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ORIGIN OF ORE MINERAL DEPOSITES

F’ENE2H YNIOAEIMMATIKQN KOITAZMATQN
EnmipavelaKES KoL UTTEPYEVETLKEG OLEPYAOLEC —
OepeAlwdEeLC Slepyaoiec XNUKNAG anoocad®pwonc
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Aatepitng:
0 OXNUATIOHOC TTOU TPOEKUWE CUVOAIKA Ao Th
oladikaoia tng amocadpwong .

Aatepitng - later (Aativikn AEEN TOU onuaivel
«TTAlVO0C>»): amo ta adpyIAIKA TUNPATA TOU AATEPLTN
eE0pucoayv UALIKO Yl TNV KAtaoKeun OOUIKWY
OTOLXELWV.




Aatepitiwon N AATEPITIKN amocabpwaon

— AmooaBpwon METPWHATWY
— ONUIoUPYId EMIPAOIWOEWY VEOOXNHATI{OHEVWV
OPUKTWYV TOU KAAUTTEL TO aVeEEAAAOIWTO UNTPIKO
METPWHA

— gavouag AATEPITIKNG amooadpwong n pAolog

AdQTEPITIKNG amooadpwong.




ATTAN o€1pd AVTOXNG O0TNV ATMOCAOPwWOCN OPICHEVW
METPOYEVETIKWY OPUKTWV

Onpivne
TOPOEEVOC
KepOOTIAPY Bookd mhayiokA0GTO
potitc aApiTg
KOALOUYOL doTpLot

foayopiTe
yahoClog




AUO TUTTIIKEC TTEPIMTWOEIC EVUOATWONG:
Tou oA1Bivn Kal Tou aABitn

Mg,Si0, + 4CO, + 4H,0 = 2Mg*2 + 4HCO, '+ H,Si0,

2NaAlSi,0 + 2CO, + 11H,0 = AL,Si,05(0H), + 2Na* + 2HCO, ! +4H,SiO,




210NPOVIKEAIOUXOL AATEPITEC
Fe- Ni- laterites




OpuKTtoAoyid TOU HETAAAEUNATOC

Fopvigpitne: Kato ané avtdy 1oV 0po QEPETAL ORAON VIKEAMOVY MY TOIK

GEPTEVTIVY, YAOPITH, TAAKY Kot Tipehith (apyihikd opoKTo
Opa00g TOV HOVTHOPLALOVITY).

Taxofitne: Xvotacn NigAL(OH)16(CO3)4H,0, ypopo: koavorpacivo.

Nemovitne: Nikeliovyos Miapoitng.

Nupitng: Nukehiovyog yhopiTne.

Buhigpogitnc: Nikehov)yog taiknc.

Ilexopairnc: Nikeiiov)yog ypocotiinc.

Awarimne: Fe;03, [karritne: Fe, 03" XH,0, Yrollawpatikoc ypoupitnc/cmvélog

Acfolavne: Yopoleidwo tov Mn pe avinpévn meprektikétnta o Ni, Co, Mg\




OPOAOTIIA

Qoeldn: Zdatpkd N eAAeLPOELd) CWHATLO LE SLAUETPO KPOTEPN TWV 2 mMm.
AwaBEtouv nupnva NePLBAAAOUEVO OO KAVOVLKA SLOTETOYUEVEG GUYKEVTPLKEG
enupAoLwoELC.

Q06AL00¢: NETpwpa To omolo amoteAeital amo woeldn.

Muoosdn: Zdatptkd N eAAeLPOELO) CWHATLO HE SLANETPO HEYAAUTEPN TWV 2 mMm.
AwaB€touv upnva nepLBAAAOUEVO TG KOVOVLKA SLATETAYHEVEG GUYKEVTPLKES
enupAolwoeLc.

MooABo¢: NeTpwpa To omoio amoteAeitol oo nooeLdn.

Meloedn: 2daptkd | eAAewposldr) cwpATIa A0 AEMTOKOKKO UALKO, Ta OTol
SL0O£TOUV KAVOVIKN ECWTEPLKN Soun.

