
American Mineralogist, Volume 88, pages 1933–1942, 2003

0003-004X/03/1112–1933$05.00      1933

INTRODUCTION

Sulfide weathering has long been studied in relation to min-
eral exploration for valuable metals and their products of su-
pergene enrichment (Jensen and Bateman 1981; Thornber 1985;
Guilbert and Park 1986; Williams 1990). Currently, more at-
tention is being given to the weathering of mine wastes and
consequent contamination of sediments, soils, streams, and
plants with acidic effluents and toxic heavy metals (Jambor et
al. 2000). The principal mine-waste solids are divided into waste
rocks and mill tailings. Although numerous investigations have
been carried out on the mill tailings, detailed mineralogical stud-
ies of waste-rock dumps are few (Ritchie 1994; Benvenuti et
al. 2000). Waste rocks may undergo more severe oxidative
weathering than impoundments of fine-grained mill tailings
because of easier transport of O atoms by advection into the
dump (Deissmann and Friedrich 1998), whereas tailings im-
poundments commonly have a thick saturated zone that inhibits
oxidation. Geochemical modeling, with the objective of predic-
tion of environmental hazards such as heavy metals and acidic
waters, should be tested and improved by mineralogical analy-
sis of the wastes (Jambor 1994).

In Korea, numerous small-scale sulfide-mineral deposits in
the valleys of mountainous regions were exploited in the first
half of the 20th century. Most are now closed, leaving numer-
ous waste-rock dumps. Under a humid climate and in a moun-
tainous region, violent storms during the rainy season
commonly trigger landslides of the weathered waste-rock
dumps, thus giving rise to severe environmental hazards be-
cause of the abrupt increase in downstream heavy metals.

Manganoan carbonates are commonly associated with the base-
metal sulfide deposits in Korea, and are the parent minerals of
supergene manganese deposits (Kim et al. 1992). Simultaneous
weathering of sulfides and manganoan carbonates produces a dis-
tinct secondary mineralogy. This paper reports the mineralogy and
microtextures of weathered sulfides and manganoan carbonates
with implications for the fixation of heavy metals at the former
Dadeok mine in Korea.

STUDY AREA

The study area is located in the northern part of Gyeong-
sangbuk-Do, Korea (Fig. 1). The geology consists mostly of
Jurassic hornblende granodiorite with small bodies of Creta-
ceous Chunyang granite, pegmatites, and quartz veins (Sohn
and Kim 1963; Park et al. 1988) (Fig. 1). The Dadeok mine
produced Zn, Pb, and Au ores for about 30 years before clos-
ing in 1945. The ores occurred in about 15 sets of parallel north-
striking quartz veins that fill fissures in granodiorite (Park et
al. 1988). Granodiorite along the quartz veins has been hydro-
thermally altered by sericitization, chloritization, and
pyritization. The K-Ar isotopic age of the mica is 83.7 ± 5 Ma.
The ore graded 1.9% Pb, 5.75% Zn, 2.2 g/t Au, and 243.8 g/t
Ag (Park et al. 1988).

Waste-rock materials, including low-grade ores and wall-
rock granodiorite that range from fine sand to cobble in size,
were accumulated in dumps at three sites on the flanks of val-
leys around shafts (Fig. 1). Dumps at sites A and B are similar
in size (about 10 m high and 100 m wide) and materials, but
that of site C is rather small in size. Sulfide ores and gangue
minerals in the dumps are similar in mineral composition and
textures because they were exploited from similar quartz-sul-
fide veins (Fig. 1), but manganoan carbonates are more com-* E-mail: jearth@andong.ac.kr
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ABSTRACT

The secondary mineralogy and microtextures of weathered waste-rock dumps derived from the
mining of galena-sphalerite ore in quartz veins containing manganoan carbonates were examined us-
ing back-scattered electron imaging, X-ray diffraction, and chemical analysis. Sphalerite, pyrrhotite,
and arsenopyrite were coated or replaced by iron oxyhydroxides in the earliest stage of the weather-
ing, and were then replaced by sulfur. Galena shows a thin alteration rim of anglesite. Oxidation of
pyrite has resulted in porous boxworks of Fe oxyhydroxides. The relative resistance to oxidation,
from most resistant to least resistant, was observed to be pyrite ª galena > arsenopyrite ª sphalerite
> pyrrhotite. Rhodochrosite dissolved to form hydrohetaerolite pseudomorphs, and manganoan cal-
cite has an outer alteration rim of hydrohetaerolite and an inner zone of smithsonite. Rock and
mineral fragments were cemented by fine aggregates of plumbojarosite, Fe oxyhydroxides/sulfates,
and manganates. Microchemical analysis and sequential extractions showed a close association of
As with Fe oxyhydroxides/sulfates, of Pb, Cu, Zn, and As with plumbojarosite, and of Pb and Zn
with manganates. Despite their lower acid-neutralizing capacity, manganoan carbonates played an
important role in the fixation of Pb and Zn by the formation of manganates.


