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ABSTRACT : Sulfates such as alunite and schwertmannite formed under oxidation condition play a
important role in geochemical processes taken place at waste dumps and a creek from Dalseong
mine, Daegu. Water chemistry shows pH decreases from upstream toward downstream creek, mainly
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due to formation of schwertmannite that is the most abundant phase along the creek. The removal of
Al from the creek is preferentially attributed to formation of Al-bearing minerals and Al-sulphates.
Among them, alunite is the most important Al-sink phase that occurs at higher pH than pK, Al
hydrolysis constant. With high saturation index, alunite formed at the creek has a spherical form,
commonly associated with schwertmannite. Secondary minerals formed on the surface of altered or
weathered surfaces of heavy metals from the wasted dump that underwent severe oxidation, where
alunite has characteristic habits which are spheric, radiating, and botrytis-like aggregates. Natroalunite
occurs in association with alunite, or as mixtures of both of them. Because the pH decreases with
distance due to formation of schwertmannite, although total contents of dissolved ions slowly lessen
at least in the AMD, it is expected that the minerals precipitated at the creek can be exposed to
subsequent dissolution, which may induce possible environmental problems.
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Fig. 1. Geological map of the Dalseong mine area at Dalseong-gun, Daegu. 1; Jain
Formation, 2; Andesitic rocks, 3; Andesitic porphyry, 4; Intrusive dacite breccia, 5;
Granite porphyry, 6; Quartz monzonite, 7; Felsite, 8; Intermediate dike, 9; Acidic dike,

10; Alluvium, F; Fault.
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Fig. 2. Sampling sites of polluted waters and precipitates along the acid mine drainage are denoted by
numbers from upstream toward downstream. Gangue and heavy metal minerals were collected from the

waste dump of the mine.
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Table 1. Water chemistry of a creek at Dalseong mine (unit: mg/L)
1 2 3 4 5 6 7
Si 23.87 22.88 22.36 21.71 21.65 21.54 20.40
Al 1.85 0.06 0.74 1.23 1.65 1.74 1.96
Fe 9.51 6.60 3.78 1.92 0.26 0.08 0.08
Mg 55.67 50.90 46.96 46.83 41.54 39.03 39.64
Mn 19.48 18.59 17.00 16.95 14.97 13.84 13.60
Ca 226.07 206.15 186.59 189.33 165.50 153.68 147.61
K 5.01 15.07 5.10 5.42 4.55 4.46 4.75
Na 113.96 84.10 75.74 73.18 66.82 61.12 58.56
As 0.50 0.48 0.43 0.41 0.42 0.40 0.36
Co 0.18 0.16 0.15 0.15 0.13 0.13 0.12
Cu 2.24 1.65 1.96 2.00 2.03 1.97 2.11
Li 0.05 0.04 0.04 0.04 0.04 0.03 0.03
Sr 0.82 0.75 0.79 0.69 0.62 0.61 0.64
Zn 2.32 2.01 1.88 1.87 1.71 1.60 1.59
Br 2.65 2.07 2.59 2.23 1.66 1.52 2.09
Cl 3.73 27.08 331 3.36 3.22 4.49 7.05
NO3 2.30 2.19 2.04 222 2.73 3.34 4.60
SO, 950.43 921.71 826.89 809.40 752.06 697.95 642.18
pH 5.76 6.37 543 5.00 4.69 4.59 4.64
EC 1267.0 1454.0 1356.0 1301.0 1218.0 1118.0 1085.0
Eh 467.3 412.0 468.6 517.8 578.0 620.0 578.0
boO 3.55 3.56 4.53 435 3.85 4.44 349
T 16.90 23.60 22.50 23.30 21.80 20.60 19.10
E9 &Fo|9 FFTE o83ty EASF g jarosited FIAFE AT wEks o]
(Samration index, Sl)a 7y sl EL, AAE 3 T BE ZAFY A9 S0 FHH))
M J2bed BE £33 BIs, Uz st Aoz 2 4 Utk B,
%Eﬁ} ARE ¢ —’T‘ UTHTable 2). HEAQ  pHe Wato] webr HEEAG jaro sﬁe«] ¥3}7
PUARE A AN D@pumt T3 = 28 AYS AP A%Hor gagc
A%, BT T8AE o) Rk BB jaosite  Z, R 25 pH} ool GeA o
o} AA el TRAFE vlws) BY AHA 9o EAsE Zadh ole AR, FROA
A BRZ 24E 5L BF 4 7AsE o5 BEo| AANWA Al CaZdAd BEo]
Wig BADFg 3). A0, BuAs 252 9B AATEZ AAFANE oI5 F 8E
H AN FAHSA Fa T, 390 AFAM o] gasle TEAGIL FAHE AR 3§
OA Z3A57F desttrt sHiztAl A&H2 e, 285 dtgoz & o, o9 &
2 Zadte A%S Jedth ALY 3% W8 2deo] o A8 —‘zo} oS BEL AL HEa
Folg QoA AFH el gol, Wwrde £ Ao mus) Yoz, AL A% 2
FAFE AA AlY FFHste] WA F  FE F AL &422 d5dd.
& 1S oIt AR SEAUIN 2
F Alsol #2 dRrlE FUNPER TASE sy ATEY T SEM B
o, dREe Yuide] Sot jlow 2 4
Atk olol Wbl WAz nLAE o)F 9B FAA 2719 H4E pH 5.769)
Fe TS jarosited = Alo] 79 E0]7}4] ?z-}* G S Rojed, {2 25 F pHI} 4.657}
ocug, 2 AFAAH FAT Al Fark A A gash 53], 25719 B, AeEddE
T FAME F4% T3AF HES YA FHA pH 3~pH 3.57HA] Fa —a}—t— Ro=Z e
ot DY, AN ERAF BAUN T e sl JABEL AFAM S5z
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Table 2. Saturation indices of possible mineral phases calculated using MINTEQ code

