenose dolphin there are other
species (Globicephala melas and Gram-
pus griseus) that can exhibit aggressive
behavior (see Boys, 2015) but they are
not present in the south bay of Ceuta
littoral. In general, it is the vertebrae
that are most affected (T124L3), indi-
cating a greater frequency of blows ex-
ecuted in the upper chest area; The ribs
and shoulder blades are usually less af-
fected although in some cases there are
ribs with large bony callosities of repair
and scapulae that present important
breaks after having received impacts of
great importance.



Material and methods. All the ma-
terial including in this paper is linked
with the long term proyect headed by
Septem Nostra-Ecologistas en Accién'y
la Fundacién Museo del Mar de Ceuta
in order to monitoring the stranded
corps found at Ceuta litoral. The mate-
rial and methods used on stranded ma-
rine tetrapods is well known (see Garcia
de los Rios and Ocana, 2006; Ocafa et
al,, 2010). Skeleton measurements have
been done from head towards caudal
zone; we follow Cozzi et al. (2017) to
study the bone generalities (fig.1). The

o
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study have been peformed on five speci-
mens of the species D. delphi and four
of S. coeruleoalba. From each specimen
several data were taken: total lenght;
type of injury; location on the skeleton
and significance. Stress indicators were
defined also: level of callosity (low, me-
dium, high); number of uncomplete
bones; number of affected vertebrae;
number of affected ribs; scapula inju-
ries (deformation; extraridges; holes);
number of affected scapulae; number
of vertebrae unién; bones deformation
(severe; medium or low). (FIG2)

Lumbar

TR
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Results and remarks. Delphinus
de/phi: It is a coastal species in our
marine region and therefore seems
more susceptible to have accidents
with boatsand specific or interspecific
interaction with other dophins. The
information observed in the damaged
skeletons are included in tables where
the main stress indicators observed
in the bones of each of the specimens

108 ALIDRISIA - 2017

Fig.

are exposed. The most damaged
bones are the apophyses of the dorsal
vertebrae, the ribs and scapulae, the
bones that have mainly suffered the
impacts. It is necessary to emphasize
that all the bony lesions found in
the skeletons were surpassed and the
individuals died years later by other
reasons as old age and illness. (FIG2,
FIG3, FIG4, FIGS, FIG6).

p—

A and C: Impact with callosity in
] spinous process of T11-T13
4 and Ca5=CaB. B and D:
i Presence of left scapula damage
and ribs on the same side with
deformation on one flank




Specimen Ref.

DED16. Long 2,05m

Skeleton recuperation Date

201

Estimated Stranded Year

(2010-2011)

Level of callosity (low, medium, high)

Medium (callosity in vertebrae and scapulae)

Number of uncompleted bones

2(1 vertebrae and 1 rib broken)

Number of affected vertebrae

7(12-14 and 34-37 Spinous process only)

Number of affected ribs

3

Scapula injuries (deformation; extra ridges; holes)

Extra ridges and callosity

Number of affected scapulae

1 (left scapulae)

Number of vertebrae union

None

Bones deformation (Severe; medium or low)

Low

A, B and C: Impact with callosity in Spinous process only
T7->T14,L1-»13,LE->L10. Spimous process and Transverse
process affected by impact with callosity L11-»L14. Only
Transverse process affected L16-¥122.

D: Impact in right scapulae with deformations in both sides. E, F
and G: Impact on ribs 5 and & on the right side (thought) with

callosity.

g

Fig. 3

2017 - ALIDRISIA




Specimen Ref. DED01-15. Long 1,76 m

Skeleton recuperation Date 06/07/2015
Estimated Stranded Year (2014-2015)
Level of callosity (low, medium, high) High (callosirty in vertebrae, ribs and scapulae
Number of uncompleted bones None

21(7-17 and 22-24) Spinous process only.25-28
Number of affected vertebrae Spinous process and transverse process.30-33
transverse process only.

Number of affected ribs 2 (number 5 and 6 right side)
Scapula injuries (deformation; extra ridges; holes) Extra ridges and callosity
Number of affected scapulae 1 (right scapulae)
Number of vertebrae union None
Bones deformation (Severe; medium or low) Medium

A: Impact in T9=2*L2. B: An impact from the right side in L18=*Ca2. 2 vertebrae almost fused by the impact. Neither scapulae
nor ribs were affected.

Fig. 4
Specimen Ref. DED17.Long 1,88 m
Skeleton recuperation Date 2011
Estimated Stranded Year (2010-2011)
Level of callosity (low, medium, high) Low (vertebrae only)
Number of uncompleted bones 3(3 vertebrae broken)

110 ALIDRISIA - 2017



14(10-16 transverse process.32-39 Spinous process
Number of affected vertebrae
only)
Number of affected ribs None
Scapula injuries (deformation; extra ridges; holes) None
Number of affected scapulae None
Number of vertebrae union 2 vertebrae of Spinous process 32-39
Bones deformation (Severe; medium or low) Low

A L1-3.4 Impact from the right side producing
deformation in transwerse process. Right flank

DransVerse process werg \Iffl_'l;,l!'ﬂ meither SENOUS
process nor left transverse process, B and ©
Right Scapulas deformation as ribs from the
same side,
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Specimen Ref.