ZUYKpPLpa: 2dalplkd OwHATLA, Ta omtoia o€ avtiBeon pe ta woeldn xapaktnpilovral HEC
OKTWVWTNAG SOMAC, N omoia SnUovpyRONnKe ard avakpuoTtAAAwon YEANC.
ApmpalltoAlBoc: dalpikd 1 eAAewposldry cwpdtia, T Omola amoteAouvt
eneéepyaopueva Bpalopata WoABwvY Kal AmooTPoyYYUAEUEVO UALKO.



The source of Nickel

Partition coefficients (C;/C, for some trace elements in
mafic rocks




Ni- yrmrriTnsg

|

Mi=yKOLTITIS
Al=yruetitns

| Ni-Fe opnwriveg

i

MNi=Mg opnkTiTes
+

evlparikd Mg

Ni-aepraveiviig

Gel Si-Fe-Ni

Odafiivne

|
H LEpmEVTIVIS

Aiepyacieg eEaAAoiwong Tou oABivn
Kdl oxnuatiopog Fe-Ni opuktwy
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Aatepitiwon unepBaocikwy metpwpdtwy (Mepidotiteg) o
OUVONKEG TPOMKOU-UTTOTPOTIKOU KAINATOG
=> XXnUatiopog Fe-Ni opuKTwyv amo pagikd opuKta




210NPOVIKEAIOUXOl AATEPITEC

Ot Ni-Co Aatepitec elvol UTIEPYEVETIKA PETAAAEV AT,

O gpumAoutiopog Ni kat Co TIPOKUTITEL ATTO EKTETAMEVN XNMLKA Ko
Hnxavikn dStaBpwon vneppad KWV METPWUATWV.

To Aatepttiko podiA avarntUooeTal Ao TNV MPOoodeuTIKN StaBpwon
TWV UNTEPUAP LKWV UNTPLKWV TIETPWHATWY, TToU epdavilovtal o€
nplopata npocavénonc we aArikoU TUToU, KABwC Kol 0 LEYAAEC
eMWONOELC OPLOALOLKWY CUUTIAEYUATWY OAAQ KOIL OE KPOLITOVLKEC
TLEPLOXEC WG KOpaTLiteg (Brand kat aAlot, 1998; Berger kot dAAot, 2011).

Ol Aatepitec epdavidovral o yewypadika mAatn €we 20 polpwv
eKATEPWOEV TOU LonNUEPLVOU, HE AlYEC e€alpETELC.




210NPOVIKEAIOUXOl AATEPITEC
H d1aBpwon movu odnyet otn AdTEPLTiwon ELVOLL YEVIKA TILO EKTETOUEVN

KOTAL LIKOC TEKTOVLKWY OLOUVEXELWV KOl PNYHATWV.
H Aateprtiwon eéeAioostal pe

e Tnv avantuén pAowwv canpoAitn ¢ fApoc Tou UNTPLKOU
TMETPWHOTOC,

e otnVv apyltAiki e€aAAoiwon tou ocarmnpoAitn,

* OTN OUVEXELX OTNV 0&ELOWTIKA EEaAAOLWON TWV OPYIAALKWYV KOl TWV
EVUOpwv Mg- MUPLTIKWV OPUKTWV Kal Tn dnuiovpyia tng {wvng tTou
Aepovitn Ko

e oAoKANnpwveTal UE TNV atpotitikg e€aAAoiwon twv ofeldiwv ou
KaAUTttouv to npodiA pe ferricrete.

To Ni unopei va cuyKkevtpwOEeL o€ OTOLOSATTOTE QMO TA CTPWHATA,
ovaAoya HE TNV Evtaon Twv dtadikaclwv dtafpwonc, n onoia
eNNPeAleTOL QMO TO KALMA, TNV ANOCTPAYYLON KOl TO TEKTOVLKO
KAOEOTWC TWV KOLTOGUATWV.