sampling site 1 2 3 4 5 6 7
Al(OH)3(am) 1.558 0.692 0.631 -0.171 -0.985 -1.302 -1.166
AIOHSO4 1.036 -1.482 0.418 0.369 0.254 0.192 0.291
Al(OH);0S04 10.302 3.903 5.827 3.221 0.947 0.164 0.957
ALUNITE 10.557 5.248 7.658 6.3 4.983 4.523 5.048
ANHYDRITE -0.52 -0.504 -0.543 -0.565 -0.64 -0.694 -0.744
BOEHMITE 2.578 1.764 1.694 0.898 0.073 -0.253 -0.129
DIASPORE 4.355 3.481 3.421 2.618 1.805 1.491 1.628
EPSOMITE -3.26 -3.353 -3.366 -3.41 -3.454 -3.483 -3.485
FERRIHYDRITE 2.695 3.141 1.963 1.23 0.042 -0.596 -0.548
GIBBSITE(C) 3.478 2.612 2.551 1.749 0.935 0.618 0.754
AlLO, 0.484 -2.102 -2.087 -3.792 -5.231 -5.712 -5.249
GOETHITE 6.79 7.482 6.264 5.56 4318 3.636 3.629
GYPSUM -0.227 -0.279 -0.308 -0.338 -0.397 -0.439 -0.474
HEMATITE 18.549 19.966 17.525 16.121 13.629 12.26 12.239
Na-JAROSITE 8.742 8.725 7.892 6.93 4.095 2.291 2.066
K-JAROSITE 10.852 11.361 10.117 9.187 6.334 4.574 4415
JAROSITE 5.876 5.703 5.803 5.321 2.761 1.036 0.706
MAGHEMITE 8.787 9.679 7.322 5.856 3.481 2.205 2.301
MIRABILITE -5.672 -6.262 -6.286 -6.404 -6.421 -6.459 -6.452
CU(OH), -2.314 -0.991 -2.815 -3.613 -4.272 -4.518 -4.434
ATACAMITE -4.256 -1.557 -4.231 -6.329 -7.306 -7.517 -7.155
ANTLERITE -2.302 -0.335 -3.788 -5.473 -6.673 -7.095 -6.798
BROCHANTITE -2.715 0.318 -4918 -7.432 -9.234 -9.856 -9.416
LANGITE -4,975 -1.269 -6.614 -9.049 -10.999 -11.741 -11.452
TENORITE -1.294 0.03 -1.794 -2.593 -3.252 -3.498 -3.413
CHALCANTHITE -4.62 -4.805 -4.69 -4.719 -4.71 -4.728 -4.711
CUPRICFERIT 15.139 17.754 13.508 11.291 8.168 6.575 6.667
ZINCITE -4.97 -3.424 -5.413 -6.205 -6.935 -7.215 -7.186
ZNSO, -6.957 -6.827 -6.892 -6.904 -6.986 -7.054 -7.114
BIANCHITE -5.548 -5.596 -5.632 -5.665 -5.708 -5.745 -5.765
GOSLARITE -5.283 -5.39 -5.416 -5.456 -5.486 -5.512 -5.519
MAG-FERRITE 5.514 8.719 4.265 2.092 -1.194 -2.887 -2.926
LEPIDOCROCIT 6.215 6.661 5.483 475 3.562 2.924 2972
pH 5.76 6.37 543 5.00 4.69 4.59 4.64
242 IR AL wu), AANE AR 4 ELsEA FRgH) Fdse @YoM,
oaA U, & 51, 34 AT 18 B FAZYE AlY Fe) Fuske of A9
AP E =@ ZdA(yellowish brown)o] F35  AF333 $AEHH 2 R3dv)h pH7F Al
olZct. ¥}, HlE LFolAyt 8 HMFo] o HA JlFERE) FF pKi=5.0d =] A
FEHew o = PABL REHoz  ANE Al seRdE AT B, Al
YAY, 9% weeldE Nz EAE e ATHNN wed 9% AY WA ¢u AE
Hol7]x 3tk o] B AAEL AALr B FE ugbA A& olsstd it a3,
F@ P AL Ee o Eoln, gk pHZE pKiol EEEE JSREE Al 384
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Fig. 3. Comparison and variations of saturation index of sulfates with pH (from site 1 at upstream

toward site 7 at downstream).
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Fig. 4. SEM microphotographs show alunite(a),
diatom(d), and schwertmanite(s) in reddish prec-
ipitates at D-3 site where pH is 5.4 (see Table 1
for more information).
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Fig. 5. SEM photomicrograph showing alunite(a),
natroalunite(n) precipitated on quartz(q) phenocryst
in waste metals collected from oxidized dumps.
Arrows denote mixtures of alunite and natroalunite.
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Fig. 6. SEM microphotograhps show alunite(a) and
quartz(q) (A) Aggregates of
spherical alunite. A triangular cystal marked by an
arrow (center) represents a mixture phase com-
posed of alunite and quartz. (B) Enlarged image of
an area marked by rectangular in (A) shows well

in waste metals.

formed alunite with botrytis-like habit.
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Fig. 7. SEM microphotographs of alunite associated
with pyrite in waste metals. (A) Radiating crystals
of alunite. (B) Enlarged image of an arrowed area
in (A) showing intensively altered pyrite due to
oxidation and weathering.
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