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oxidation of arsenlan pyrite on pit walls

above lake surface produces goethite, low-arsenic 402 m (1320 ft)
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Hanging wall
256 m slates, schists, carbonates and metavolcanic rocks
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MINERALOGY

Rock type Silicates/other

Carbonates Sulfides/metals

Ferroan dolomite Pyrite FeSo
Ca(Mg,Fe)(COg)2
(Calcite CaCQO3)

Magnesite MgCOs3 Gersdorffite NiAsS
(Niccolite NiAs)
(Millerite NIS)

(Cobaltite CoAsS)

Ferroan dolomite  Arsenian pyrite FeSo.xAsy
Magnesite Gold
(Calcite) (Sulfosalts Cu-As,Sb-S)
(Au-Ag tellurides)

Graphitic slate Quartz
Metavolcanic Albite
Metavolcaniclastic Chlarite
Sericite
(Graphite)
Altered serpentine Tale
Diorite/gabbro Tremolite
Actinolite
Chlorite
(Chromite)
Intermixed h.w. Quartz
& f.w. rocks Albite
Quartz veins Mariposite
Chlorite
Sericite
Tale
Ore zone & Goethite FeOOH

hanging wall Magnesiocopiapite (Mg,Fe)4(S04)g(0OH)2-20H20
Jarosite KFe3(S04)2(0OH)g
Gypsum CaS04-2H20
Hexahydrite Mg(S04)-6H20 (epsomite, pentahydrate, starkeyite)
(Halotrichite, loewite, slavikite, weilite-CaHAsO4)
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Depth profiles: Temperature,
dissolved oxygen and dissolved arsenic
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Depth Profiles: Mineral saturation states

)
Illlll.ll.llllql

 #
[ ]
IIIIIl-II-I1l

J
a ]
"""""" ‘.l.‘.l

.l.l.h.ll.l..l.l.'.l.-

| |
L
.-..-..-..-..-..-.'.-.l.-:-.ﬁ.-:-

P © 00 O

SLEEEELLLLELELELLL 3

ssssssbalsdlsa

-2 to 2 kcals)

EEEEEEEETETTTT 3

1.-..-..-’:-:-.-:-.'.-.?-:-:_

CALCITE (each ordinate range is -2 to 2 keals)

..-..-..-..-:-..-..-:-..l.-.i.-:-:.

MAGNESITE (ordinate

-

=

ANHYDRITE (ordinate -2 to 2 keals

* s aw
L

]
.-..-..h:-:-_l:-,.-_.-.l.-:-:.

-

,
llhlbl.-lulln

1.-*-'*...*.--

=
(W) ypdag

° B

—

(w) ypdag

(w) ydag

e

YRIT

|IJ

ate

GOETHIT

5)

=200 to 50 kcal

[ordin

(ordinate -20 to 5 kcals)

(ordinate -2 to 10 kecals)




SUMMARY

1. Deep groundwater and weathering of arsenian pyrite
along fracture zones extending away from the ore zone
are the most likely sources of pit lake arsenic.

2. Calcite and magnesite are saturated or supersaturated.
Pyrite, jarosite, anhydrite and arsenic phases are
undersaturated. Arsenic mobility in the pit lake is
promoted by the alkaline pH, buffered by carbonate wall
rocks.

3. Arsenic from arsenian pyrite in the Harvard Mine ore
zone is transferred into weathering products, including
jarosite, goethite and copiapite. Seasonal winter storms
wash soluble arsenic-bearing phases into the Harvard
Mine pit lake, causing seasonal arsenic concentration
spikes.






Hydrogeochemical modeling

Water compositions used in model runs
» Precipitation: analysis of rainwater collected 4 km SE of pit

e Spring water: analysis of a selected spring water sample having major
element composition close to median for all spring samples (24)

 Ground water: could not be sampled directly; samples near lake bottom may
be dominated by influent ground water but extent of mixing with overlying lake
water unknown

— Initial composition from computationally dissolving calcite (80 mol%), magnesite (18
mol%) and siderite (2 mol%) incrementally in pure water to calcite saturation,
reacting it with 5:1 pyrite-arsenian pyrite mixture and O,, equilibrating with
atmospheric O, and amorphous FeOOH, and setting pCO, to that of hypolimnion
calculated from measured water compositions.

— Adjusted composition (Ca, Mg, CO,) in response to tests of forward mixing models.

PHREEEQC used for geochemical calculations

* Inputs facilitated by using Excel spreadsheets (seasonal epilimnion and
hypolimnion volumes and water fluxes, reaction rates,etc.) copied to text files
for the actual runs












