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Fig. 1. The diagram illustrate some of the processes of convective seawater circulation and

the respective mineral zones in the formation of hydrothermal mounds on the ocean floor


http://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwivvPbykvfQAhUJaxQKHW5PDx8QjRwIBw&url=http%3A%2F%2Fwww.le.ac.uk%2Fgl%2Fart%2Fgl209%2Flecture2%2Flecture2.html&bvm=bv.141536425,d.ZWM&psig=AFQjCNFMRuH4G-AFV-FKUvVf5ppwlC7o0g&ust=1481923185147180

Depth in Crust (km)

N s E.

Epithermal Mesothermal )
o w

|

Hot Spring |
: I : Adularia-

|

Hydrothermal Gold Deposits

—1 Micron

Type Sericite

Metasediments —
\ L/ Y 7 (Turbidites) —

/
v /\\/ \/ ! —~ \
{\ J/ Turbidite” L \ \‘\

4
J \\\\rj\\‘/ Hosted ~ \ /\\ N
) ' \_
= X x W R N TN Intrusmn \
Related \

— — Y  Meteoric Water
X X X X

X . X x X X X X X
@ Magmatic Water x x % x % x

*| _—> Metamorphic or Mantle Water R R
i ) * ., Greenstone
i - Gold Deposits and Related Alteration x> x Hosted
DX g X

> SR SER GO S e IR B> > <kt S SR, CRAE ST SR SOREL UMb SIS SRR SRS Sy SRR D SRS R Ol L S o




Introduction

#  What are the geological controls?

- mineral deposit types

# empirical geoenvironmental models of various

mineral deposit types
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Fig. 2.2. The dispersion process.




Principle

The geologic characteristics of mineral deposits exert important and predictable controls on the
natural environmental signatures of mineralized areas prior to mining, and on the
environmental signatures that could result from mining and mineral processing if appropriate

preventive and mitigative practices were not followed.

A good understanding of the environmental geology of mineral deposits is therefore crucial to
the development of effective mining-environmental prediction, mitigation, and remediation

practices.



Opiouot

PMetarieopa (Ore): Ovoudlovpe LETAAAEL LA, TOV E1O1KO TOTTO TETPOLOTOC TOV GTN
oVVOEGT TOV VILAPYOVY WPEALLLN, OPVKTA, GE AVOAOYI TETOLN OGTE VO, UTOPEL VO
OTTOKTNGEL BLOUYOVIKT) CTULAGT0 KOl VO EKPETAAAEVOEL.

PEn@avien (mineral occurrence): M1 01KOVOUTKG GOUQEPOVCO GUYKEVTPMOT)
LETOAAK®V OPUKTAOV, BLOUnyovik®v 0puKTOV 1 BLOUNYOVIKOV TETPOUATOV.

»Koitaopa (ore deposit): O1KOVOLIKA GUUPEPOVGU GVYKEVTPWOGT LETUAAKDV OPVKTOV,
Brounyovik®v opuKTOV 1 PLOUNYOVIKOV TETPOUATOV, 1] YEGUETPIKOS YOPOC TOV
KOTOAOUPAEVEL L0 OTKOVO UK GLUPEPOVGO. LETOALOPOPIQL.



Opiouot

»IOmog kortdopotos: Oudda KOITac UATOV IOV EXOVV TAPOLOLN YEDAOYIKA,
YOPOUKTNPLOTIKA, YEOAOYIKA TEPIPAALOVTA EUPAVIOTC Kl YEDAOYIKEC O1EPYACTIES

oynuatiopov (Gilbert and Park, 1986; Cox and Singer 1986; Bliss 1992).



1. Metallic Mineral Deposits

# Magmatic deposits (e.g Ni-sulfides)
# Magmatic hydrothermal deposits

- porphyric

- skarn

- polymetalic replacement deposits
# Hydrothermal deposits

- VMS

- Epithermal

- polymetalic vein

- Carlin-type sediment hosted Au



1. Metallic Mineral Deposits

# Supergene
# Residual deposits
# Placer deposits



Environmental geology characteristics of mineral

deposits

TABLE 3.1—Geologic characieristics of mineral deposits that affect their emvironmental signatmes.

