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2023 Critical Raw Materials (new CRMs in italics)

aluminium/bauxite Y coking coal lithium Y phosphorus

antimony * fe!dspar* LREE K scandium

arsenic fluorspar v magnesium silicon metal

baryte Y gallium manganese * strontium

beryllium germanium natural graphite tantalum

bismuth v hafnium niobium Y titanium metal %

boron/borate helium PGM tungsten *

cobalt Y HREE phosphate rock vanadium Y
copper* % nickel* Y

2023 Critical Raw Materials (Strategic Raw Materials in italics)

aluminium/bauxite coking coal lithium phosphorus
antimony feldspar LREE scandium
arsenic fluorspar magnesium silicon metal
baryte gallium manganese strontium
beryllium germanium natural graphite tantalum
bismuth hafnium niobium titanium metal
boron/borate helium PGM tungsten
cobalt HREE phosphate rock vanadium
copper* nickel*

Table 1.1: Critical and Strategic Raw Materials list from (Grohol et al., 2023) The star in the first table denotes the
presence in Sardinian territory.
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Figure 2.1: Geological sketch map of the Variscan basement of Sardinia. Modified by (Cocco and Funedda, 2019)
after Oggiano et al. 2010.
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Table 4.1: Scopes and utilities for the structure of the Metallogenic Database of Sardinia.
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F minerals FH emsa
nid integer eid character varying

4’3‘ id character varying >o @ id character varying

ﬂ minerals character varying

©
<> SMDB

[ emsa character varying

(o]

&> SMDB
E csrm
cid character varying
2 1d character varying e
[} csrm character varying

; ﬁ geom geometry(Point,3003) ©

j long double precision

H lat double precision
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gid integer
f? id character varying
f process character varying

£ age character varying

®©
(> sMDB
£ activity

/P idtext
aid integer

B status text

B work text
®
& sMDB ®
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g? id character varying }o

ﬁ lithology character varying
8 age character varying

ing

mid character varying
Z? id character varying

f commedities character vary
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orid character varying
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*—oé /P id character varying
ﬂ <> SMDB

strike character varying
104 ﬂ 9 texture

dip character varying
@ SMDB xid integer
= sites ﬁ plunge character varying
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Ij long character varying

[ 1at character varying

[ name character varying [0
[ carg ref character varying &> SMDB
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tid character varying
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'j geom geometry(Point,3003)

j geom geometry(Point,3003)

‘3 long double precision
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ﬂ lat character varying
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f] texture character varying

H geom geometry(Paint,3003)
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F morphology

oid integer

o{ @ id character varying

ﬁ morphology character varyi
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Figure 4.1: Entity Relationship Diagram (ER) of the Metallogenic Database of Sardinia
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Figure 4.2: Number of estimated active sites per year (active and inactive mines and quarries + exploration) based on
the operating_start and operating_end values of the sites table.
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Figure 4.3: Commodities per type of mineralisation that were involved in exploration or mining activities.
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Table 4.2: a) work type and count per site; b) work type associations and count per site.
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Table 4.3: Status of the sites.

Activity Works

& active mine
active quarry
anthropized
exploration
inactive mine

inactive quarry

- DROBE

waste
JVALLERMOSA

Aclivity Status
Y hint

~ e

_S\UQ\UZ;\ O ore deposit

CAPOTERRA,

ug.@

Figure 4.4: Activity work and status spread in Sardinia, with a focus on the Sulcis-lglesiente-Arburese area.
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Figure 4.5: Count of commodities occurrences. In green are the Critical and Strategic Raw Materials, in blue the
economic but not critical ones.