DED18. Long 1,88 m

Skeleton recuperation Date

2011

Estimated Stranded Year

(2010-2011)

Level of callosity (low, medium, high)

Low (vertebrae only)

Number of uncompleted bones

3(3 vertebrae broken)

Number of affected vertebrae

14(10-16 transverse process.32-39 Spinous process

only)

Number of affected ribs None

Scapula injuries (deformation; extra ridges; holes) None
Number of affected scapulae None

Number of vertebrae union

2 vertebrae of Spinous process 32-39

Bones deformation (Severe; medium or low)

Low

LONGITUD 1,98 m
A, Band C:T9-31 Impact from the left side, Spinous process affected only, D: LELD IMPAact in (FARSVErse process
only,

Fig. 6

Specimen Ref.

DED01-14

Skeleton recuperation Date

23/06/2014

Estimated Stranded Year

(2013-2014)

Level of callosity (low, medium, high)

Low

Number of uncompleted bones

None

Number of affected vertebrae

7(10-15 Spinous process and transverse process.20,21)

Number of affected ribs

None
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Scapula injuries (deformation; extra ridges; holes) None
Number of affected scapulae None

Number of vertebrae union None

Bones deformation (Severe; medium or low) Low

We have not witnessed aggressions be-
tween specimens of the same species or
between different species of dolphins
at sea, but skeletal analysis data con-
firm that the specimens examined have
suffered severe contusions. Stranding
data analysis confirm there have also
been no injuries caused by propellers
or other which indicate vessel colli-
sions in the region. In fact, there are
hardly any reports of collisions be-
tween vessels and dolphins (see Mar-
tinez & Stockin, 2013), but there are
some interactions with fishing as a
possible source of trauma to vertebrae,
ribs and scapulae of different species
of dolphins (see Van Bressem et al.,
2007). The high speed of a boat is a
good predictor of its ability to cause
damage, such as jet skis (see Martinez
& Stockin, 2013: 24). Because the ab-
sence of a resource management plan
on the Ceuta marine protected area,
the possibilities of interactions with
the fishing and fast boats, described in
other marine zones, cannot be ruled
out. European law establishes this ac-
tion plan although the local authority
at Ceuta ignores it; the absence of this
regulation increases the human pres-
sure (professional and sports fisher-
men) on the marine environment. For
this reason fishing activities and fast
boats races are carried out along the
whole coast In addition, there are two
almadrabetas anchored in the south
bay during the summer and autumn.

The study of the skeletons shows that
most of the impacts were observed in
the upper part of the back and also in
the lateral flank, which also suggest
the possibility of interaction with bot-
tlenose dolphins or fighting between
different individuals of D. delphi.
The interesting numerical relation-
ship between the decrease in number
of stranding of common dolphins and
the increase presence of bottlenose
dolphins in our area (only two strand-
ed corps in Ceuta during 1999, how-
ever, there was a stranding in February
2011) support the hypothesis of inter-
specific interaction. Since 2001 (see
Stephanis et al., 2001) the distribution
of common dolphins in the Ceuta re-
gion was signed up by a large presence
of specimens that were widely spread
on both sides of the Abyla peninsula
and extended towards Cabo Negro
(Morocco). Their presence become so
important that their feeding behav-
ior in the vicinity of Punta Almina
during summer time was included in
a guide for enthusiastic on ethology
(Soler et al., 2006). Nowadays com-
mon dolphins are missing from our
waters meanwhile the bottlenose dol-
phins have clearly increased their pres-
ence. For this reason, it can be argued
that this zone constitutes a conflict
point for feeding between the differ-
ent species of dolphins, or even for
the dispute of clans or groups within
the same species. Not surprisingly,
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Punta Almina is a hot point from the
ecological an oceanographic point of
view, (see Ocafa et al., 2009). There-
fore, it is possible that the bottlenose
dolphins have displaced the common

dolphins with their frightening pres-
ence and their well-known belligerent
behaviors against other species (sce
Lépez Fernandez and Rodriguez Fol-
gar, 1995; Boys, 2015.

D.delphi
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Graphic 1

Stenella coeruleoalba: it is a more oce-
anic species and therefore presents
less possibilities of interaction with
the other species of dolphins. There
are fewer lesions than in the previous
species and most are ruptures of up-
per apophyses of the dorsal vertebrae,
one damage scapula and scarce injured
ribs. Evidence of bone disease in some
vertebrae (L15-16, C12-13 and C16-
17) has also been found in the verte-
bral bodies of a single specimen.

The stranding data for striped dolphin
indicate a critical point during the
year 2005 (also extendable to D. del-
phi) that may be indicating a cycle of
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high concentration of food and there-
fore a greater presence of dolphins in
our coast infered through the strand-
ings (FIG11,FIG12). It scems that af-
ter that peak year of 2005 there have
been ups and downs that could mean
a greater dispersion of the species in
their continuous search for food. The
distribution of S. coeureoalba in the
region (Stephanis et al., 2001) shows
that it is also a trophic visitor of the
zone of Punta Almina in summer
time. These protected zone should
be a meeting point for the three dol-
phin’s species making easy interactions
between them. (FIG7, FIGS, FIGY,
FIG10).