SCHEMATIC LATERITE APPROXIMATE ANALYSIS
PROFILE COMMON %)
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210NPOVIKEAIOUXOl AATEPITEC

To Ni evooueital:

- €lTte O€ MUPITIKA opuKta (Ni-taAkng,
Ni-xAwpitng, Ni-opektitng, Ni-
OEPTEVTIVNG)

- €ITE OTOV YKAITITN KAl AIJATiTN.

| § | o6
ENEC
E3EES




210NPOVIKEAIOUXOl AATEPITEC

Upper —_ = —
Cretaceous = [ — [ — T 4
limestones | —— —_

Reworked [ *e®e®a’e®e’.’."d

Fe-Ni ore :.‘.'.'.'.'.'.'.
Goethite Silcrete
zone layers
Clayey
zone

AOOAOYIKN OTAAN  saprolite
(PAOLWV AQTEPITIKNG  Calcite
’ stockwork
armocadpwong
UTTEPBACIKWY XTEPEAC
EAAGOaC - EUBolag  sedrock
(Skarpelis, 2006)

ey Garnierite




Bwéitikol Aatepiteg
Laterite type Bauxite deposits




Bwéitikol Aatepiteg

Juviotavtal Kupiwc amo
YKIJTIGITN,
YKattitn,
awgartitn,
KAOALVITN Kal
xaAadia.

O YKIUTIGITNG ATTOTEAEL TO KUPIO OPUKTO TOU apylAiou.

O aipgatitng KUplapxei 6To AvwTaATo TUNHA TOU
KOITAOHATOG, EVW O YKAITITNG OTO KATWTEPO




Bwéitikol Aatepiteg
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Bwéitikol Aatepiteg

Sett'irla

Laterite-type bauxite occurs mainly in tropical countries and
particularly in regions of heavy rainfall. Most deposits are under only thin

(1-5 ft) soils on peneplained uplands. The typical colors are shades of red
and brown.




Bwéitikol Aatepiteg

Gibbsite is the most common, and boehmite is the second most abundant
bauxite mineral in laterite-type deposits. Mineral impurities are mainly
goethite, hematite, quartz, kaolinite, and titanium minerals (principally
clay-size anatase). The bauxite minerals occur in a wide variety of forms,
including pisolites, nodules, earthy and clayey material, blocky and tubular
structures, vein and vug fillings, blocky masses, and others. Some deposits
are soft massive material or layers of uncemented pisolites, but others are
lTithified and blasting is required in mining. Thicknesses of deposits mined
range from 7 or 8 feet to more than 60 feet.

|




Bwéitikol Aatepiteg

Genesis

Laterite-type bauxite deposits form by chemical weathering that removes
the more soluble components of the parent rock and adds OH groups and 0 to the
ones remaining. Silica, alkalies, and alkaline earths are the major
components leached and Al, Ti, and generally Fe are concentrated.

Bauxite at various placed in the world has formed on virtually every rock
type containing aluminum. Many large deposits have formed on basalt, and
others on several types of metamorphic, igneous, and sedimentary rocks. The
billions of tons of bauxite in the Weipa District, Australia formed on a
clayey sandstone containing as little as 4 percent A1203.




DESCRIPTIVE MODEL OF LATERITE TYPE BAUXIT

APPROXIMATE SYNONYM Aluminum ore (Patterson, 1967).

DESCRIPTION Weathered residual material in subsoil formed on any
containing aluminum.

GENERAL REFERENCE Patterson (1984).

GEOLOGICAL ENVIRONMENT

Rock Types Weathered rock formed on aluminous silicate rocks.
Textures Pisolitic, massive, nodular, earthy.

Age Range Mainly Cenozoic, one Cretaceus deposit known.

Depositional Environment Surficial weathering on well-drained plateaus in
with warm to hot and wet climates. Locally deposits in poorly drained a
in Fe due to its removal by organic completing.

Tectonic Setting(s) Typically occurs on plateaus in tectonically stabl

ssociated Deposit Types Overlain by thin “A” horizon soil, under:
arent rock in intermediate stages of weathering).




DESCRIPTIVE MODEL OF LATERITE TYPE BAUXIT

DEPOSIT DESCRIPTION

Mineralogy Mainly gibbsite and mixture of gibbsite and boehmite; ga
minerals hematite, goethite, anatase, locally quartz.

Texture/Structure Pisolitic, massive, earthy, nodular.
Alteration Aluminous rocks are altered by weathering to bauxite.

Ore Controls Thoroughly weathered rock, commonly erosional boundari
of old plateau remnants.
i\s

Weathering Intensive weathering required to form bauxite. Bauxite
continues to form in present weathering environment in most depos

Geochemical Signature: Al, Ga.