91 RqR#A¢cGIc UT IOEq! ¢ qUNRHWAECs IO~¢c qlJl R¢ Gt

NG IWT ¢caqcéct Dallg ddrnlH w0 Ew#H WY Riq 6 W6 JW=M=ZOWEz21 YGUWecUWOU
BIOA~t blWgYWett It W8 WWt ql ¢cqUNRAWROGGY! q¢c¢ URIWYNWEC! T
Gl UHHIR G EHDABY GGIJI AWHAC I RqUAW] e Yl RaqUaAWe!l + JURAAWE UqRG Y
URHt DOAWARY Gaq6 Alln 0T tpecd $EARWDINA W of RidRé Ui FAd Llc Sideedl i Rieediy |
dRaq6ReddAW2c¢cUcT RaG 1O

AUD ML



NS WW? ¢ aqce Het 1 cHopRR aodRARced Wi U ¢ G ! filF gLl & @IV L ho aq R W ap L dJaLFRRYXOWG WL R C

Ynwyl Jwli GYt Rt wWe UT wWarRU
9YGGUI AWHe!I RqUAWeUT Wy 2VYIl RaqUWel DWaqéWdWaYt qwe A UT ¢
HYGOGYT RqRIJt WYI Ws RT It Gl WeT WNéeUNe WWGRUWI ¢t WRULWq 6 1JLW
bIY21Jl WINMMWE RaJt WW¢eHEL WRUT REe qIt We Wt ql YOnWw WNRYU¢ @

I+ WUORRWEUT WeUqRGYU! WeYYWEUT WENWE Rt WI Wt GUHQR2 1
RUWI ¢ 0 RA ¢ q R5Y T 51 Wop 5C0R FGEaL HaUR U LW

Co

NeUnt quUWbi b AWGI Wt DUqWRUWOPWY Rt AWRY Wn!l Whe WUqi!
NIIOWII ¢ Oa! WY o @ERIcImRIT I

Acl DWE¢! q WEGWGWNUqt Weix AEEs Wel YW YR2GUWUqUT WRUWOOLWY |
DERIOW 6! T 1 Yaoéall @Bl wWRMe t WROWGY!I DWRU*FYqRAWEL + YHRHRE
GYa! ATRMIBOWRU2 Yo 2 19T IUER R (lddl Rt IR Yelli Rt ¢ q RY U

[emi

7Rt Geqé6 Wbl 7R AWARYHAHC G W9 Ve Ale UT LHE & BHE 1D 0 IWE 1J R 18 Wk 16 ILLIG |
YAardel WRUOWGYHO! GUqc OGO RHWEH Y DAAGENUt WsRagséWel + WURHAL ¢
| DYARMRROM! cawt !+ qdat 1o
] O G¢ WR2Xe WRULWNNILY RaRI 5 Eikd iR 016 A Y Ldt GRHEIC Ga! WnYe OT U
} G6¢ Il Rqld

qWaqéWaYs Wl WwPIOT WYnWaqéWWnl Yhe JUR! Wt GUHEq! cd WG
2¢U¢T ReUURONIY WUeHEL W WGI Wt WUqae!l RUqt WnY!l Wnel q6 131 L
N0z RUNDWNIUYOGYNRASC W He |l ARIGU qU seticRRYS(R 2l w (R YOA R12 2% 1A LW 2é O
6Rt qY!| RACOWIEHt WY nWael NRqUT WI+GaY!l ¢qRYUWWE2I0W RU
EO®t W ql ¢cqUNRAWE2qYUYQ! WNY¢cat 1O

AUD FLL



NG IJW? ¢ aqc¢ HEt MM cHapRR qajdReRyced Wic U ¢ !

U q)ll & GTY L ho an RUDapRLE H dIdLARRNO @ W R C
Ynwyl Jwli GYt Rt wWe UT wWarRU