A: Bone pathology in Cal0=»Cal3 B:
Vertebrae fused in L22, Cal and L15, L16.
C:Impact in Spinous process only L9-»114
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Fig.7
Specimen Ref. STE02-14
Skeleton recuperation Date 02/2014
Estimated Stranded Year (2013)
Level of callosity (low, medium, high) Low
Number of uncompleted bones None
Number of affected vertebrae 13(13-17 and 22-29 Spinous process only)
Number of affected ribs None
Scapula injuries (deformation; extra ridges; holes) None
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Number of affected scapulae None

Number of vertebrae union None

Bones deformation (Severe; medium or low) Low

(Skebeton
bitten by dogs
almost
entirely, both
apophysis and
scapulae)
A: Injury with
callosity in
Lig, L11,

Specimen Ref. STE02-15
Skeleton recuperation Date 06/07/2015
Estimated Stranded Year (2014-2015)
Level of callosity (low, medium, high) Low
Number of uncompleted bones None
Number of affected vertebrae 1(23 transverse process only)
Number of affected ribs None
Scapula injuries (deformation; extra ridges; holes) None
Number of affected scapulae None
Number of vertebrae union None
Bones deformation (Severe; medium or low) Low
Specimen Ref. STE 06-16
Skeleton recuperation Date 20/06/2016
Estimated Stranded Year (2014-2015)
Level of callosity (low, medium, high) Low
Number of uncompleted bones None
Number of affected vertebrae 11(13-17,28-33 Spinous process
Number of affected ribs None
Scapula injuries (deformation; extra ridges; holes) None
Number of affected scapulae None
Number of vertebrae union None
Bones deformation (Severe; medium or low) Low
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A: Spinous process onby
T12<»L3 fracture welded
with callosity.

B: L15-*Ca2 2 different

appreciable impacts.
Spinous process affected
anly.

Az L122+L2 Injury with callosity
in Spinous process B Scapulae
with seme kind of pathology.
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Specimen Ref. STE01-14
Skeleton recuperation Date 02/2014
Estimated Stranded Year (2013)
Level of callosity (low, medium, high) Low
Number of uncompleted bones None

Number of affected vertebrae

4(13-16)Spinous process

Number of affected ribs

None

Scapula injuries (deformation; extra ridges; holes)

Deformation

Number of affected scapulae

1 (left scapulae)

Number of vertebrae union

None

Bones deformation (Severe; medium or low)

Low

S. coreuleoalba

Graphic 2

Conclusions.

1. Studied skeletons show bone injuries
linked to fishing, sailing or interaction
between dolphins, although there is
not any definitive conclusion about the
cause. It is necessary to emphasize that
the searched specimens surpassed all the
bony lesions found in the skeletons.
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2. Delphinus delphi specimens are the
most affected in terms of number
of injuries and their seriousness. S.
coeruleoalba shows less lesions and also
a case of bone disease with degeneration
of the vertebral bodies.



3. It is possible that interactions between
D. delphi and T. truncatus can explain the
spread of common dolphin from Punta
Almina vicinity towards other areas.

4. Graphics of both dolphins studied in
the paper are showing years with high
number of stranded corps followed
by others with less dead dolphins. A
plausible consequence of this fact could
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Abstract. Not described mineral
outcrops were previously located in the
Southeast area of Ceuta (Sarchal and
Hacho mountain), as well as outcrops
and traces cited at the beginning of
the 20th century that were forgotten.
Some outcrops show clear signs of

mining. All the outcrops and traces
appear in rocks belonging to the lower
Sebtides of the Rifian Internal zone
(orthogneisses of the Hacho and the
contact between the Hacho unit and
the peridotites-serpentines  of the

Sarchal bay).

Key-words: mineral deposits, orthogneises, peridotites, Rifian Internal zone, mining.
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Geological Setting. The Rif cor-
dillera forms the southern branch of
the Gibraltar Arc. This cordillera was
structured during the Alpine con-
vergence between the African and
Eurasian plates. Three major zones are
distinguished in the Rif's chain, from
inside to outside and bottom to top:
the internal zones, the Maghrebian
Flyschs and the external zones. The in-
ternal Rif is part of the Alboran Crus-
tal Domain (Andrieux et al. 1971;
Balanya et al. 1987) and includes two
metamorphic napes (from bottom to
top): Sébtide and Ghomaride. They
are interpreted as allochthonous ter-
ranes thrusting over the Flyschs that,
in turn, thrust over the External zones.
The internal Rif units are constituted
(from bottom to top) by the more
metamorphic Sebtide units and by the
less metamorphic Ghomaride units.