EXAMPLES
ustralia, Brazil, Guinea




IZHMATOIENH KOITAZMATA
ANO META®OPA AATEPITH

1) ZibnpovikeAlovxa W{NUATOYEVA
HETAAAELpOTOL

2) Kapotikot Bwéitec (karst bauxites)




210npoVIKeAIoUXa 1I{NUATOYEVN
HETAAAEUUaATa

Sedimentary Fe-Ni deposits




210npoVIKEAIOUXA I{NHATOYEVN HETAAAEUNAT

Evtonilovtot:

1) Eni twv unepfacikwyv i BACIKWY MTETPWUATWY 1] AKOMN
KOl ETTL TUNHATWV AQTEPLTLWUEVWV UTTEPPOAGLKWV.

Il) Metadeppéva Kat AyLOEUUEVO OE KOLPOTLKA EYKOLAQL
(TOmou kapotikoU vikeAiov - karstic nickel)




210nNPOVIKEAIOUXA I{NUATOYEVN HETAAAEUUAT

Ta owdnpovikeAtoUyo Llnpatoyevn HETAAAgU LATA TUTTO
KOPOTLKOU VIKEAIOU Bewpeitol OtL elvat WNUOTOYEVELC
oxnuatiopoi (Lnxavika wnpato) rmov £Xouv anotedel
O€E KOPOTLKA £YKOLAQ KOTA TN SLAPKELA ETMMKAUGEWV.

Qc UAKO Tpododoaciac Bswpeital To mPoiov NG \
SLaBpwong mpoinmoapxoviwv pAoLwv AATEPLTLKAG

oo AaOpwonc UNMEPBACIKWV METPWHATWY (TTAOUOLWV
oe Fe kot og Ni).



210npoVviKeAlouxa I{nUAatoyevn HETAAAEUUAT

ATAOTIOINPEVO OKITOO 0TO omoio maplotavetal n dtadikacia dnploupyiag Twv WNPATOYEVG
OLONPOVIKEALOUXWYV HETAAAEUPATWV.

1. Tpradiko- oupactkol acBeotoAlBoL, 2. YrnepBaoika metpwpatd, 3. NikeAloUxog
Aatepitng.
H duaBpwon tou Aatepitn apxilel oe xepoaio mepIBAAAOY, N HETAPOPA TOU UALK
OlaBpwong yivetal PnXxavika v HEPEL PE TN BonBela uddATivwy pEPATWY, EVW
vivetal og BaAdacolo mepBAAAOV Pikpou Babouc (ZkapméAnc 2013, www.orykt




210npoVviKeAlouxa I{nUAatoyevn HETAAAEUUAT

Armtotelovvtal amo

owdbnpouyxa odoalpoeldn cwpatidia,
Bpavopata silcrete kat compoAitn,
KAQLOTLKOUG KOKKOUC XAwpitn, vikeAloUXou XAwpitn,

yKautitn, alpatitn, xpwpitn, tApevitn, oéewdiwv tou Ti,
payvntitn, paykawpitn, paptitn, xolalia.

Ta owdnpouxa opatpoeldn cwpuatidla eivol Kupiwc meAoeLdN,
O€ ULKPO PaOuo mLooedn, evw ta woeldn onavilouv.

MoAU Sladedopeva eival ta ouvOeta opatpoeldn, mou
aroteAouvtal arnd nARN0o¢ meAoeldwv Kat ILOOELOWV.

|



210npoVIKEAIOUXA I{NHATOYEVN HETAAAEUNAT

TUmot peTaAAgUHATOC:

1) MooAlOkO petaAAevpa (KuplopxoUv ta MeAOELON, MLOOELON
KoL cUvOeTa odatpoeldn)

1) cupmayEg odbnpPouUXo HetaAAevpa (TTEPLEXEL AETTTOMEPN
TEMAXN odNPOUXWV OPUKTWV)

1) TnAtikG pet@AAgvpa (ortoteAeitol KUPLWE o opyLALKa
OPUKTQ).