E i F
. CRM-bearing mineralisations o D L]
5‘ b,l;”] & / ° L] @ CRM-bearing mineralisations
@ no CRM-bearing minerelisations - “\1“-';’:& / ¥ o
‘_,\? I W (j [/ o L . no CRM-bearing mineralisations
. S/ e
}1'} ,r‘/ o .’:’me ‘: ¢
{%J J e e .‘Q:{SJIA( Y 2o
e .
% - ;-,»/ . L ]
*\\m\ e e W N ve P s * VILLACIDRO
:.. SAsgAR LY 2 oo . = ® e NIMAGGIORE . .
] > "o A ¢ - /‘I s * o C ¢
- & o / [ ]
nf;/r; * % ¢ . {0 [) ot '\\ J e .'... '. o« ¢ % e LY . ®
of 3 . oy 0 e o e« * o 8 .
S e ae ® % / Ul * 3 .
| * 9 . { H .. e T * ® SYALLERMOSA
o, o0 8 . nuogoe o b
%\' L) 'Y P ) L] F) e o
! ' [ { S, ® L]
L] | JGLESIAS L
F | ' \ 1 © ot . SILIQUA
‘i 'y . Y e e g
/J .‘. 8 O I [ ] N LY .VILLAMASSARG\A
o . e .
4 ° 2 * o o‘ R f{ Ve o, 3 e,
| ORISTA ¢ a0, 5 . ®
by % .. "‘ . o = o8 o o o * °
v & 2 ® T ee “» g 5 LI e «® o @ ~
/ o Te%p % Lot . 9 2rad * %
e d \ . te &
L] [N A . " ¥
g %
° 1
‘e .o i «CARBONIA Jearcao T ® CAPO.TERRA_
° ..‘! - v 4 £ *e ® °
™ { J e 4
.A * MJ 7 L] [ ] /
[ ] ‘ i J
| : N
. % el AN . . v L
JCAGLIARI { g % . .« %
ey .
< e SO LSANTANTIOCO w o 3
! { 1\q‘i/ i g =2 o s * » .
-l o oM Sy «® o, [ O
L " ..K * P ® L]
) ® "o { / A | S L .
s # ( ® 3
Y S, 0 10 Wen  ®
e 0 10 20km 1 .
.gym_// g Iy . . «® P
P - Isas

Figure 4.6: Critical and Strategic Raw Materials and not spread in Sardinia, with a focus on the Sulcis-Iglesiente-

Arburese area.
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Figure 4.7: The distribution of the most common commodities associations per site.
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Type Count Fraction
hydrothermal veins 308 475
skarn 95 14.7 Types association Count
karst 51 7.9 hydrothermal veins, karg 23
sedimentary manganese depos| 36 5.5 hydrothermal veins, skar] 13
MVT 30 4.6 karst, MVT 10
greisen 27 4.2 greisen, porphyry 5
clay deposit 22 3.4 hydrothermal veins, MV] 5
pegmatite 16 2.5 greisenhydrothermal vein 2
porphyry 14 2.2 greisen, skarn 2
oolitic ironestone 11 1.7 MVT, skarn 2
sedimentary 9 15 greisen, pegmatite 1
sedex 7 1.1 clay deposit, pegmatite 1
metamorphic 6 0.9
bauxite 5 0.8
low sulphidatiorepithermal deposij 2 0.3
paleoplacer 2 0.3
placer 2 0.3
aplite 1 0.1
high sulphidation epithermal depg 1 0.1
magmatic intrusion 1 0.1
volcanic deposit 1 0.1

Table 4.4: Count of mineralisation types and association of types per site.

N6 WIWI ¢q¢c Het DWWl WHEYI T W 3213¢0We w2 iR §un G Imd Wl & © ket E
T UGYt Rt IGBNOMITELIAWE Wt RNDURIHc UqWT R21J1 + Rq! LHYhildt aa)d T cLidy
T DGYt RANBHIMARIIIO ¢ G Rt ¢ qRYUWq! GIJt We I Wi 3+ #1 RANT WA! Wi
6 Y1 q R Ul 6l Gréaioil

N6 1IJWRUq 1) ElE RRGMILY o tlills Raé W IGYH Rallg! GIJt We UT wNWUWqRH
nl ¢GUs Yl tWnY!l WeUT Wt q¢cUT RUNDWqSWWAGWqeaayYNUIUUqRHALIIZ
T ecaqcWel RGAWGH2UNUAWe UT Wt ql Rt Up Al it GOV WYDRHURMAKRD
qUlHqYURAWHYUq! YOt AWNUYaUql ! Al BY IG6! + RAcaWRYUT RqR

