Teorie vzniku lozisek , jejich
podstata a hlavni rysy

Loziskotvorne procesy — geneze
Minerogenetic processes and theories

Evans: kap. 3, 4
Rozloznik. kap. 2
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0d morfologie ke genezi

Pocatky poznavani charakteru procesu souvisi s morfologickou
klasifikaci, sbiranim dat o tvarech, texturach, vztahu mineralnich
agregatli k okoli aj. - deskriptivni modely, a pfechod ke genetickym
modelum

F. PoSepny W.Lindgren, klasifikace 1933
1836-1895 1860-1939




Vztah minerainich agreg{ltﬁ K

> epigeneticke tvary (diskordantni telesa)
2 syngeneticke tvary (konkordantni télesa)

?{éskované Fe-ruda (BIF)

doplnéno texturami a strukturami:

(skripta Ceskova 1977, Rozloznik et al. 1987)
masivni, vtrouseninova, paskovana, kokardovita,
drizovita, deformacni-brekciovita, ...

ReSenim téchto vztahi mizeme dedukovat mechanismus tvorby akumulaci minerala:

1. krystalizace z tavenin

2. srazeni z vodnych, resp. fluidnich roztoki

3. sedimentaci

4. zvétravanim

5. vypliovanim pora v horninach — kapaliny (ropa, voda), plyny }
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projevuje se zmeénami:

> barvy

- fextury

mineralniho slozeni
- chemickeho slozeni

O O 0O

Alterace je zpisobovana migraci fluid horninami:
1. hypogenni — ascendentni fluida - vystupujici
2. supergenni — descendentni roztoky - sestupujici
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barytové zily, Diinova, TiSnov

N
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alferacé hydrooxidﬁ Fe okdlo kalcit-

P-T-x




3KAISi;0,,(OH), + 2H* + 3H,0 --- KALSi,0,,(OH), + 2K*(aq) + 6SiO,

2KALSi;0,,(OH), + 2H* + 3H,0 --- 3AL,Si,04(OH), + 2K*




Alteration - clays alunite: KAI,(SO,),0H,

nize teplotni
systém,

m |Ch ani ﬂ u |d y Lowr sulfidation mteam-heated overpnnt High sulfidation

interakce s (neutral pH, reduced) H 5+ 20, —H&E0 4 (acidic, nxidized)

horninami amectite cristobalite - kaolinite amectite
- alunite

kaolinite + stne illite /

{Not to reale) Coy  Hy 850, H B HC

Wleteoric water

\ circulation '
Equilibration A2 4+ AH 0
Use of "Clay" mineralogy to withrock (e 450 +4H LD

distinguish origin of deposit as H O,CG , 50, HaB, HCL, metals
hydrothermal (s.s.), Kuroko or AT

epithermal
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2 pro dalSi poznavani vyvoje roztoku

> pro vyhledavani lozisek

= datovani napr. sericitu z alteraci — tim | datovani
procesu a proto | vlastniho loziska

Importance of alteration —
for exploration, dating of
process, ...
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hlavni loziskotvorné teorie

teorie charakter procesii priklad
magmaticka krystalizace — srazeni REE-mineraly
krystalizace z magmatické taveniny — v karbonatitech
rozptylena zrna nebo agregaty Li-mineraly, Zivce
vV pegmatitech
magmaticka separace frak¢ni krystalizaci chromity (Great Dyke,
segregace Bushveld)
likvace Cu-Ni
Ti tViFe (?)
hydrotermalni srazeni z hydrotermalnich metasomatéza (difuze,
fluidnich fazi, které mohou mit infiltrace — na kratké
razny zdroj: vzdalenosti — cement. zény,

magmaticky na vetsi vzdalenosti)

metamorfni ) exhalac¢ni sedimentace
NIV Zdroj vody
vadozni

sedimentarni
meteoricky
morsky ...
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Kiasifikace teorii 2