210npoVIKEAIOUXa HeTAAAgupata otnv EAAaO

MponABav ano AatepLtiwon TwV UTTEPBACIKWYV IETPWHATWY Tou Meo

KaAUmttovtal ano acBectoAibouc A. Kpntidikou (Kevoudvio — Zevwvio
lnpota Mewokawvou

Meyala kévtpa ekpetaAAevonc: Kevtpikn EUBola, Bowwtia — Aokpida,
Kaotopla

Neprloxec kottaopatoAoykov evdiadEpovtoc: Kolavn, MpePfeva, Zk0pog, ES
MNapvnOa, MutiAnvn

2UVOALKA tavw amo 110 epdavicelg

Neplektikotnta: 0.4 — 1.2% Ni, 20 — 79% Fe

AnoBpata: > 500 Mt

EkpetaAAevopa: = 200 Mt, apeoca ekpetaAAevopa 30 Mt
OewpouVvTaL CTPATNYLKAC ONUOGLOC YLOL T XWPo

H Bropnxavia vikeAiov amnoteAel eOVIKAG onuaciog mMAoutonapayw



210npoVviKkeAlouxa petaAAgupata otnv EAAad

KATHIOPIEZ

* AvutoxOova: Kevtpikn EuBola, Nokpida (Tooukag, Aoutciov, Akpairdviou),
Kaotopla

* AAAOXOova: Nokpida (Aapupvog, MapUELKOU K.ot)
 WevboavutoxOova:Edscoa K.a.




210npoVviKkeAlouxa petaAAgupata otnv EAAad

XAPAKTHPI2TIKA AYTOXOONQN KOITAZMATQN

* YMOKELUEVO METPWHA TO LNTPLKO
* Mapovoia nuptttwuevwy wvwv otn Baon
e Zuunaync popdn petaAAevpatoc ( Ni-mupttikwv)

* MioooAlOIKA — CLYKPLUHATIKA odnpoUXoc popdn ot avwTEPO TUAMOTO TO
Aatepitn

 Metapatikéc paoelg AatepLtikoU UALKOU — KOAU LLOLTOC
AoBeoTtoAlOKO | AAAO KAAUV O




210NPOVIKEAIOUXA
I{NUATOYEVIN HETAAAEUNATA

Toun amo to MetaAA&io Tou
Ayiou lwavvn (AAgmavtakng,
1974)

(1) QoABikol acBeotoAlBol loupacikou

(2) Zupmayeg VIKEALOUXO
olONPOUETAAAEUpA e TTIOOAIBOUC, Ol
omolol au€avouyv TPog TNV opown Tou
KOLTAOHATOC

\Q\
SRS
\\ \ -.. 3) Kevopaviol acBeotoAlBol Kal papye
:&_\l\l\\ I\I\l\l\l\\ﬂ gs) evaiAayn. : " i

[




Kottaopa kapotikoU otdnpovikeAtovxou petaAAevpatoc (MayoUAa
Bowwtiag, TMMAE AAPKO).

To oldNpPoviIKEALOUXO HETAAAEL O ATIOTEONKE EVTOC KAPOTIKOU EYKOLAOU
TpLodLko-LoupaoIkwVv acBecToAlBwY TNC YITomeAayovIKNAC Kot KAAUTITETOL
ano aofeotoAiBouc AvwkpnTOLKACS NALKLOGC

(Owtoypadio/oxoia: kapmeAnc, www.orykta.gr)







Fe-Ni-AATEPITHE
(Fe-Ni-Laterite) |

N. ZKYPOZ







Kapotikol BwEiteg
Karst Bauxites




Kapotikol BwEiteg

OL KapoTtikol Bwéiteg Bewpeital OTL elval LINUATOYEVELC
oxnuotiopol (Kupiwg KAaoTKA WApoTa) mou £xouv amotebel
KOTA TN OLAPKELA ETILKAUCEWYV OE KAPOTLKA EYKOLAQL.

Q¢ UALKO Tpododoaiac Bewpeital To MPoiov TNE dtaBpwong
Aateptikwv pAolwv BacKwV METPWUATWY (TTAoUoLlwv o€ Al ka
o€ Fe).