Charactenistic Controls Pernarks

Iron sulfide combent Chemical Cridation generates acid; also supplies femic mon, which is an
SEFTecsive ooodant.

Coatent of other sulfidas Chemical Mimmy (bt not all) mey generate acid during oxidstion

Content of carbonates, abominosilicates Chemical Msmy of these minerals can consume acid; non and meansmmecs

and other nonsulfide minersls carbonstes may menerate scid mmder some conditons.

Dfimeral resistamce to westherine Phrysical Fumction of the mineral {different minerals weather af different rates)
and the tesgure and trace-element comtent of the mineral.

SecondsTy mineralogy Chemical and physical Sohible secondary nuinersls can store acid and metals o be released

when the minerals dizzolve. Insoluble secondary minerals can
armmor reaciive minerals, therelry esimcting access of weathenng

aEants.
Extent of pre-nrininge or pre-erosion Chemical Pre-mrining axidation preatly redoces potential for sulfids deposits
i pidation fi Fegparate gcid
Hist rock lithology Chemical and physical MAmy consmne of generate acid. Physical characteristcs (ponosity,
permesbility) confrol access of weathering agents.
Wallrock alteration Chennical and physical Ay increase or decrease the host rock’s ability to consume acid.

May increaze or decreacse host rock’s ability to mansmit sround
waters, hay also increscs of decreste resistance fo eTosion.

Mdajor-, race-elements in deposit and Chernical Elemenial composition of deposit and host rocks are rypically
hiost rocks raflected in environmental sigmsures.

Phyzical natore of ore hody (vein, Phrysical Conmols access of westherins azents.
disseminated massive)

Porosity, hydraulic conductivity of host rocks  Phoysical Conmol sccess of westharing agents,

Presence and openness of flis, joints Plnysical Coomol aocess of weathennge agents,

Deposit grade, size Phyysical and chemical Cooirols magnimde of natmral, mining impacts on sumomdings.

Reference: Reviews in economic geology, Volume 6, Part A (1999)



1. Primary mineralogy

TABLE 3} Fxamples of sulfide cxidstion reactions and other mineral dissobation resctions that may generate acid. The reactions depicted are ideal-
ized, and likely do not represent the appropriate reaction products for the entre range of ambient chemical conditions in namre. However, they illustrate
the range of acid amounts that can be zenerated (moles acid =0} or consmpmed (males acid <10) depending on the muneral, the exdant {ooyzen versus fer-

ric iron) and the reaction products (oxidstion state, chemical species, and minerals) produced.