The Sebtide complex includes the Up-
per Sebtides or Federico units (Mil-
liard 1959), constituted by Carbonif-
erous to Triassic metamorphic rocks
(Michard et al. 1983; Bouybaouene
1993) and the Lower Sebtides, which
comprise kinzigitas, gneisses, mi-
caschists (all of them pre-Permian)
and the ultramafic rocks of Beni Bou-
sera (Morocco) and Sarchal (Ceuta),
that some authors (Reisberg et al.
1989; Ruiz Cruz and Sanz de Gal-
deano, 2013) proposed that were re-
moved from the upper mantle around
1400 Ma.

Recently, in the southern coast of
Ceuta (Northern Rif, Spain), two dif-
ferent pre-Triassic crustal rocks units,
belonging to lower Sebtides, have been
identified (Ruiz Cruz and Sanz de Gal-
deano, 2012a y 2013): paragneisses

(migmatized granulites and kinzigites)
overlying a small (actually) peridotite
body in the Sarchal bay; orthogneisses
(Bernard-Griffiths et al. 1977; Duran
Delga and Kornprobst, 1963), consist-
ing of meta-rhyolites and meta-gran-
ites, in the Hacho mountain. These
authors (Ruiz Cruz and Sanz de Gal-
deano, 2012ay 2013) suggest a genetic
relation between both types of units:
an incipient melting would produce
migmatites, whereas more advanced
melting and mobilization could lead
to formation of felsic liquids enriched
in silica and alkali cations which origi-
nated leucocratic rhyolites and gran-
ites during the Hercynian orogeny.

In the Hacho's orthogneisses (whose
structure corresponds to an anticline)
it can be distinguished (Sanz de Gal-
deano and Ruiz Cruz, 2016) two
groups of rocks: the lower and the up-

per group.

The lower group of orthogneisses, the
biggest outcrop, includes (Sanz de
Galdeano and Ruiz Cruz, 2016) fine-
grained metamorphic rocks interpret-
ed as derived from rhyolites (located
in the southern and western parts of
the outcrop), porphyritic granites (in
the central and eastern zones) and leu-
cocratic meta-granites (in the inner-
most zone).

The rocks, in general, contain variably
sized porphyroclasts of k-feldspar, pla-
gioclase, quartz and altered cordierite,
and a fine-grained matrix of quartz,
muscovite and biotite o clorite. These
are also characterized by the abun-
dance of phases inherited from the
protolite (restites), such as apatite,
zircon, and small garnets. This lower
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group of orthogneisses metamor-
phosed (Homonnay et al. 2014) under
Amphibolite-facies conditions.

Although their pre-Alpine history
is poorly known, recently it has been
described the evolution of the field of
deformation and vertical movements
in the area, from the Neogene to today
(Romagny, 2014).

According to Romagny (2014), the
evolution of the field of deformation

suffered by the Hacho, the last 23 Ma,
would be as follows:

1.- A phase of radial extension (D1):
which accommodates the last stages of
lifting of the lower Sebtides. The duc-

tile domain to the fragile transition

takes place between 22-20.5 Ma. This
extension phase lasts until the lower
Burdigalian;

2.- A compression phase ~ E/W (D2):
associated with an extension ~ S/N;

3.- A compression phase ~ S/N to =
NW / SE (D3): associated with an ex-
tension ~ E/W to ~ ENE/WSW;

4.- A radial extension (D4) phase: that
transforms most of the pre-existing
structures in normal faults orientated
~ E/W. This phase of deformation ap-
peared in the Messinian and has been
active to the present day: are faults
that structure the coast and play an
important role in the control of the
current relief.

FIG. 1: Geological scheme of the Sébtide complex in the eastern area of Ceuta. Modified from Romagny, 2014 and Sanz de
Galdeano, 2016.
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Mineralizations of the Hacho
and Sarchal bay. In this context
of intense tectonic deformation
in the area (which has enabled the
mobilization and concentration of
metallic minerals in areas of fractures)
a series of mineralizations of iron and
copper recorded for the first time
in the southern coast of Ceuta and
located in the rocks belonging to the
lower Sebtides of the internal Rif.

Copper appears embedded in parts
of fractures of ortogneises in contact,
more or less close, with serpentinized
peridotite. The main outcrop shows
the typical form of “flor de cobre
o cardenillo” (it is significant that
the topographic name from the
place of the outcrop is Punta de El
Cardenillo), which is the result of
a  low-temperature  hydrothermal
alteration  process  produced by
meteoric water and, probably, marina,
progressing downward, favoured by
subvertical availability of numerous
fractures, decomposing the original
mineral sulfur, chalcopyrite (and, to
a lesser extent, pyrite), and depositing
the resulting leachate in porous rocks
areas and resulting in a wall covered
by a surface layer of salts of copper of
blue and green tones. The site shows
evidence of ancient mining activity (we
have identified four mines/galleries).

Mineralization appears to be located
along a ~ E/W subvertical fracture,
existing to its around numerous
minor fractures ~N/S filled with
chalcopyrite. There are also small
masses of sulphur and limonite.
Mineralization can be traced to the
NE, in regard to the marabout of Sidi
El Abbas.

