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RECOVERY OF THE SOILS AND WATER  
 
The uncontrolled oxidation of sulphides generates hyperacidic (pH 2-3) and 
hyperoxidizing (> 500 mv) soils and waters, with high electrical conductivity and high 
concentrataions of sulphates,  Fe, Al and Ca, in which only extremophilic and some 
acidophilic microorganisms can survive.   
 
At the Touro mine, natural processes and the posterior mining activities have brought 
different sulphide-rich materials to the surface. These materials may be susceptible to 
oxidation by the above-mentioned mechanisms.  Three main groups of materials can be 
distinguished:  
 
1.- Fresh or scarcely weathered rock containing sulphides  
2.- Dumps or piles of excavated material  
3.- Decantation sludges  
 
In addition to the physical limitations of the Touro mine soils, their hyperacidic nature 
and high concentrations of dissolved Al, the soils are also deficient in nutrients such as 
P, K, and N, and as  a result of the absence or scarcity of biomass, contain very little C. 
This prevents the soils from recovering by themselves, by natural means. 
 
Waste products from industrial processes are often used in the recovery of degraded and 
or contaminated mine soils, as waste products may have properties that eliminate or 
mitigate the plant growth limiting properties of the mine soils.   
 
Materials with one or more of the following properties are suitable for restoration 
purposes: 
 
1.- Reducing nature: Substances capable of decreasing the redox potential below the 
stability field of Fe3+ by consuming oxygen are suitable, because they slow down 
sulphide oxidation, thus decreasing the production of acidity. The following materials 
are suitable: triturated pruning waste and forest clearing remains, sewage sludge, 
agrifood waste, elemental Fe, turf, good quality compost and any readily degradable 
material rich in labile organic matter.  
 
2.- pH amending capacity: Maintaining the pH above 3.5 involves the elimination of 
Fe3+, which would drastically reduce the generation of acidity. If the pH is maintained at 
pH > 5.5 in the output waters, this will allow the survival of aquatic life, including fish 
populations. Materials used to reduce the acidity include agricultural lime and other  
agro-industrial waste products, such as biomass ash, dregs, sewage sludge, mussel shells 
and demolition waste. 
 
3.- Capacity for adsorption of sulphates: This occurs at pH< 6.0 in edaphic or 
sedimentary materials or industrial waste rich in oxides or hydroxides of Fe, Al, Mn and 
Ti etc., especially if they are amorphous or of a low degree of order. The waste products 
used include the red sludges derived from bauxite and Al hydroxides generated in 
aluminium smelters, etc. 
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EMERGENCY STABILIZATION PLANNING AND TECHNIQUES IN BURNT 

AREAS: THE WILDFIRE OF MONTE FARO, CHANTADA 
 
Alberto Ledo1, Miguel López1, José Antonio Vega2, María T. Fontúrbel2, Vicente Otero3, 
Noemí Santiago3, Colleen Fugate3, Otilia Reyes3, Sheila F. Riveiro3, Beatriz Omil3 and Agustín 
Merino3, Cristina Santín4 
 
1 VIII Forest District, Xunta de Galicia, Spain. 2 Forest Research Center of Lourizán, Xunta de 
Galicia, Spain. 3 Platando Cara ó Lume, University of Santiado de Compostela, Spain. 4 
Swansea University, UK. 
 
BEFORE THE VISIT 
https://youtu.be/L-7wXlKPWfg 
https://youtu.be/5y9WOzMRXyM 
 
Characteristics of the wildfire 
The fire occurred at Monte Faro, in the municipality of Chantada, between the 12th and the 17th 
of October 2017. The area burned was 318 ha. The fire occurred under conditions that favored 
the spread of fire. 
The mild climate of that year allowed a large accumulation of dry biomass in the forest and 
scrubland. In addition, during those days, the wind speed was higher than 70 km/hr, relative 
humidity was less than 30% and temperature higher than 30 º C. In these conditions controlling 
the fire was difficult. 

During the field trip we will explain how the extinction work was carried out and also 
the environmental impacts that resulted from the fire. The measures that were taken to prevent 
the degradation of soils and waters were also discussed. 

During the extinction, in addition to the land brigades, which had to use heavy 
machinery, such as bulldozers, amphibious-type aerial vehicles and helicopters also 
collaborated. 
 