\



KYPIA OPYKTOAOTIIKH ZYZTAZH METAAAEYMA
KAPZTIKOY BQXITH

v OpuKktd ApyiAiou
Kiumoitng Gibbsite Al(OH),
Baipitng Boehmite y-AlO(OH)
Alacmopo Diaspore a-AlO(OH)
v ApylAOTTUPLTIKA
KaoAwvitng Kaolinite Al,Si,0;(OH),
v OpuKkta 216npou
kaititng Goethite a-FeO(OH)
Aemookpokitng Lepidocrocite y-FeO(OH)
Apatitng Hematite Fe,0;




Kapotikol BwEiteg

armam

(ovta

4

N KapoTkoU BwéLtikov opl

/4

Turikn popd




DESCRIPTIVE MODEL OF KARST TYPE BAUXITE DE

APPROXIMATE SYNONYM Aluminum ore (Bardossy, 1982).
DESCRIPTION Weathered residual and transported materials.
GENERAL REFERENCE Bardossy (1982).

GEOLOGICAL ENVIRONMENT

Rock Types Residual and transported material on carbonate rocks.
Transported material may be felsic volcanic ash from a distant source or
any aluminous sediments washed into the basin of deposition.

Textures Pisolitic, nodular, massive, earthy.

Age Range Paleozoic to Cenozoic.

Depositional Environment Surficial weathering mainly in wet tropical area.

Tectonic Setting(s) Stable land areas allowing time for weathering and
protected from erosion.

ssociated Deposit Types Limestone, dolomite, and shale; some are associ
oal and are low in Fe due to organic completing and removal of Fe du




DESCRIPTIVE MODEL OF KARST TYPE BAUXITE DE

DEPOSIT DESCRIPTION

Mineralogy Mainly gibbsite in Quaternary deposits in tropical areas. Gibbs
boehmite mixed

in older Cenozoic deposits, boehmite in Mesozoic deposits and in Paleozoic
gangue

minerals hematite, goethite, anatase, kaolin minerals, minor quartz.
Texture/Structure Pisolitic, massive, nodular.

Alteration Formation of bauxite is itself a form of alteration of aluminous sedime

Ore Controls Deposits tend to be concentrated in depressions on karst surfaces.

Weathering Intense weathering required to form bauxite. Bauxite continues t
the present weathering environment in most deposits.

Geochemical Signature Al, Ga.

EXAMPLE European and Jamaican examples are reviewed in: Bardossy
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Approximatefs Qqaternm deposits . .
Thi cklless Pllﬂ(‘.en& C(}Il omerate zt n Zwv n n a pvaoco U -
1500 i Palaeogene: Turbidite (flysch) ’
m FKuwvac
1 Senonian - Palaeogene: Thin-bedded limestone :
70m 1 Turonian - Senonian: Bituminous limestone OQVATTTuooovtTal
100 m Coal
= b Upper Bauxite Horizon (b3) ’ ’ ’
i TPELC KUPLOoL BwéLTikol
N Tithonian - Cenomanian: “Intermediate” limestone ,
som | [T T 71— OPL{OVTEC, TIOU
T 1 :
1 -1 OVTLOTOLXOUV OE
1 Middle Bauxite Hori: b2 . .
300 m Upper Jurassic - Kimmeridgian: Limesione OQVTLOTO LXE q EN [_K}\U O€& Lq
1 Lower Bauxite Horizon (b1
200 m Middle and Lower Jurassic: Bituminous limestone
T Lower Jurassic: Limestone
500 m
600 m Upper Triassic: Crystalline dolomite
& Overthrust of Parnassus-Ghiona Unit
Jurassic: Transitional zone between

Pamassus and Pindos Units.
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H 10ToAOYIKN TTEPIYPAPT) TOU JETAAAEUPATOC DIEUKOAUVETAI av AABOUME UTT OWn Hag OTl
KABe dciyua gival aBpoiopa TpIwV KAACUATWY O€ dIAQPOPES AVAAOYIEC:

. O10NPOUXWV QAIPOEIOWYV CWUATIOIWV

. AETITOUEPWYV BPAUOUATWY OPUKTWYV CIOAROOU KAl

«  QPVIANIKWV OPUKTWV

‘ETO1 TTPOKUTITOUV TPEIG AKPAIOI TUTTOI HETAAAEUMATOG: . TTIOOAIBIKO HETAAAEUUQ OTOU
OTTOIOU TN oUOTAON KUPIapXoUV TTEAOEION, TTICOEION KAl oUVOETa oPaIpOEIdr, B. CUMTIAYEC
010NPOUXO0 UETAAAEUUQA, TO OTTOIO TTEPIEXEI AETITOUEPH TEPAXN O10NPOUXWYV OPUKTWYV KAl