hlavni loziskotvorné teorie

teorie

charakter procesii

piiklad

lateralni sekrece

difuze mineralnich komponent
z okolnich hornin do otevienych
struktur

,alpské® Zily, Au-kfemenné
Zily

zvétravanim)

novotvorenych a nerozpustnych

metamorfni rekrystalizace i migrace fluid pyrometasomatoza
béhem kontaktni a regionalni (magnetitovy skarn)
metamorfozy mastek
mechanicka sedimentace klastickych a Stérkopisky
akumulace organickych Castic jily
ryzoviska Au a tézkych min.
uhli (s preménou
org.hmoty)
chemogenni srazeni slouCenin hlavné evapority
sedimentace v hydrosfére z relativné BIF
chladnych roztoku
rezidualni odnos-louhovani nestabilnich Ni-laterity
(koncentrace a komponent a relativni
pfemeny koncentrace stabilnich,
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KIaSI'Ikace tenr“ 3 hlavni loziskotvorné teorie

teorie charakter procest priklad

transformace org.hmoty  vznik uhlovodiku a akumulace ropy, zemniho
migrace do mista ulozeni  plynu
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Magmaticka krystalizace

ultrabazické a bazické horniny

alkalicke horniny

Fig.5.1 Chromite grains in

granitické p egmatity angrthosite, BUS|‘!VE|d Complex,
R.S.A. The chromites are euhedral
crystals which have undergone
partial reserptian, producing
rounded grains of various shapes,
including atoll texture.

REE-mineraly v karbonatitech, chromity v ultabazikach
(podiformni télesa v oceanskych bazaltech, ofiolitove
formace), ) ﬂ'f oy
= vtrou$eninové textury, pfip. aZ masivni NN Iy

vtrougeniny chromitu v i
dunitu B
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Magmaticka segregace

. . STILLWATER COMPLEX
ultrabazicke horniny G CHROMITE SEAM

(nizke obsahy S1 - nizka viskozita
- podminky segregace fazi)

segregace krystalovanych fazi
- vznik hornin (kumulaty)

. v - y v ., St : [ ] QLIVINE
krystalizace - vtouseninoveé aZ masivni Benbarii L CumuLaTE
. . , = R GABBRO
textury chromitu v pravidelnych 2 R PEGMATOID
polohach = CHROMITE :
=4 ISIE?EMENATED
likvace: segregace tavenin - nemisitelnost [ e St
. AT DISSEMINATED
CU.‘NI = mdy 35 20 as = Single analysis

Wt. % Cry0g in chromite  © Ave. 3-9 analyses

pozn.: segregace: oddélovani, rozdélovani, vylucovani
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UG1 footwall, thin ch-romite
= = seams within anorthosite,
Chromitvanortositil ;.- <.c. oot




UG1 footwaII chromlte seams in anorthosﬂe Impala Platinum Mines,
Western Bushveld
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Jagdlust, Ee;sterri

- LG chromites and pyroxenites,
¥ Bushveld
field and Underground Pﬁgfbg'r'aﬁﬁs SRS wﬁ%ﬁm

LZ = Lower Zone (ultramafic cumulates), LCZ = Lower Critical Zone (chromites hosted in ultramafics), UCZ = Upper Critical Zone (chromites hosted in norites and
anorthosites), MZ = Main Zone (mainly gabbronorites), UZ = Upper Zone (magnetite seams hosted in gabbronorites)

http://web.uct.ac.za/depts/geolsci/dIr/301s/bushveld%20field%20photos.html
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M i jakych zdroju je voda, jaka je geneze
vody v hydrotermalnich systéemech?

srazeni pevnych fazi z hydrotermalnich fluid, jejichz
dominantni slozkou je voda ruzné¢ho ptvodu

priciny srazeni:

zmeéna stability roztoku v disledku: michani, fedéni, pfinosu
redukované siry (sulfatu byva v roztocich dost, viz tabulka),
snizovani rozpustnosti varem fluid (sniZeni P), chladnutim, zménou
fugacity O,, S,, CO,, ..., redukcné-oxidacni bioprocesy

PbCl, + H,S - PbS + 2H* + 2CI

Fugacita

Hodnoty fugacit kysliku f,, siry fs,, kyslicniku uhli¢itého f,, charakterizuji rovnovazné reakce mezi nerostnymi asociacemi v hydrotermalnich
podminkach.