Damage to vegetation and soils 

The fire affected an area of natural value, included in the Natura 2000 Network. 
The most affected vegetation were the dense bushes of Ulex europaeus (gorse) and 
Pterospartum tridentatum. Young repopulations of Scots pine (Pinus sylvestris) and maritime 
pine (Pinus pinaster) were also lost. In addition, some deciduous trees were also partially 
affected. 

The assessment of the damage to the soil is important to evaluate the subsequent 
recovery of ecosystems. A system of soil burn severity based on visual observation of the forest 
floor and uppermost mineral soil layer was used. Five levels of soil burnt severities are 
distinguished. In most of the area the soil burnt severity was moderate. However, in 
approximately 8 ha, the soils were very affected by the very high temperatures reached during 
the fire. In these areas the risk of erosion is extremely high. 

To ensure the recovery of ecosystems, a protocol of urgent soil protection techniques 
against erosion was implemented at Mount Faro. These techniques focused mainly on the areas 
of greater severity, especially those of more slope and close to the water courses. The most 
important protection technique was mulching with cereal straw. The application was made by 
helicopter. 
The application of straw mulching was very effective, as we will be able to observe by 
comparison between treated and untreated areas. In the latter, soil erosion is clearly visible. 

In some areas, instead of straw, mulching was done using the remains of burnt 
vegetation and logging residues. However, with the burnt residues you cannot cover the soil as 
effectively as with the straw. 

 



System of Soil burn severity (SBS) levels used in Galicia, through the immediate post-fire 
soil and duff visual characteristics 
 
Soil burn 
severity 
(SBS) levels 

Forest floor (Oi+Oe+Oa) Mineral soil (Ah horizon) 

0 No evidence of fire No evidence of fire 
1 Oa layer (lower duff) partially or 

totally intact 
Undisturbed 

2 Oa layer totally charred and covering 
mineral soil. 
There may be ash. 

Undisturbed 

3 Forest floor completely consumed 
(bare soil). There 
may be ash. 
 

Undisturbed. Soil structure unaffected. 
SOM not consumed. 
Surface fine roots not burned 

4 Forest floor completely consumed 
(bare soil). There 
is no charred residue. Thick layer of 
ash. 
 

Soil structure affected. SOM consumed 
in the upper layer. 
Surface soil color altered (grey). 
Surface fine roots burned 

5 Forest floor completely consumed 
(bare soil). There 
is no charred residue. 

Soil structure affected. SOM consumed 
in the upper layer. 
Surface soil color altered (reddish). 
Surface fine roots burned 
 

 
 
Post-wildfire emergency stabilization planning 
 

Post‐wildfire  natural hazards risk analysis

Assemble background
information

Map vegetation and soil burn
severity

Identify hydrologic and 
geomorphic hazards

Risk analysis assesment

Detailed risk analysis

Identify elements at risk

Establish team

Resources & wildfire
maps and data 

Determine elelements at 
risk, timeframe

Hydrometric data 

Overview
flight

Field and  
remote
sensed

Field review

Changes in veget, 
soil erosion riparian

and stream
conditions

Detailed report ,if warranted

When
necessary

Qualitative
partial risk

Historical data, 
background &  
modelling

Risk communication

Wildfires screening

Affected stakeholders & 
Agencies 

Mitigation measures & 
monitoring  

 
Outline of the procedure for assessment of post-wildfire natural hazards used in Galicia (Forest 
Research Centre of Lourizán, Xunta de Galicia). 
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WHAT WE ARE GOING TO DISCUSS? 
Approaches to work with students in restored mine areas (learning by doing) 
Education and awareness strategies to encourage the restoration of contaminated areas 
 
 
BIBLIOGRAPHY 
 
Bárcena, E.; Lagos, L., Gil, A. (2007). Los habitantes de la Escombrera. 245 pp. Instituto de 
Investigación y Análisis Alimentarios. Universidade de Santiago de Compostela. Endesa 
Generación. As Pontes de García Rodríguez. 
Educational posters: 
Four posters have been designed showing the functioning of the different ecosystems and the 
ecological benefits of the restoration 
 
 
  



DON

Patri
Bafas
 1Cen
2Univ
The D
close
over 
whole
exten
970 m
respe

Figur
 
The D
Comm
Cons
includ
Amon
of th
veget
Ulice
dunes
shiftin
sclero
system
dune 

NIÑOS 'S D

icia M. Rodrí
s2 
ntro de Estud
versity of Ath
Doniños we
 to the Ria d
the Ferrol M
e back-barrie

nds in a surfa
mm per yea

ectively (Carb

re 1. Locatio

Doniños wet
munity Imp
ervation in 2
ding 13 prior
ng the dune 

he particular
tation (grey d
etea)”. The D
s along the s
ng dunes”, 2
ophyllous sc
m is diversif
systems.  