Theoriginofthecoppercouldberelated
to  postmagmaticas hydrothermal
solutions later mobilized to the site of
the peridotite, of site Sarchal.

Although still it has not been able to
perform mineralogical identification
inside the mine, it is expected to
find sulfates of the type halcantite,
melanterite or similar, due to the
similarity of the outcrop with others
that have appeared in the province of
Malaga (Romero Silva et al., 2013).

Iron appears mainly as chalcopyrite
although pyrite was also located.
In the majority of cases, it occurs
by filling narrow fractures. Already
in the middle of the 19th century,
(Coquand, 1846) and beginning of
the 20th century (Dupuy de Loéme
and Milans del Bosch, 1917) outcrops
of iron (chalcopyrite and arsenopyrite)
are described in the ortogneises and in
the peridotite, some of them missing
now. The area with further outcrops is
located in the vicinity of the Punta de

El Quemadero.

The presence of important masses
of chalcopyrite was recorded (verbal
communication) when the foundations
of the Hacho Towers were made. They
are located above the peridotites of the
Sarchal, were made.

It should also be noted the emergence
of a gossan in an elevated area near the
peridotite contact.

Similarly, certain black scabs, not yet
identified, near the contact with the
peridotite have been discovered.
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FIG. 3: A.- Outside image of copper outcrop of Punta de El Cardenillo; B.- Detail of the cardenillo; C.- Sulfur and limonite in the
Puntade El Cardenillo; D.- Fracturefilled with chalcopyrite; E.- Fracture with iron and copper in the Sarchal; F- Pyrite in the
periodotites of the Sarchal.
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FIG. 4: A.- Gossan of chalcopyrite near the Sarchal; B.- Traces of iron in the Punta de El Quemadero; C.- Black mineral crust,
unidentified, near the peridotites.

Archaeological and historical
evidence of mining in Ceuta. In the
course of the archaeological intervention
in the street Eduardo Perez, we
documented a metallurgical furnace of
the early medieval period. This finding
raised many unknowns and unsuspected
lines of research: 1) To recognize the
source of the iron and other possible
minerals that were transformed into
the furnace. The initial data indicate
the existence of several iron outcrops in

S e e

i

different sites around Ceuta geography.
The closest area to this archaeological
intervention is the area of San Amaro,
where there is a ravine called del Hierro,
as well as a fountain of the same name,
and the environment of the Sarchal cove.
Precisely during the construction of the
so-called towers of the Sarchal appeared
potent levels of iron and chalcopyrite,
which, unfortunately, could not be
properly documented and studied.

FIG. 5: A.- Metallurgical fumace recently found; B.- Slag from the metallurgical furnace.
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During a casual visit to the
neighborhood of Sidi Bel Abbas,
located in the vicinity of the
aforementioned slum, we were able to
identify the presence of copper ore and
locate a series of galleries excavated in
the rock. This was a novel finding, since
there were no references of this type
of copper reef in the different studies
published on the geology of Ceuta.
I also had no historical references to
these ancient copper mines.

The first of the mines is in the so-called
Cala del Amor, located a few meters
from the morabito of Sidi Bel Abbas.
The gallery has a total length of 66
meters and in its route we find several
perpendicular branches of short length
(between 1.5 and 3 m).

More to the west we locate the ones
that we have denominated mines of
the Cardenillo. This gallery has two
vertical wells and a lower gallery that
has its entrance from the sea on the
western side. The entrance of water
in the times of high tide and strong
swell made necessary the construction
of a sluice for the containment of the
seawater. It is possible to observe a
perpendicular gallery with southeast-
northwest direction and the beginning
of a second branch that had to be
abandoned due to the hardness of the
geological material. On the wall of this
blind gallery has been imprinted the
imprint of a mining tool. Parallel to
this gallery, in a southerly direction, we
have identified a possible second mine
of which a vertical well is now visible
and filled with stones.

Other element related to the mines
of Cardenillo is the tower of the
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same name, which could serve for the
extraction of the ore from the vertical
wellsexcavated atits feet,and alarge area
of smelting slag that starts in the upper
part of the neighborhood of El Sarchal
and it arrives until the environs of the
alluded tower. In general, the presence
of smelting slags on the southern slope
of Mount Hacho, between El Sarchal
and El Desnarigado, is relatively
important. The areas with the highest
concentration are the Junquera Beach,
El Quemadero Point, El Cardenillo and
La Torrecilla beach, better known as El
Desnarigado.

Later we expanded the research area
and we came up with another outcrop
of chalcopyrite in the vicinity of the
Sarchal fort. In this area we have been
able to locate two galleries and an open
pit mining area. One of the galleries is
located a few meters from the entrance
to the eighteenth fort and the other
by the sea, several meters east of the
aforementioned fortification. Closer to
the Quemadero fort we have identified
a horizontal area in which eleven marks
of stonecutting instruments have been

registered (FIG. 6).