Y. TNAITIKO JETAAAEUUQ,TO OTTOIO ATTOTEAEITAI KUPIWG ATTO apyIAIKA OPUKTA.

2.€ £VA KAl TO AUTO OEiyua METAAAEUUATOG UTTOPEI KAVEIC VA DIAKPIVEI OPUKTOAOYIKA -
IOTOAOYIKA GUOTATIKA TTOU GUVAVTWVTAI O€ DIOPOPETIKEG (WVEG AATEPITIWONG TT.X.

Bpavuopara gayvnritn - JapTitn atrd TNV apyIAIKR {wvn cuvuTidpxouv Pe BpavouaTta
OMNKTITIWUEVOU CEPTTEVTIVN ATTO TN {Wwvn CATTPOAITN KAl TTEAOEION ) TTICOEIdN ATTO TN
YKQITITIKA KAl TIIoOAIBIKY {wvn. Mepovwpéveg TTUPITIKES (silcrete) AaTUTTEG ) TTUPITIKA
AQTUTTOTTAYI] KOl OTTAVIWTEPA AQTUTTOKPOKAAOTTAYN OTTAVTOUV O€ TTANBOC KOITAOUATWY Kal
EMPAVIOEWV.
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LATERITE-TYPE BAUXITE--AL-GA

By
Sam H. Patterson

Setting

Laterite-type bauxite occurs mainly in tropical countries and _
particularly in regions of heavy rainfall. Most deposits are under only thin
(1-5 ft) soils on peneplained uplands. The typical colors are shades of red
and brown.

Deposits Characteristics

Gibbsite is the most common, and boehmite is the second most abundant
bauxite mineral in laterite-type deposits. Mineral impurities are mainly
goethite, hematite, quartz, kaolinite, and titanium minerals (principally
clay-size anatase). The bauxite minerals occur in a wide variety of forms,
including pisolites, nodules, earthy and clayey material, blocky and tubular
structures, vein and vug fillings, blocky masses, and others. Some deposits
are soft massive material or layers of uncemented pisolites, but others are
lithified and blasting is required in mining. Thicknesses of deposits mined
range from 7 or 8 feet to more than 60 feet.

Genesis

Laterite-type bauxite deposits form by chemical weathering that removes
the more soluble components of the parent rock and adds OH groups and 0 to the
ones remaining. Silica, alkalies, and alkaline earths are the major
~components leached and Al, Ti, and generally Fe are concentrated.

Bauxite at various placed in the world has formed on virtually every rock
type containing aluminum. Many large deposits have formed on basalt, and
others on several types of metamorphic, igneous, and sedimentary rocks. The
billions of tons of bauxite in the Weipa District, Australia formed on a
clayey sandstone containing as little as 4 percent A1203.




Economics

Individual deposits vary greatly in size. An isolated deposit or
district containing as much as 10 million tons would attract little interest,
unless in an unlikely discovery in an industrialized nation. Deposits
commonly contain a 100 million tons and districts may have several hundred
million tons or even as much as three billion.

Cost factors include mining, transportation, and Bayer processing to
recover Al,05. Bauxite containing only gibbsite (trihydrate ore) is by far
the cheapest to process and boehmitic (monohydrate ore) is the most costly,
because higher temperatures, pressures, and caustic (soda ash) concentrations
are required. Mixed bauxite (gibbsite + boehmite) is of intermediate cost to
process.

Grades (in A1,05 content) of bauxite mined range from 35 to 65 percent.

Silica contents are Critical, and rarely as much as 10 percent can be
tolerated.



The form of Si0, is also critical--quartz, particularly of sand size or
larger, does not react appreciably with the Bayer caustic. Whereas, clay-size
quartz and kaolinite do react and form complex silicates and greatly increase
Bayer costs. Phosphate which occurs in minor quantities in some bauxite also
causes problems. Organic matter (as much as 0.5 percent) also causes
problems.

The principal environmental factors are rehabilitation of mined lands,
- disposal of Bayer plant waste (red mud), escaping caustic and gaseous
emissions from aluminum smelters (F1 and maybe Hg).