DUNE SYSTE
A

íguez Gonzá

dos Florestais
hens, 3Univer
tlands and c
de Ferrol (A 

Massif which 
er system ha

face area of a
ar and the 
balleira et al

on of  Doniño

lands and co
ortance (SC
2014, occupy
rity habitats 
habitats that

rly fragile 2
dunes)”, and
Doniños dun
shoreline wi
2230 “Malco
crubs”. In ad
fied by the p

EM AND W
AND THE TO
lez1, Eleana K

s, Instituto S
rsity of Santi
coastal dune
Coruña prov
is made up o

as an approx
about 32 Ha
mean tempe
., 1983). 

os coastal we

oastal dunes a
CI ES111000
ying an area 
of the Direct
t will be visi
2130* prior

d 2150* prior
ne system a
ith Ammophi
olmietalia du
ddition, wher
presence of 2

WETLANDS:
OURISM CH
Karkani2, Ri

Superior de A
iago de Comp
es are locate
vince, Galic
of Hercinic g

ximate extens
a. The mean 
erature for J

etlands and d

are integrate
02) since 20
of 7.546 ha.
tive 43/92/C
ited during t
rity habitat 
rity habitat “

also exhibits 
ila arenaria 
une grasslan
ere the under
2190 “humid

: FACING U
HALLENGE
ita Marau1, A

Agronomia, U
postela. 
d in the nor
ia, Spain) oc
granitoids (B
sion of 150 H
annual prec

January and

dune system.

ed in the Cost
004, and w
. The SCI in

CEE.             
the field trip

“Fixed coa
“Atlantic dec

a good rep
(white dune

nds” and 226
rlying water 
d dune slack

UP THE GLO
ES 
Agustín Meri

Universidade

rth-western I
ccupying a 8

Bellido Mula
Ha. Of these
ipitation in t

d July are 9

 

ta Ártabra N
was declared 

cludes sever
 
, it is remark

astal dunes 
calcified fixed
presentation 
es)” and of 2
60 “Cisto-La

table reache
ks”, the wetla

OBAL CHAN

ino3,  Ignatiu

e de Lisboa, 

Iberian Peni
800 m wide v
as et al.,1987
e, a coastal l
the area is a

9.3°C and 1

Natura 2000 S
Special Ar

ral natural ha

kable the pre
with herba

d dunes (Ca
of 2120 “sh
2110 “Embr

avenduletalia
es the surfac
and compon

NGE 

us 

insula, 
valley 
). The 
agoon 

around 
7.8°C 

 

Site of 
rea of 
abitats 

esence 
aceous 
lluno-
hifting 
ryonic 
a dune 
ce, the 
nent of 



Figur
 

transf
the p
List o
the C
const
huma

coast
N dir
basin
occas
can b
episo
with 
chara
Alnus
accom
slope
is unk
decid
 
Wha
-Deve
-The 
-Eros
-The 
-Strat
 
Wha
-Und
-Tech
-Educ
 
REFE
Bellid

Carba

re 2. Images 

The spec
formation de
lant Antirrhi
of Threatene

Costa Ártabra
truction and 
an activities a

The Doni
tal lagoon is 
rection and o
n from the e
sional breach
be evacuated
odes of maxi

the open se
acteristic of 
s glutinosa 
mpanying ta
es of the adja
known, ther

duous forest w

at we are goi
elopment / e
dynamics of

sion, preserva
environment
tegies to pres

at we are goi
derstanding h
hniques to w
cation and aw

ERENCES 
do Mulas, F.