AUD Bl



NS WW? ¢ aqce Het 1 cHopRR aodRARced Wi U ¢ G ! filF gLl & @IV L ho aq R W ap L dJaLFRRYXOWG WL R C
Ynwyl Jwli GYt Rt wWe UT wWarRU

c! T1 Yq61l GeaWwéelRrRUY

] O ¢ 0 HOREG ddl ' eTH avd) 6RI TalReHR e IR U W 3G 3t WU q g6 IWa Y qlle

I Rt WNGEDIOP E¥ #EIJ | GLR 6 WY IV IHIJE € o 1T Wa Y WEUIT of S5 6C | apliRaAR L1 N

Gl YHWEOW!t Rt b tOWNGIJ! Wel WWs RT WG! WIT Rt ql RAz2 q3T Weé H#I1 Y

b Yeqdés 3t qUl UWE¢! T ROR¢ We UT Wt RIPUIRIZ IR R LN tHditle R # @O H 11 LU

NIBXIOWE DWW GUHql e WYNWE! T 1 Yqé 131 G¢ 0 W2RRMWL IEFRIYALHILY ¢ 1
JOT RUNY W 134 cfGUCN LN AY2G0REYch | LRAEICLIGR YL T 13 T SHLLE B Lbi G I3 LHH RUY I3
qRFEIY Ut gl ¢ RUq W qd @InRG a¢ LoH iEd iR df2a0sHG Mt RUNDWe NI WY n Wa 6 U
RGGYHt RAGWWe UWe ARzl ¢qWI ¢ qRUNIO
Wt RN URRIENHB D iR O W2 30 q WR W o ¥l Wadddlawd RUS 1§IULEPERKE RaqRY Git
Rqé6 W6 WA &R dW LR aldH It RY RGOS I¢ YA ALK S0MUG IRINDK dpIg tqdlUG1J ¢ t W
Dac¢dd YOUWR YRiWe NIt WRUHGAY P HINEVA LS 0 RIA Y 8BSt @R © A el
RapMIbllg 6 DWE! T1 Yq6 131 G¢ W oRRWHIFAYR H# WRGYetaRE! URst Righ@ La 6 13 L

- Co U

YOGGVYT RepRIMORH qqn| Whe JUqWRYGAYT Rq! Wett YHRE qRYULWRY L
Yoy DG Gl ¢qel DW2IURUWEH F BAGHAHDTE NIIA LI R0 BOUHERIER (0 @y g R OaT
bt YERE¢qRYUt WRUAG2T DWAHE!I RgUWWeWaWeT WetOMWYE R It ALWE Gt
JeYl RqUUWHSBWI Rt DEDqWa RUI ¢ G Wet + 1JAGHEE INRId 1ML TY 10 ENGH R ¢
| 3] WHqWT ROWI W0qWt ql efAgel ¢OWaW200t WYnWaq6 Wt ¢awyl |
bit Ye qdé Il 0eiEc dHRIOR ¢ LU

<O v ©

NEWWGYH! G NqcddRAWAYGGU! WeWildgs @A R ILE BIEHRY HBRYE |
btel OW WGYt Rt WRUT RAC qUWe W WGYARGRY ¢cqRYUWY nW9 ¢ GHI
qé6lWwécl Rt #e UWHAS ¢ RUIOLW

~Y1 DWAEY O GU 1+ 1RO HH ARIGaiRayRIGH YAU@H Re L éa | apf 6 1ILCHR B EIG dlepen We |
D+HGzt R2I0G! W6! T 1 Yq6 3l AR B I0E GURGYRRIUpLLR & 4 o'l &t & + NHR ¢
H6cl ¢HqUl RIGRHWRUq! 2t RY Ut

main commoditites occurrence - CSRM occurrences hydrothermal
hydrothermal veins veins
lead barite
232 165
arsenic barite nickel copper
165 111
68 30
51
104 142 104
fluorite zinc antimony 68 fluorite
111
copper arsenic

Figure 4.8: Hydrothermal veins main commaodities highlighting the Critical and Strategic Raw Materials.
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Hydrothermal vein{ measures min p05 pl0 p25 p50 p75 p90 p95 max avg st.dev.

dip dir 91 5 45 55 1125 180 2925 315 350 360 1985 101
plunge 91 10 45 50 60 70 75 80 85 85 669 13.6
strike 91 20 225 25 45 90 147.5 180 180 180 99.4 553

Table 4.5: Orientation data of the hydrothermal veins with percentiles.
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Kamb Contours (std dev) <