The results of the analyzes carried out
on foundry slag recovered inside the
metallurgical ~ structure of Eduardo
Perez Street determined that it is an iron
forging furnace, probably related to the
construction of ships. As for the samples
of rocks from the mine of love, it has
been possible to conclude that these are
chalcopyrite with a high content of iron
and copper sulphide. The presence of this
last mineral in one of the analyzed slags is
due to the fact that the starting ore comes
from an iron-copper sulphide deposit,
from which the sulphides have not been



exploited, but the oxides and carbonates
from the top (iron hat) for the production
of iron. Nor can we rule out that copper
has also been produced, but not at the
site of the excavation, but elsewhere. The

i
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|

iron metallurgy in the ports is always
related to the atarazanas (Saltés, Seville,
Algeciras, etc.). It is plausible to think the
same explanation for Ceuta aoutcrops

and forging furnace.

FIG. 6: A.-Mine/gallery 1 (the most eastward); B.- Sketch of mine/gallery 1; C.- Mine/gallery 2; D.- Mine/gallery 3;

E.- Mine/ gallery 4; F- Remnants of mining activity on the beach of La Junquera.

The study of literature and archival
sources have enabled us to establish
a “terminus ante quem” for the
excavation of the four mines located
since we began this geoarchaeological
research. It seems clear that these mines
predate the early twentieth century. The
researcher and first official chronicler of
Ceuta, Antonio Ramos Espinosa de los
Monteros in his book “Ceuta 1.900”

(written between 1900 and 1912)
gives a brief account of the galleries
discovered in the Sarchal: “.. on the
beach of Sarchal there good fishing, and
its rocha stones for construction and
product demonstrations mine “(Ramos
Espinosa de los Monteros, 1917: 206).
At the same time that Espinosa de los
Monteros writes his work, another
researcher, the doctor Celestino Garcia
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Fernandez writes his famous “Medical
Geography of Ceuta” (1906). This
book includes a short chapter on the
geology of Ceuta. In speaking of Hacho
he writes the following:

“In the mountains of Hacho, dolomitic
limestones are remarkable; In its
cretaceous terrains are serpentine and
steatite and on the southern slope of
this mountain, a blue rock is commonly
known as the stone of the Sarchal,
which becomes a talcosa stone, whose
dark gray color makes it resemble to
black marble; This rock is quite hard, it
is easy to work, unctuous to the touch

and able to polish.

Of the rocks and indicated lands, it
takes advantage of the building stones.
Of the limestones, lime is obtained in
abundant lime of good manufacturing
conditions; Plastic clay for the
manufacture of bricks and tiles and
other pottery objects; And although
in small, some one is used for the
artistic works. Of the stone of asperén
have been constructed paving stones
of proven utility for the floor of the
steep alleys of the population. In some
places, you are the almagre, a stratiform
copper, graphics ampelita and red and
yellow ochres “(Garcia Fernidndez,

1906: 48-49).

We sce, then, that the presence of
iron and copper in the Hacho was
known at the beginning of the 20th
century, but there is no reference to
its extraction for commercial or other
purposes. The confirmation of this
fact is found in a book from the end
of the first quarter of the twentieth
century. We refer to the work “Abyla
Herculana” by Francisco  Sureda
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Blanes (1925). In its “preliminary”
chapter, the author introduces a section
dedicated to “mineral deposits” about
what it says: “geological studies have
discovered in the area of Ceuta the
following minerals, of more or less
commercial and industrial importance:
HEMATITES, in the stratum-
crystalline;,  CHALCOPYRITE in
Monte Hacho gneiss and various
periodite  “(Sureda  Blanes, 1925:
41). The same author also cites other
minerals present in the territory ceuti
as estribina or antimonio. From the
point of view of Sureda Blanes, “ there
is no doubt that all these minerals,
duly exploited by the Spanish industry,
would constitute a significant source of
wealth; but ... “(Sureda Blanes, 1925:
42). These final points of departure
make it clear that at the time of
writing these lines (1925) there was
no exploitation of mining resources in
Ceuta.

With the aforementioned biblio-
graphical quotations, we can safely
say that the iron and copper outcrops
documented in the Hacho were not
exploited in the 20th century, or in
previous dates. To determine the
chronology of documented mines
during our explorations we will start a
reverse route, trying to establish a “post
quem tempus” for the excavation of the
galleries found on Mount Hacho.

The oldest structures and levels
documented in the Ceuta urban
nucleus is the so-called “protohistoric
settlement of Ceuta”. This site, located
in the small square adjacent to the
Cathedral of the Assumption, provides
a timeline that includes the eighth and
seventh centuries BC. The conclusions



of the study on this archaeological site
indicates that “the mining potential of
the region are not too many though the
existence of mines of antimony in the
contemporary era was already recorded.
Although nothing can be said about
their use in previous times. In the case
of Ceuta deposit it has not been able
to confirm the mineral handling or
processing thereof, and therefore this
situation, it is difficult to establish a
link “(Villada et alii, 2010: 207).