Analyticky zjisténé koncentrace latek v roztocich nebo parcialni tlaky plynt ve smésich se celou svou hodnotou neucastni chemickych reakci (ptisobeni
ruznych sil). Proto jde o zvlastni koncentraéni veli¢iny (fugacita = aktivita):

f; i

-» koeficient fugacity plynu

P; — parcialni tlak

Napt. problém stabilita/metastabilita: (aktivitni diagramy), napt. vznik covellinu CuS, tenoritu CuO, chalkozinu Cu,S zavisi na fugacitaich O a S.
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Coarse-grained granile
[+ +] Medium-grained granie

El Fine-prained granie
Schist / Quastzte

- ahear zoné with Sericie halos

+ Pegmatite/aplite with mostly feldspar halos

o Stockwork veining with feldspar.quaitz
f-"-" andi'or whibe meca q'LIHI'.E halos

Cross section of Ft. Knox granite-
hosted gold deposit, Fairbanks
District, Alaska, showing late-
stage shear zones containing high
grade gold mineralization ( 1.0
ounce per ton) (after Bakke,
1991).



Carbonate -
sericite -schist

carbonate-
‘ schist

Chlorite-
chlorite-

and

Lateraini sekrece

derivace latek z bezprostredniho okoli
struktur:

Si, Au, Pb nebo Zn z okolnich hornin v
hydrotermalnich zildch — ovéfeno
analyzami Zil a hornin, kontrola
hmotovou rovnovahou/bilance (mass
balance calculations) [Fautt vaive)

"
Mesothermal -'-ﬁ
lode-gold '-_*‘
deposit  § A\ %

Dilatant ~~ Average width

fractures s

Fig. 4.9 Chemical changes produced by alteration of
metabasites. Yellowknife gold deposits, Canada.
(Modified from Boyle 1959.)



loziskotvorné procesy

Metamﬂﬂni leﬂl‘ie spjate s metamorfozou

[zochemicka metamorfoza: vapence -ramory, jil -
bridlice, korund,

azbest, granat, grafit, magnezit, mastek,

sillimanit (Al,S10;), wollastonit (CaS10;)

Alochemicka metamorfédza: skarny apod.,

Vyznamné spoluptsobeni fluid, metamorfni hydrotermalni
fluida! — v pripadé¢ derivace fluid a dalSich komponent z
okolnich hornin pak uzce souvisi 1 s lateralni sekreci a ma
blizko k teorni akumulace srdzenim z hydrotermdlnich
roztokui.
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aluvialni, deltové a plazové rozsypy, akumulace
v jezernich a panevnich prostiedich

{a) Small scale

(a) Water - :
Sliding 2\ :. Stream flow ————— E;ﬁﬂ.‘.’.‘{;ﬁ%ﬁ‘?@ of

|

suspended particles
in urbulent zone)

a’) Entrainment sorting )| b} Shear sorting (cancentrated
() {high shear velocity \ ) \‘--j glrgl';'lullar avalanches down
I

and laminar flow)

(b) Intermediate scale

(b) Air /_f—\/——b
' S

uspension

Descending saltation [, M\q / /I' Eivsrgem
' . LA
Saltation EraoN e A L Lo
i iy oAl Ly 0

meters

Convergent
flow

Older
alluvium




http://darkwing.uoregon.edu/~millerm/slides.html

Mangrove Swamp in the §
Everglades, SW Florida ' [ éw‘ Floriie




[ Sea water density (in g cm™®) increases—»
K MAN\MMM_AM_)}_A_N\_AMA?AJ\J\_/\ _»

srazeni a sedimentace v
hydrosfére: evapority, Fe-
rudy (BIF)