G., 1987.
Madrid: M

alleira, A., D
Galicia. F

of the dune s

cies present 
erived from 
inum majus 

ed Plants, pre
a SIC, acros
access ways 
are the creati
iños coastal 
almost perm

occupies 85,7
ast. The ave
hing of the b
d to the sea 
mum infillin
ea is genera
the Scirpo-P
and Salix a

axon (Guitia
acent mounta
e is some ev
was the dom

ing to learn?
volution of c
f coastal ecos
ation of coas
tal problems
serve dune sy

ing to discus
how dunes ar

work with stud
wareness stra

.; González L
 Las Rocas G

Memoria del
Devesa, C., 
Fundación Ba

system in Do

in these du
increasing a
subsp. linkia

esents only f
s whole Spa
related with

ion of pathw
lagoon repr

manently clos
700 Ha (Guit
erage depth 
barrier occurs
through a na

ng coinciden
lly small. T

Phragmitetum
trocinerea c

an Rivera, 1
ains. Althoug
vidence from

minant format

? 
coastal dunes
systems as a 
stal dunes wi
s of dune syst
ystems 

ss? 
e developed 
dents/popula
ategies to pre

Lodeiro, F.; 
Graniticas He
Instituto Ge
Retuerto, R.
arrié de la M

          
oniños (1/12/

une systems 
anthropogeni
anum includ
five populatio
ain. These ty
h touristic pre
ways for invas
resents anoth
sed by a 1.7 k
tian Rivera, 
of the lagoo
s during hea
arrow point 

nt with large 
The aquatic p
m associatio
constitute th
1987). Plant
gh the Holoce
m marine sed
tion at 3,000 

s 
basis for the

ithin a contex
tems associa

/ increasing 
ation in dune
eserve and re

Klein, E.; M
ercinicas del

eologico y M
., Santillán, 

Maza, A Coru

/2015) 

are especia
ic pressures 
ded as Endan
ons with red

ypical dune t
essure. An ad
sive exotic sp
her priority h
km long sand
1987). A sm
on is about 
avy winter st

in the north
rainfall even
plants living
n with Naja

he residual f
ted Pinus-Eu
ene vegetatio
diments in th
years BP (S

eir sustainabl
xt of climate
ated with tou

awareness o
e systems (lea
estore dune a

Martínez Cata
l Norte de Ga

Minero, Tomo
E., Ucieda, 

uña. 

ally vulnerab
such as tour

ngered (EN) 
uced numbe
axa suffer es
dditional con
pecies.  
habitat (1150
d barrier whi

mall 2.8 km lo
11-12 m bei
orms. Beside

hern part of 
nts. Howeve
g in the Don
as marina an
forest with Q
ucalyptus fo
on history in
he Ria de Fe
antos et al., 2

le manageme
e change  
rism 

on fragile sys
arning by do
areas 

alán, J. R., an
alicia y Occi
o 101, 157 p.

F., 1983. B

ble to the h
rism. For ex
in the IUCN

er of individu
specially fro
nsequence of

0*). The Do
ich extends i
ong river fee
ing reduced 
es this, fresh
the barrier d

er, water exc
niños Lagoo
nd Utricular
Quercus rob

orest occupie
n the nearby r
errol that a m
2001). 

ent 

stems  
oing) 

nd Pablo Ma
idente de Ast
.  

Bioclimatolog

 

habitat 
ample 
N Red 
uals in 
om the 
f these 

oniños 
in a S-
eds the 

when 
hwater 
during 
hange 

on are 
ria sp. 
bur as 
es the 
region 
mixed 

acia, J. 
turias. 

gía de 



Fernández Pena, P. 2015. Paleoecología del Lago de Doniños (Ferrol, A Coruña) durante el 
Holoceno a partir del análisis geoquímico de sus sedimentos. TFG, Bioloxia, 
Universidade da Coruña. 

Guitián Rivera, P., 1987. Aproximación al conocimiento de la flora y comunidades vegetales de 
la playa y laguna de Doniños (Ferrol, La Coruña). Concepción Arenal. Ciencias y 
Humanidades, 17,91-103 

Santos, L., Bao, R., Sánchez-Goñi, M.F., 2001. Pollen record of the last 500 years from the 
Doniños coastal lagoon (NW Iberian Peninsula): changes in the pollinic catchment size 
versus palaeoecological interpretation. Journal of Coastal Research 17, 705-713. 

 
 