About 80 percent of the world gallium production (15-20 tons per year) is
a by-product of Bayer processing of bauxite. The geochemical behavior of Ga
is similar to that of Al. Presumably Ga occurs in substitution for Al in
bauxite minerals. The average Ga content of bauxite is about 50 ppm. Ga is
likely to be in great demand (thousands of tons per year) in the future when
man moves into space. '




Prospecting lechniques

Geo]og1c -- Look for old upland plateaus and red and brown subsoils.
Pisolites and light-colored small concretions, vug fills, tubul
structures, and vein fillings can be helpful. However, some of
the lTarge deposits lacked eye-catching characteristics and were |
recognized only by 5011 analysis. Stunted vegetation may also be

lar

a guide.
Get analysis! -- The weight lost with heat can be used in the field.
Geophysical -- None reported really successful.
Geochemical -- No help--Al or mineral contents of representative samples have

to be determined.



DESCRIPTIVE MODEL OF LATERITE TYPE BAUXITE DEPOSITS
By Sam H. Patterson

APPROXIMATE SYNONYM Aluminum ore (Patterson, 1967).
DESCRIPTION Weathered residual material in subsoil formed on any rock containing aluminum.
GENERAL REFERENCE Patterson (1984).
GEOLOGICAL ENVIRONMENT
Rock Types Weathered rock formed on aluminous silicate rocks.
Textures Pisolitic, massive, nodular, earthy.
Age Range Mainly Cenozoic, one Cretaceus deposit known.
Depositional Environment Surficial weathering on well-drained plateaus in region with warm to hot
and wet climates. Locally deposits in poorly drained areas low in Fe due to its removal by organic
completing.
Tectonic Setting(s) Typically occurs on plateaus in tectonically stable areas.
Associated Deposit Types Overlain by thin “A” horizon soil, underlain by saprolite (parent rock in intermedi
weathering)..
DEPOSIT DESCRIPTION
Mineralogy Mainly gibbsite and mixture of gibbsite and boehmite; gangue minerals hematite, goethite, anatas
quartz.
Texture/Structure Pisolitic, massive, earthy, nodular.
Alteration Aluminous rocks are altered by weathering to bauxite.
Ore Controls Thoroughly weathered rock, commonly erosional boundaries of old plateau remnants.
Weathering Intensive weathering required to form bauxite. Bauxite continues to form in present w
in most deposits.
Geochemical Signature: Al, Ga.
EXAMPLES
Australia, Brazil, Guinea




DESCRIPTIVE MODEL OF KARST TYPE BAUXITE DEPOSITS
By Sam H. Patterson

APPROXIMATE SYNONYM Aluminum ore (Bardossy, 1982).
DESCRIPTION Weathered residual and transported materials.
GENERAL REFERENCE Bardossy (1982).
GEOLOGICAL ENVIRONMENT
Rock Types Residual and transported material on carbonate rocks. Transported material may be fels
volcanic ash from a distant source or any aluminous sediments washed into the basin of deposition.
Textures Pisolitic, nodular, massive, earthy.
Age Range Paleozoic to Cenozoic.
Depositional Environment Surficial weathering mainly in wet tropical area.
Tectonic Setting(s) Stable land areas allowing time for weathering and protected from erosion.
Associated Deposit Types Limestone, dolomite, and shale; some are associated with minor coal and
are low in Fe due to organic completing and removal of Fe during formation.
DEPOSIT DESCRIPTION
Mineralogy Mainly gibbsite in Quaternary deposits in tropical areas. Gibbsite and boehmite mixed
in older Cenozoic deposits, boehmite in Mesozoic deposits and in Paleozoic deposits; gangue
minerals hematite, goethite, anatase, kaolin minerals, minor quartz.
Texture/Structure Pisolitic, massive, nodular.
Alteration Formation of bauxite is itself a form of alteration of aluminous sediments.
Ore Controls Deposits tend to be concentrated in depressions on karst surfaces.
Weathering Intense weathering required to form bauxite. Bauxite continues to form in
the present weathering environment in most deposits.
Geochemical Signature Al, Ga.
EXAMPLE European and Jamaican examples are reviewed in Bardossy (1982).
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