Sequence of precipitation Mineral precipitate

Sea water g kg™

evapority Gao0s o1 Calcite (CaCO,)

T Gypsum/anhydrite
WA GRS CaSO, | 1.20 (CaS0,/CaS0,.2H,0)

NaCl | 26.90 Halite (NaCl)

NaBr 0.03
MgBr, | 0.09

MgSO, : Epsomite (MgS0O,.7H,0)

Kol Kainite (KMgCISO,.3H,0)
: Bitterns Sylvite (KCI)

MgCl, . Carnallite (KMgCl,.6H,0)

borates, . 200 Borates and
sulfates . celestite (SrSO,)

100

[
Density of sea water 1.0

Total

-3
gcm

Figure 5.25 (a) Schematic cross section showing the important features necessary for the formation of large marine
evaporite sequences. (b) Paragenetic sequence for an evaporite assemblage from typical sea water containing the
ingredients shown in the left hand column. The amount of sea water [per 1000 liter volume) that has to evaporate
in order to consecutively precipitate the observed sequence of mineral salts is shown by the curve adjacent to the
paragenetic sequence (diagrams modified after Guilbert and Park, 1986).




akumulace-koncentrace novych stabilnich
fazi vzniklych béhem zvétravani: Al-, Ni-

laterity, ... - kaolin, ...

Slice through a hematite-kaolinite-
rich duricrust (1) showing
vermiform voids (2). Lawlers Mine,
near Leinster, Western Australia.

kaolinizované horniny

oxidy, hydroxidy, hydrosilikaty, ...
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Spolupusoheni nekterych teorii -
I"'ﬂﬂﬂSﬁ

pokud se kombinuji procesy ‘
zvetravani s transportem snadnéji
rozpustnych sloucenin a jejich
srazenim z roztokt

. 1

Water table

napt. vznik:
- infiltra¢nich lozisek nebo
- supergennich zon obohaceni

(napf. cementacni Z(')na) V ptirod¢ mohou tyto procesy
vytvaret loZiskove akumulace
limonitu, anhydritu, ryzi Cu a;.



Supergenni mineraly (prikiady}

Primary or hypogene ore Zone of supergene enrichment ore

. Zone of oxidized enrichment minerals .
minerals minerals
Chalcopyrite (CuFeS,) Malachite (Cu,(CO3)(OH),)

Bornite (CusFeSy) Azurite (Cu3(C0O3),(OH),) Covellite (CuS)
Tetrahedrite (Cu;,SbyS3) Rosasite ((Cu,Zn),CO3(OH),) Chalcocite (Cu,S)
Tennantite (Cu;,As4S3) Cuprite (Cu,0) Native copper (Cu)
Enargite (Cus;AsS,) Olivenite (Cu,(AsO4)(OH))

Goethite (“FeO' OH)

Limonite (mineraloid of hydrated iron

Pyrite (FeS,)
Marcasite (FeS,)

Pyrrhotite (Fe,S) oxides)

Anglesite (PbSO,)

Cerussite (PbCO3)

Wulfenite (PbMo0O,)
Galena (PbS) Vanadinite (Pbs(VO,4);C1)
Mimetite (Pbs(AsO4);Cl)
Pyromorphite (Pbs(PO4);Cl)
Descloizite (PbZn,(VO,4)(OH))
Smithsonite (ZnCO3)
Aurichalcite ((Zn,Cu)s(CO3),(OH)g)
Adamite (Zn,(AsO4)(OH))
Descloizite (PbZn,(VO,4)(OH))

Sphalerite (ZnS)




natural hydrocarbons formation

Premena - transformace org. hmoty

vznik pfirodnich uhlovodiku

2 spolupusobeni hlavné anorganickych faktoru
(T, ..., mineraly-katalyzatory)

2 biotransformace (houby, ...)