Minersl Formmls Arid penerafion/'consImRaon Tesctien Mfioles acid
Pryrite Fes, FeS, +350,+H0=Fe* +250,"+ 1 H" 2
FeS, +3750,+05 H,0=F" + H' +2 50, 1
FeS, +3750,+35H,0=250,"+ 4 H* + Fe{OH), . -
FeS, + 14 Fe* + 8H,0=15Fe™ + 2 50, + 16 H* 15
Pyrrhotite Fe, S x =10.1: F, ;5 + 195 0, + 0.1 H,0 = 0.8 Fe’* + 50," + 0.2 H 02
x=0.1: Fe, ;5 +2.175 0, + 0.7 H* =09 Fe** + 50, + 035 H, 0.7
x=0.1:Fe S+21750,+ 235 H,0= 50, + 21 H"+ 0.9 Fe(OH), 2
x=01:Fa, S+78Fe" +4H0=8TFe* +50,"+ 8 H 8
Sphalerite, Zn5, Cus, Phs MS +2 0, =M +50,” (M=2Zn, Cu Pb) 0
Covellite, MS+8Fe + 4 LO=M" + 8 Fe’" + 50," + 8 1" 8
Galena Pb3 PbS + 2 0, =Fb50, (anglesite) 0
PbS + 0.5 0y + 2 H* = P?* + H,0 + 5° (native sulfir) -2
Chalcopyrite CoFeS, CuFeS, +4 0, =Cn’" +Fe®* + 250" 0
CuFeS, + 16 Fe** + 8 H,0 =Cw** + 17 Fe?* + 2 50,” + 16 H* 14
Enargite Cu,AsS, Cu,AsS, +8750,+25H,0=3 Cu’ + HAsO," + 4 50," + 4 H" -
Cu,AsS, +35 F& + 20 H;0 =3 Cu?* +35 Fe?* + HAsQ,” + 450, + 38 H' 38
Arsemopyrite FeAsS FeAsS +3250,+ LS H,0=Fe*" + HAs0," +50," + 2 2
FeAsS +3.50,+H,0=Fe" +HAs0,” +50," +H 1
FedsS + 13 Fe™* + 8 H,0 = 14 Fe?* + HAsO," + 50," + 15 H* 15
FeAsS +3.50, + 3 H,0= 50, +2 H* + FaAs0,-7H 0 (scorodite) 2
HNative sulfur g® 5 +H,0+150,=2H"+50," 2
Fealgar AsS AsS+2750,+ 25 HO0=HAsD"+ 50, + 4 H" -
AsS+11 Fe + 8 H,0=11 Fa™ + HAsO," + 50," + 15 H' 15
Siderite FeCO, FeCO, + H*=Fe?* + HCOy -1
FeCO, +2H™ + 0250, =F&'* + 0.5 H,0 + HCO, -2
FeCO, +0.25 O, + 2.5 H,O=Fe(OH), + H + HCO,- . 1
<
Alunite KAL(S0,).(OH), EAL(50,),(0H), + 6 H' =K'+ 3AP* +2 50+ 6 H,0 goethlte -8
EAL(50,),(0H), + 3,0 =K+ 3AK0H), +250," +3H | | 3

I. Oéetdomon tv
GOVAPLOL®V
= TopAyEL0ELTNTO,

IL Zynuoticpnog
EVDOPWOV 0EELDIMV
mopayeL oELTNTO,



Common acid generating minerals

TABLE 3 3—Common sulfides known or inferred to generate acid when
coridized . Sulfides listed as inferred fo Zenerate acid are postalated on the
basis of idealized chemical resctions such as those listed in Table 3.2

Mineral Formmla
Conmon) sulfides known (iryierred) to generate acid with oxygen jas the
ceddant:
Pyrite, marcasite FaS,
Pymrhotite Fe, 5
Bomite Cu Fal,
Arsenomrite Fafch
Enargite; famatinite Cu,As5,/Cua,5b5,
Tennantite setrahedrii (CoFeZn) AsS5 .
(CuFeZn) .5b,5
Realgar Ash
Orpimart As,5.
Stibmita b
Common| sulfides that may generste acid with ferric iron/as the cxdans:
All of the above, plus:
Sphalerite Zn5
Cralens Pos
Chalcopyrite CuFe5,
Covellite Cus
Cinnabar Hz5
Millenite Ni5
Pantlandrte (Fe Ni),5,
Cresnockite Cds
Common minerals that may generate acid [if hydrous oxides are formed)
Sidesite FaC(h,
Fhodochrosite MnCO.
Ahmite EAL(S0,),(0H),




Factors affecting resistance of sulfides to oxidation

TABLE 3 4—Factors affacines resistance of sulfide minerals to oxidation

hmeralosy (orain Texnure Trace Fesistance
iBrock, 197%; zize elem=nt 10
JTambor, 1904 Combat orddation
Pyrrhotite Fine Framboidal Hizh Loy
Chaloociie Colloform

iralens

wphalerite Botryaidal

ArsenopyTite!