From the protohistoric to the Roman
occupation of Septem Fratres, late be
period, we find a time slot for which we
do not have textual and archaeological
data, regardless of amphoric material
Punic recovered from the Ceuta seabed.
As regards the Roman period, we know
from the various interventions carried
out in the Isthmian zone of Ceuta
that its economic activity revolved
around the production of salted fish
and sauces (Pérez Rivera, 2005: 147-
170). Regarding a possible mining or
metallurgical activity in high imperial
times, we do not have any evidence to
support this possibility, at least in the
current state of archaeological research
in Ceuta. However, in the study of the
economy of Mauritania Tingitana (sI
aC-II dC) by Prof. Gozalbes Cravioto
(1997: 51) he refers to the work of M.
Ponsich on the different indications of
mining copper and lead in the Tamuda
and Septem Fratres (Ponsich, 1966:
1271-1279).

The first metallurgical procesing
evidence dated between the end of
the VI century and the middle of the
VII AC was found in the excavations
carried out near the Roman Basilica of
Ceuta. A significant amount of foundry

slags were recovered linked with smithy
on forge works for diverses purposes

(Hita and Villada, 2007: 106).

In the medieval period we found no
reference to mining operations or
metallurgical workshops (Hita and
Villada, 2009: 106), with the exception
of Al Ansari comments about the brass
activities and shipbuilding facilities
(Vallve, 1963: 441), also recorded in
Mascarenhas (1995: 13) or the Leén
el Africano references regarding the
importance of the Ceuta goldsmiths
(Hita and Villada, 2009: 261). We will
have to wait for an archacological study
of some of these mines to determine, in
a reliable way, its origins and phases of
exploitation.

For now it has been archeology, very
recently, that has opened this new
line of research on the use of natural
resources, in particular geological, in
Ceuta.

For the first time we have found remains
of a metallurgical workshop in Ceuta,
with a chronology established between
the end of the XI century and the
beginning of the second century AD.

According to Mascarenhas (1995) we
can draw several conclusiones. The first
is the confirmation of the location Al
Ansari mentions for these shipbuilding
facilities. The second, the existence of
more than several tunnels, although of
less importance than the main one of
Madrib al-Sabika, located in the North
Bay as in the South. And finally, it gives
us a concrete date for the construction
of the main atarazana, “founded in 572
(1175-1177) by the Almohad Sultan
Yusuf ibn' Abd al Mu'min “(Vallvé,
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1963: 436, note 110). From a quote
from Al-Idrisi, Vallvé explains in a
note “previously were the dockyards
in Alcazarseguer or Qasr Masmuda”
(Vallve, 1963: 436, note 110). We
understand that Al Idrisi refers to Ceuta
prior to his birth in this city.

The revival of the importance of Ceuta
as a naval base would come from the
hand of Abderraman III and would not
abandon it throughout the medieval
period. It was in the Almoravid period
when the weight of the port of Ceuta
acquired a greater caliber as it became
the bridgehead for the passage of troops
to al-Andalus. During the first decades
of Almoravid rule, the port of Almeria
continued to be the predominant in
the Alboran Sea, but after its capture
by the Christian kingdoms in 1147, the
first place would pass in its own right to

Ceuta (Hita and Villada, 2009 : 223).

Asarecapitulation, we can say that from
at least the Byzantine period (sensu
chronicle of Procopius) it is possible to
find in the archaeological and textual
sources more or less obvious indications
of metallurgicalactivityin Ceuta, largely
related to the construction of ships,
without forgetting the well-known
production of brass objects during
the medieval period. The discovery of
the metallurgical furnace in the street
Eduardo Perez is an irrefutable proof
of the existence of smithies in the
medieval Ceuta. The data provided by
the aforementioned archaeological site
allow us to suggest the hypothesis of the
extraction of iron ore and copper from
the outcrops of chalcopyrite identified
in Monte Hacho. For the moment, the
mine galleries located in the cove of
the Sarchal and the cove of love do not
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have a precise archacological dating.
Of them there is no mention in the
medieval chronicles or in the modern
and contemporary ones.

Pending to carry out an archaeological
excavation in one of these mines, the
only elements that allow us to approach
their dating are their own typology
and chronological narrowing we
have established to try to determine a
“tempus before quem” and a “tempus
post quem “ For the moment, the only
certainty is that these mines were not in
operation at the beginning of the XX
century. Antonio Ramos alludes to the
mines of the Sarchal, taking for granted
that they had been abandoned for some
time; and Celestino Garcia alludes to
the copper outcrops on Mount Hacho,
but he says nothing of the mines on this
promontory.

The dimensions of the galleries, their
typology, the traces of circular tools
and bars, as well as the toponymy
are the arguments we put forward
to proposec a modern-contemporary
chronology (late cighteenth-first half of
the nineteenth century) to the localized
mines in Monte Hacho. Starting from
this last aspect, it is quite enlightening
that the tower located just above the
mine located in the cove of love appears
on the plane of Ceuta dated in 1850
and signed by D. Francisco Coello with
the name of Garretén del Cardenillo.
There is a mine of the same name and
the same geological and mineralogical
characteristics in the municipality
of Benahavis (Romero et alii, 2013).
This name, according to the group
of researchers who have studied this
mining, has to do with the beautiful and
colorful way of presenting the copper



salts on the walls of the galleries, which
is called “copper flower or cardenillo.”
It scems quite clear that there is a close
relationship between the name of the
tower and the copper mines located
just below it. The similarity between
the mortars used for the construction
of this “garitén” and the observable
in some of the structures related to
the mine make us think that they are
contemporaneous.