Figure 4.9: Poles distribution oftheh 'y d r ot h e r planar oriergation with Kamb Contours (software from
www.rickallmendinger.net/).
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Figure 4.10: Skarn main commodities highlighting the Critical and Strategic Raw Materials.
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Skarn | measures min p05 pl0 p25 p50 p75 p90 p95 max avg st.dev.

dip dir 27 10 33 40 475 165 2275 306 315 350 1546 106.1
plunge 27 30 30 30 40 50 60 70 735 85 504 14.4
strike 27 30 45 45 80 130 1375 158 177 180 110.2 4438

Table 4.6: Orientation data of the skarn bodies with percentiles.

Skarn poles (n = 27) N
Kamb Contours (std dev) ‘85

Figure 4.11: Poles distribution of the skarn bodies planar orientation with Kamb Contours (software from
www.rickallmendinger.net/)
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Figure 4.12: MVT main commaodities highlighting the Critical and Strategic Raw Materials.
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MVT ’measures min p05 pl0 p25 p50 p75 p90 p95 max avg st.dev.

dip dir 12 50 61 70 70 90 241 312 335 360 150 113
plunge 12 45 48 50 50 62 70 70 74 80 62 11
strike 12 20 34 49 124 160 180 180 180 180 138 56

Table 4.7: Orientation data of the MTV mineralisations with percentiles.
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Karst | measures min pO5 pl0 p25 p50 p75 p90 p95 max avg stdev.
dip dir 10 45 45 45 538 120 216.3 315 315 315 150 107.8
plunge 10 10 235 37 513 65 775 805 828 85 60 22.7
strike 10 45 45 45 85 135 135 170 170 170 115 45.8

Table 4.8: Orientation data of the karst mineralisations with percentiles.
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Figure 4.13: Greisen main commodities highlighting the Critical and Strategic Raw Materials.
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Figure 4.14: Porphyry main commodities highlighting the Critical and Strategic Raw Materials.
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Figure 4.15: Pegmatite main commodities highlighting the Critical and Strategic Raw Materials.
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Type Count Tipical age Tipical commodities Morphology Texture Host rock lithology
= : -
hydrotherm 308 permlgr(. e barite, lead, zinc (Emiifeimm), k_)reccn_’:ued, limestone, schist
al veins variscan(?) tabular disseminated
carboniferous, . lentiform, disseminated, . .
skarn 95 . copper, lead, zinc . limestone, schist
permian tabular massive
karst 51 camb.rlan, post barite, lead, zinc G, dlssemlnated, dolomite, limestone
variscan(?) tabular stratified
sedimentary . . iron, manganese, lentiform, disseminated, pyroclastic rock,
manganese| 36 miocene, permian . . .
. tungsten stratiform massive rhyolite
deposit
MVT 30 camb_rlan post lead, silver, zinc GV, dlssemlr_lated, dolomite, limestone
variscan(?) stratabound massive
. carboniferous, COpper, cluster, disseminated, . .
greisen 27 . molybdenum, granite, schist
permian tabular stockwork
tungsten
clav deposit| 22 sse fiiTasie bentonite, clay, lentiform, massive, conglomerate,
y dep J kaolinite stratiform stratified limestone
. carboniferous, . lentiform, disseminated, . .
pegmatite 16 carboniferous(?) feldspar,LREEmica tabular massive granite, tonalite
oroh 14 carboniferous, copper. lead. zinc cluster, disseminated, andesite. aranite
porphyry oligocene Pper, ’ tabular stockwork 9
liti - luminiumbauxi lentiform o . .
00 tic 11 upper ordovician aluminiu pau e, € t.o ' -, stratified phyllite, schist
ironstone iron, zinc stratiform
. . . copper, iron, lentiform, massive, . .
sedimentary 9 miocene, permian . . - limestone, schist
kaolinite stratiform stratified
mbrian . . I r massivi .
sedex 7 ca b. an, post lead, pyrite, zinc ¢ us_te ' assie, dolomite, sandstone
variscan(?) stratiform stratified
metamorphi carboniferous, . cluster, disseminated, .
6 o pyrite, talc . . marble, schist
c silurian lentiform massive
bauxite 5 cretaceous aluminiumbauxite, stratiform massive, limestone
LREEzinc stratified
paleoplacer 2 upper ordovician LREfﬁgﬁjghorus, stratiform stratified sandstone
low
sulphidation . . antimony, gold, lentiform, disseminated, pyroclastic rock,
. 2 miocene, tertiary g .
epithermal mercury tabular stratified volcanic rock
deposit
placer 2 -, quaternary tin, uranium stratiform disseminated clastic sediment
volcani . . . .
olcanic 1 pliocene perlite cluster massive rhyolite
deposit
r_nagm_atlc 1 pliocene feldspar LREE cluster disseminated phonolite
intrusion
aplite 1 permian feldspar tabular massive granite
high
sulphidation . . . brecciated, andesite,
- 1 miocene arsenic, gold, silver cluster ; : .
epithermal disseminated pyroclastic rock
deposit