Pyrite, Medium Madinem
Enarzite Mimzcive

Mharcasite

Bomnite”

ChalcopyTite

Argendte’

Cinnabar

Molyibdenite Coarse Eubedral Lowy High

'Based oo the observations of Tambor (1994).
Based ca the awthor's obsanyations



Acid consuming minerals

Mineral Group

Typical minerals

Peadily dissolving
Lezs readily dissohving

Fast weathenns
Interrmediste-weatherine

Slow weathering

Yery slow weathenng
et

CeTussite, calcibe, sragomdie. SiroRR@UTS

riodochrocite, siderite, dolomite, ankertie,
magnestic, brucite, Muortie (7)

anorthite, nepheline. olivine, jadeita,
leucite, spodimens vadcmnic ghass

epudote, zolsite, enstatite. nvpersthens.
angite, hedenberzite. homblands, zlauco-
phame, fremolite. actinolits. anthophyilite
carpentine. chrysotile, talc, chlorte,
biotte, diopside (7 ), wollasionite (7,
garnet (7 ), rhodonite (7 ), hematiie (7)

albite, oligoclase labradonite, vermmiculita,
s Emetiis

potassium feldspar, nmscovite




Acid consuming minerals

Alkahme earth carbonates such as caleite (CaC0);), dolomute
[(Ca, MghC0,),], and magnesite (MgC0,) typrcally react with

acid according to reachons such as:

MCO, .+ H =M + HCO; [1]



Acid consuming minerals

& '. “ \)

Fd-rlch growﬁlfon_gs y ‘.&;,, :‘
pe

FIGURE 3. 2—FExamples of scid-consmming mineral sssemblapes. (a) Banded rhodochrosite, Creede, Colorado. Varistions in color in part reflect va
gtions in the Fe cootent of the rhodochrosite The Fe preferensially cendizes on the cut surface of the sample to form Fe-hydromides. Some of o
rhodochrosite growth zones were subsequently leached by hydrothenmal fhods, which produced the many dark pores in the sample. The dark open spa
siretchine horizontally across the middle of the sample s a frachre with sides coated by later thodochrosite that &id not completaly fll the frachare.



Acid consuming minerals
b

b.

Sphalerite-zalena-pyrite-calcite-silica ore (labeled replacement ore) replacing limestone from the pohnetsllic replacement deposits at Leadal
Colorado. Femnant limestone fragment labeled 1s. Due to the hizh pyTite and sphalenite content, this assemblage would most likely generste nesr-neuts

pH drainagze waters with elevated levels of zinc. Photograph by & Landis,



2. Secondary mineralogy

- in the oxidized zone of weathering deposits
- below the water table of weathering sulfide deposits
-soluble secondary salts

- secondary ferricrete deposits
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Fig. 3-1. Sketch of a gossan and zones of alteration after weathering of a copper
gulfide vein. (Not shown is the thin layer of soil which is usually found over gossans ex-
cept where they have been exposed by soil movement on slopes, glaciation, or other

mechanisms.)



Mechanism of Supergene - hypogene enrichments

------- N o7 1 ulfide ore
. T==<lrregulor boondory-...eﬂ"_ctef:u ‘ |
Chalcopyrite ' Il T
H’pogen. P,;i[. Prolore
i Quortz
. Flgure 20-1

Diagrammatic sketch of a deposit conuaining chalcopyrite, pyrite, and
quartz, showing the effects of weathering.