The productivity of iron and copper
outcrops identified to date on the
southern facade of Monte Hacho
must have been very low. The effort
to mince and extract the material

Proposal for conservation, study
and dissemination of Ceuta
geomining heritage. As we believe
is evident throughout this writing, it is
necessary to design and implement an
ambitious project of documentation
and study of the copper and iron mines
hitherto identified in Monte Hacho.
The research has two aspects, geological
and  archacological, which must
converge in a common information
sharing that both disciplines contribute
and whose final result will lead
to a general study of mining and
metallurgical activity in Ceuta during
its wide and extensive history. The
starting point is a clear lack of textual
and scientific references on this subject.
However, this is a promising line of
research. The first works of archival
and  bibliographical revision are
contributing data of enormous interest
and little studied until the date. We are

from the galleries excavated in the
hard rocks of the Hacho could hardly
be compensated with the economic
benefit obtained after processing the
mineral. Discarded the economic
motive for these mines, and framing
these mining works in the context of
the Ceutaof thelate eighteenth century
and the first half of the nineteenth
century, all point to the fact that they
are galleries of punishment excavated
by prisoners of the Ceuta prison. The
existence of this type of galleries of
punishment are attested inside the
fortress-citadel of Hacho, as we have
communicated to the researcher Juan
Jose Contreras Garrido.

sure that in the end this work will have a
very accurate picture of the importance
of mining in certain periods of the
history of Ceuta. For this, it is essential
to undertake archacological excavations
with the aim of revealing the origin of
the exploitation of these mines and the
different phases of use that it has had
throughout history.

Based on the knowledge gained from
the studies we are conducting and will
address in the future, we are expanding
the interest and heritage value of
Monte Hacho. There is still much to
be done in the conservation of the
natural and cultural heritage that we
can find on the surface and now also
in the subsoil of this emblematic and
mythical promontory. In general, the
state of conservation of the natural and
cultural resources of Monte Hacho is
quite bad. The same galleries that we
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have identified in the last two years
are abandoned, full of waste and in
some cases have suffered the effects of
fire, affecting in a significant way the
beauty of its walls covered with copper
and iron ore. It is necessary, as soon as
possible, to clean and close the access to
prevent new fires plunders.

These new findings of geologic-mining
and archacological character reinforce
the request that the association Septem
Nostra has been making for decades to
convert Monte Hacho into a Cultural
Park, with the category of Cultural
Interest and in the Historic Site
modality. Monte Hacho is the jewel of
the crown of the Ceuta heritage and
deserves to be protected, cared for and
proud to the world of the great treasure
that nature and history have put in the
Ceuta territory. It is worthwhile for the
citizens of Ceuta to become involved
in care and protection. Now, thanks
to the discovery of these mines, Monte
Hacho increases its attractiveness
and heritage importance. We are
revalorizing the interest of Monte
Hacho and making more suggestive so
that ceuties and outsiders are interested
in knowing its geological, natural and
cultural heritage. In order to achieve
this last objective, we need to design
and implement an adequate heritage
dissemination project.

Monte Hacho, as the discovery of
these mines shows, still contains many
natural and cultural treasures to be
discovered and put into value. It is
striking that being as Mount Hacho
is a place very transited by the Ceuta
and researchers have been able to go
unnoticed these mineral outcrops and
these ancient mines. This demonstrates
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the importance of a thorough and
careful exploration of the territory.
Nature reveals its secrets to those who
approach it with curiosity, respect and
veneration. The knowledge of a place
can not be limited to the consultation
of books, articles and documents
deposited in archives and libraries.
We have to go out to nature with the
healthy desire to enrich our inner world
with new perceptive and emotional
experiences. We must feel and seck
the latent spirit that envelops and
gives meaning to all that our senses are
capable of perceiving. Not everyone is
able to inspire the spirit of place and
take it to his soul and then crystallize
it into images or words. It is necessary
to describe experiences, such as we have
experienced during the investigation of
the Hacho mines, not with an objective
language and without feelings, but
rather wetting the pen in the same
heart. Every day we need more than
people to share with courage what flows
within. Research does not have to be a
depersonalized activity and without
feelings. Quite the opposite. Research

is pure adventure and deep emotion.

The most notable scientists are those
who have unified the scientific and
mystical dimension in their minds.
One of them, Albert Einstein said
that “the most beautiful thing we can
experience is the source of all art and
all true science mystery. Whoever
remains unaware of this emotion,
who can no longer astonish or imbue
himself with admiration, is practically
dead and his eyes remain closed. There
really impenetrable, manifested as a noble
wisdom and radiant beauty, which our
weak faculties can scarcely comprehend
in its most primitive form”.
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