Table 4.9: Summary of the most common features of every mineralisation type.
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Figure 5.1: Lithostratigraphic log of the Sulcis i Iglesiente region.
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Lithostratigraphy UOC - Siltstones, pelites and alternation of turbidites and sandstones. Up. Ordovician
I him - Mining and Industrial deposits. Holocene ~ MRI - Alternating siltones and sandstones. Up. Ordovician

a - Recent sediments. Holocene N AGU - Alternating conglomerates, sandstones and siltstones. Mid.-Up. Ordovician

PVM - Litoral sediments. Pleistocene CAB - Phillites with sandy levels. Up. Cambrian- Low. Ordovician

OMV - Andesitic, dacitic and basaltic volcanic and pyroclastic rocks. Oligocene-Miocene CPL.GNN - Limestones, dolostone§ and maxtly limestones. quer Cambrian.

PLG - Silty clays, quartz conglomerates and fossiliferous limestones. Eocene-Oligocene NEB - Quartz sandstones and laminated siltites. Low. Cambrian

MBU - Limestones and dolostones. Mesozoic PMN - Syn-Variscan orogeny sandstones and siltstones. Carboniferous
I b - Mafic dikes. Up. Carboniferous-Permian SVI - Alternating sandstones and siltstones. Cambrian.

fp - Granitic porphyry and microgranitic dikes. Up. CArboniferous-Permian Faults
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SGC - Sulcis-Arburese Granitoid complex. Permian Normal Fault
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Figure 5.2: Metallogenic sketch Map of the Sulcis-Iglesiente District AT = Arburese Thust. Re blue square indicate the
Rosas i Orbai district.
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Figure 5.3: a) Barison skarn slice (outlined in yellow) embedded between a mafic dike (below) and Ordovician siliciclastic
rocks; b) sample of the Barisonis skarn bearing chalcopyrite (clp - golden yellow) and galena (gl - metallic, dark grey); c)
Reflected light microscopy picture of Mitza Sermentus skarn displaying the chalcopyrite, galena and sphalerite (sph)
assemblage; d) Arsenopyrite vein at Mitza Sermentus site; ) Remnant of a N-S barite vein (milky white) at Punta
Filipeddu site; f) barite tabular crystals (milky and dark grey) covering a karst cavity wall at Punta Filipeddu.
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Table 5.1: Main exploration permits and mining concessions in the Rosas i Orbai area.
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Figure 5.4: Metallogenic sketch map of north-eastern Sardinia. The blue square indicates the Su Laccheddu i
Giacone mineral system (Figure 5.5).
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Figure 5.5: Metallogenic Map of the Su Laccheddu (id: 785) - Giacone (id: 37) mineral system. id: 38 is the fluorite
veins system of Punta Lanzinosa and id: 39 the Monte Mannu Mo-W greisen.
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Figure 5.6: a) Banded quartz, purple and white fluorite vein inside a Giacone gallery; b) breccia cemented by fluorite and
quartz inside a Giacone gallery; c) Su Laccheddu greisen outcrop, cut by a d) N30° trending trench; e,f) Su Laccheddu
greisen with molybdenite (mol - metallic grey) and scheelite (light grey/milky white, easily confusable with quartz).
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