2. Secondary mineralogy

Table 1

Solubility products (K, ) of selected Pb compounds.
Name Reaction log Ksp

- [ Anglesite PbSO4 = PbZ* +5047- 7797 |

Galena PbS =Pb** +5%- ~27.51°
Litharge PbO =Pb** +H,0— 2H* 12.892

| Cerrusite PbCO; = Pb* + CO3-— —13.1P |
Lead hydrogen phosphate PbHPO4 =Pb“* + HPO4*~ —11.45°
Lead phosphate Pb3(P0Q4); = 3Pb?* + 2P04*- — 44362
Hydroxypyromorphite Pbs(PQ4)30H=5Pb** +3P04> +OH- —76.792
Chloropyromorphite Pbs(P0O,);Cl=5Pb?* +3P0,3- +Cl- —83.702
Fluoropyromorphite Pbs(PQ4)3F=5Pb?* +3P04> +F- —71.632
Bromopyromorphite Pbs(P04)3Br=5Pb?* +3P0s> +Br _78.143
Corkite PbFe;(P0,4)(S04)(0H)g = Pb?* + 3Fe** +P04?~ + 5042 + 60H —112.6°
Hinsdalite PbAl;(PO.) (S04 ) OH)g = Pb2* + 3A1%* + PO4s*— +S042- +60H- —99.1¢
Plumbogummite PbAl:(PO4)2(0OH)s-H20=Pb?* + 3AI* +2P04> +50H —99.3¢

Obtained from: *Lindsay [2], PStumm and Morgan [3], “Nriagu [4].



Secondary mineralogy

1. Processes leading to precipitation of secondary minerals (Alpers et al. 1994):
- evaporation

- oxidation

- reduction

- dilution

- mixing

- neutralization

2. Common secondary minerals (Seal and Foley 2002):
- efflorescent sulfate salts

- metal oxides, hydroxides

- hydrosulfates

- sulfides



Main processes

Dissolution and precipitation of secondary minerals is an important mechanism

for recycling metals and acidity (H+) in surficial environments.



Table 4. Secondary nunerals.
[*. highly soluble: !. relatively insoluble (mineral solubility depends on particle size and degree of
crystallinity: mineral formulas from Mandarinoe.1999]

Sulfate minerals Carbonate minerals
alunogen* Al(S0O4)5.17H,O aurichalcite (Zn.Cu)s(CO3),(OH)s
alunite K,Al(SO4)4(OH);, azurite Cus(CO;5),(OH),
anglesite! PbSO, cerussite PbCO;
antlerite! Cus3SO4(OH), hydrozincite Zns(CO3),(OH)g
argenojarosite!  Ag,Fe’ §(SO,)4(OH);, malachite! Cu,CO53(0H);
barite! BaS0Oy smithsonite ZnCO;
basaluminite Al4(SO4)(OH),,.5H,0 Iron oxvhvdroxide (ochre) minerals
bassanite* 2CaS04.H-O akageneite B-Fe’ (0.0H.CI)
beaverite! Pb(Cu”" Fe'" Al)(SO4)s(OH);» bernalite Fe' (OH);.nH20 (n=0 to 0.25)
beudantite PbFe’ 5(As0,)(SO4)(OH)g terrihydrite 5Fe’,0;.9H,0
bianchite* (Zn.Fe’S0,.6H,0 goethite Fe'"O(OH)
bilinite Fe''Fe' S0,4)4.22H50 hematite Fe' 505
brochantite! Cuy(SO4)(OH)s lepidocrocite Fe'"O(OH)
chalcanthite® CuS0,45H-,0 maghemite Fe,0,
copiapite* FeZ Fe* S0O4)s(0OH),.20H,0 Other nunerals
coquimbite*® Fe™y S0,)3.9H,0 bindheimite Pb,Sb,04(0.0H)
dietrichite® (ZII.FEE_.MH)AJQ (8S04)4.22H,0 chalcophanite (Zn.l—"eh.1-1112+)M114+30¢ 3H-,0
epsomite® MgS047H,0 chlorargyrite group Ag(CLBr)
terricopiapite® Fe¥y3Fe’™y( S0O4)s(OH),.2H,O chrysocolla (Cu}.ﬁ—‘il) »H,S81,05(0H) +.nH,O
terrohexahydrite* FeS0,.6H,0 cinnabar HgS
fibroferrite! Fe3+(S 04)(OH).5H,0 coronadite Pb(h‘hf‘_.Mny)gO 16
goslarite® ZnS047H,O ferrimolybdite Fe'5,(Mo% 0,4):.8H,0(?)
gunningite* ZnS0,.H-,0 ilsemannite Mo;0¢.0nH,0(?)
gypsum CaS04.2H,0 litharge PbO

hexahydrite® MgS0,4.6H,0 luzonite Cu3AsS,



Sulfate salts

*Many of the sulfate minerals are highly soluble, and readily dissolve during

rainstorms.

Examples:

Pure melanterite - FeSO 4.7(H20)

-> solubility of 15.65 grams/cc in cold water,

Gypsum — CaSO4

-> has a solubility of 0.241 grams/cc,

Ferric iron sulfate mineral coquimbite

-> is extremely soluble, at 440 grams/cc cold water (Weast, 1986).

Many of the minerals in table 4 are solid solutions.



3. Host rock lithology

TABIFE 3 §6—Fovironmental eclogy charactenstics of rock types that commonly host mineral deposits. Acid boffering potential (W B is a combination
of the acid-nemralizing capacity of the rock-forming nunerals, coupled with their reacdvity (modified from Glass et al | 1982). Aod-generating pofen-
tial (A B is a combinaton of the sulfide content and reactivities. Focks with high MNP and A P may generate near-neural, metal-rich waters. Trace ale-
ments from Thomben (1905, Guilbert and Park (1988), and other sowmces. Physical characenistics from Freeze and Cherry (1979), Domemicey and

Schwartz {19940,
Rock nype And-peuralizing Trace elements Pirysical charactenistics conmolling
generating podential [gecavailsble) ground-water fow
Limestons High K P {=F. Mn Zn) Pb Farst frachires, joinis
Dolomite Miod-hizh M. {(=F Mn Zm). Pb Flarst frachures. joints
Calcarepus sandsione Mod NP Mnderate Interprammlar, if little cement; otherwise facmres,
joims
Black shales Low-mod M E; (U, 5e, 5, M1, Te Co, Cremetally low permeability
low-mod AP Mo, Zn Cuo)!, P
Fiadbed shales Mod K P (U, %W, M, Co, Cu, Se, Generally low permeability
Te. Mo)*
Arkoss Low H.B )’ Mnderate-hizh infersramular
Chert Low M.B Frachmres
Chiarizose sandstone Low H.E Low-mderate imfergranmlar, if litfle coment; otherwize
fractures. joints
Iemeons mfrusive
Carbonatite Hizh N E; {Cuo, Zn, Pb, 5)!, BEE, Frachmres, joints
mod AP in sulfide- Wb, Ta, Zr, HE U, Th B,
rich rocks EBa
Tirarnafic (dunite, norite, sic.) WMod-high BLP; Cr, (Co, K, &) Frachmres, joints
mod AP
(Granite Low H.E Ba Li W Mp Sn Zr, 1,  Frachmes, joings
Hf Th Ti. E
Volcamic
Eomatiite Mod-high M. (M, Cio, T, 5)° Frachmres, joints
some AR
Bazalt Low-mod H.EB Cu Zn Frachmes, joinis, imferconnected vesicles, flow tops and
botioms
Andesites Low-mod H.B Cu Zn Fractmres. joints. brecciated flow tops
Poorhy welded, volcanic tuffs  Mod-hish BM.P. {As. Ii Zn Cu BY Lo fraciore pemmeability
Highly welded volcanic off  Low-mod KB Az Li Zn Co Pb Frachures, cooling joints
Ehyolite fows Low-mod KB Az Li Zn Co Pb Frachures, cooling joints
hic
Dfarile Hizh N.E Frachmes. joings
Cmeiss Low H.E Ba Li W Mp Sn Fr, U, Frachmes, joings, folistion renmeant beddine
Hf Th Ti
Chaamizie Svary low M.B. Frachmes. joings
Sulfidic schists Low M.E, Az Fn Co MWi Cu, Fractures, joints, folistion, schistosity, renmant bedding

hiob A D

TT K~ T



4. Wall rock alteration

TABLE 3.7—The environmensal characteristics of varouns wallrock alteration fypes common to bydrothermal mineral deposits. See discussion n
Cuilbert and Park (1086) for discussion of alteration origins.

Alteration type Alterafion products Chemical efects Plrysical effects
Arid-sulfate Vugzy silica (+pymite), quartz-alundte, Greatly decresses acid-tafering Viggy silica zones highly permeable.
(advanced argillic) kaolmite, = pyrophyllite, dickite capacity of host rocks, and increases Surrounding clay alteration zomes
acid-generating cApacity Impenmesble
Argilhic Eaolinite, illite, monsmorillonits, Dereases acid-buffering capacity Substanfially decreases rock amd
= pyrite. = chlorite fracture permesbility
Phyilic Chartz, senicite, pyTite Incressss acd-gensrating capacity Slightly decreases rock and fracture
Potassic Potassium feldspar, biotite, anhydrite Coarse grain size of feldspars Shifts permeahbility to frachme
decTeases rock reactvity permeability
Propylitic Epidote, chlorite, calcite, albite, = pyTite Increases add-taffening capacity Chlonte-rich alteration somewhat
of rock decresses frachure permesbility
Silica Silica, quartz addifion to rock and Dereases acid-buffering capacity Decraases rock permeability, porosity.
replacement of rock minerals of rock Increases suscepability of rocks to
fracturings
Tasperowd Silica, quartz replacement of carbonate Greatly decresses acid-tafering Can imcresse parasity, permeability of
sedimentary rocks capacity rock; also increases suscephbility of
rocks to frachrng
Creisen Choartz, mmscovite, topaz, flucnte, Some decrease in acid-buffering Moderate rock permesbility, fractare
cassiterite, magnette Ccapacity, reactvity permeability
Skamm Carbonate rocks alier fo calc-silicates, Decreass acid-buffenng capacity; May decresse rock permeability
masnefite increase acid-senerating capacity
Dolomitization Alteration of limestones to dolomites May decrease acid-bufering May decresse or imcTease rock porosity,
capacity permeakbility
Carbonatization Alteration of rock minerals to carbonates Substanfally increases acid-bufering  MNegligible effect
capacity
Sulfidation Alteration of Fe nunerals fo Fe sulfides Incresses add-genarating capacity Heslizible effect
Decalafication Femoval of carbonate from rocks, some Decreases acid-buffering capacity Substantially Imcresses porosity, perme-

{(decarbonatization)

replacemesnt by silica

ahbdlity
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fics of dominant mineral assamblazes along the wein, The pre-mining water table ecoured primanly in acid-newiralizsing rthodechrosite, and so the mins
waters had oear-oewiral pH and relatively Llow levels of dizselved metals (F. Boppe, oral. commun., 1981). Acid-zensrafing, arsenic-rich bomyoeidal pymie
(Fizs. 3.3 and 3.7a) perzists unoxidized abore the water fable dus fo the presence of an ilkte- and monmmorillonite-rich bydrothermal alteration cap and
a poarly welded ash-flew tuff above the main vein are zone; these feafores combing to produce low brpdraulic conductivity alens the wein between the
ground surface and the main ere zens. Figure modified from Plumlss and Whitshouze-Veaunx (1904) and Plumlee and Mash (1905).



quartz-alunite epithermal, Au-Cu-Ag deposit
(Summitville SW Colorado)
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FIGURE 3. 11—Eaz:st-west paologic cross section of the Summrinille depesit, 5W Colorade, showing deposit-wide alteration and metal zonims The
quartz-sericite-pyrite alteration s sssociated with a lowe-grade porphyry-Cha deposit. Figure from Phonles ot 2] (19958), and orginally modified from

Bye etal (1900



