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ABSTRACT : In the upstream of Nakdong river in Bonghwa-gun, Gyeongsangbuk-do, certain areas of
riverside were found to be covered by weathered mine tailings which were assumed to be migrated
and deposited by flood. This study was conducted to investigate the formation and characteristics of
the secondary minerals from tailings and related leaching behavier of heavy metals in the severely
weathered tailing deposits by river waters. Quartz, feldspar, micas, chlorite, hornblende, talc, pyroxene
(johannsenite), pyrite, and calcite were identified as primary minerals by XRD. Kaolinite can be
formed by the weathering of tailings, but considering the short period of weathering time, kaolinite in
the deposits is considered to be from unweathered tailings or moved from soils. The secondary
minerals such as goethite, gypsum, basanite, and jarosite were also identified. The formation of the
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secondary minerals was affected by the species of primary minerals and pH conditions. The weathering
of pyrite produced sulfate minerals such as gypsum, basanite, jarosite, and also goethite. Mn oxide was
also identified by SEM, coated on the primary minerals such as quartz. This Mn oxide was poorly
crystalline and thought to be the weathering product of johannsenite (Mn-pyroxene). The Fe and Mn
oxides are the main minerals determining the brown/red and black colors of weathered tailings. EDS
results showed that those oxides contain high concentrations of Pb, Zn, and As, indicating that, in the
river, the formation of Fe and Mn oxides can control the behavior and leaching of heavy metals by

co-precipitation or adsorption.

Key werds : tailings, weathering, secondary minerals, heavy metals, goethite, Mn oxide
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Fig. 1. Sampling sites on the riverside of the Nak-
dong river.
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Table 1. Description of each samples collected on the riverside of the Nakdong river. XRD indicates
XRD analysis with Cu target and XRD (Co) represents XRD with Co target as well as Cu target)

Point Thickness Color pH Analysis Specific features

1-1 Brown 7.26 XRD

1-2 Yellow 7.31 XRD Vassanite, pyrite

1-3 Gray 743 XRD

1-4 Brown 6.87 XRD

1-5 Black 7.16 XRD (Co), SEM, XRF

1-6 50~60 cm Brown 3.83 XRD

1-7 Gray 7.28 XRD

1-8 Brown 7.15 XRD

1-9 Black 7.93 XRD

1-10 Brown 5.56 XRD

1-11 Brown 5.72 XRD

2-1 Red 4.15 XRD (Co), XRF

2-2 Gray 4.87 XRD

23 4 om Yellow 442 XRD

2-4 Black 4.54 XRD

3-1 Dark brown 3.19 XRD

3-2 15 om Dark gray 2.59 XRD

3-3 Pale brwon 3.35 XRD (Co), XRF Jarosite

3-4 Gray 3.28 XRD

4-1 3 om Red 6.08 XRD (Co), XRF

4-1 Black 6.26 XRD

5-1 Brown 4.07 XRD (Co), XRF

5-2 Dark brown 4.41 XRD

5-3 20 em Red 5.82 XRD

5-4 Black 4.87 XRD

6-1 Brown 5.57 XRD

6-2 20 em Red 6.66 XRD (Co), XRF

7-1 Brown 6.68 XRD (Co), XRF

7-2 8 cm Gray 6.62 XRD

7-3 Black 6.63 XRD
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Fig. 2. X-ray diffraction patterns of weathered tail-
ings samples using CoKe (Ch: chlorite, M: mica,
T: tale, K: kaolinite, Q: quartz, F: feldspar, P (J):
pyroxene (johannsenite), G: goethite, A: amphibole,
QGy: gypsum, Ja: jarosite).
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Table 2. Chemical composition of weathered tailings deposited on the riverside of Nakdong river (wt%,

analyzed by XRF)

1 2 3 4 5 6 7

SiO, 57.33 67.62 71.17 51.18 48.32 54.82 49.84
ALO; 6.37 9.42 9.26 7.13 0.94 11.43 11.4
Ca0 6.28 2.85 2.55 5.67 9.74 3.58 3.94
Fe,0; 13.15 8.30 6.36 21.33 15.93 14.93 18.89
K0 1.58 3.02 3.40 1.45 1.36 2.10 1.93
MgO 1.33 0.95 0.84 1.45 1.08 1.45 1.20
MnO 5.27 1.63 0.74 228 2.72 1.61 1.61
Na;O 0.55 1.19 1.45 0.56 0.61 1.34 0.97
P05 0.11 0.09 0.11 0.13 0.10 0.14 0.11
TiO 0.33 0.36 0.44 0.43 0.32 0.52 0.43
LOI 7.95 5.23 3.85 9.07 13.48 8.13 9.29
Total 100.2 100.6 100.1 100.6 99.6 100.0 99.59

2 49, 34, 2R, U4
NHERBAOIE) 5ol F9UT FIHFES
F4o) BRHYOY HAFER ol ol
AU T4 FA A Lol 29 A
A8 Felol QW Zo] olFol HUAY Fn)7}
F390A 3712 Y48 BER F4A0. =
A Fok FAG9A A4E B2 AR
Wsh AR EEE HWM0] FANAT P4
YFERE 43, MahtolE, ARA|ET} 5

T3 mE FE2AH L BUT AR o] 93}
I Wt 4 ARE pH #9 A pH 3~
78RS £XE EOoH pH £Xo wE FH

¢ FE ALY Aole BRAAA ggn. a3y
AZAIES] A4 point 394 RHAHE FE
olT o] NEAHAAHL pH 335 AT = 73 4
A& Yetlle AR 2 g A H3 2g pHrt
AR B FA o Fad UYL AT
(Schroth and Parnell, 2005; Wang et al., 2006;
Regenspurg ef al., 2003; Jonsson ef al., 2005). 4+
g b ol A fﬂ”ﬂ” G #E 5 A2ZA
°|EE 53| pH7t W& #AoM F2 BFHE

ZFE2A AWM Furt FaEHEA FHA
9 F3} oz go pH &7 dAHT o]y
Y AHZE 4 %’&Hﬁ—r% Zo| A2AIETL §
e Ao s Addt. 4 AEAF AAnic pH

7} 2kelE Role AL ofnlm Y Fu AR
o pH $593¢ 3= Wiy 48 59 A4
o7 A Qs ASE AsHL.

7 FEY A L E 4 Y = g2
245F dd FwA «l AolE & F At
71— /\]EE_/] g]_b‘};(-l /H e ¢ 20]]/\1 51_0:];(]‘_‘:_
AXE 2+ N gt} ﬂ?i}z—'! AE AolE HAE
O AAF SR E Fer059 T3] 6.4~21.3 wi%
o] BYXE HY Si0, §F 202 He RHog
et oy ol UAZ 3349 F3a4E9 3
X oz ZAdE AR Fed 9% Aoz B
At} B3] A2 FIARE B4 AE 19
B & AR vgtd Mn JEo] & AL
E YESOH o= XRD E4dA HAxE

Mn S 34 Q S@FAHYolES FHH IS

ARE VA Y Ao BHAAY, & B A
25L& Ao FriNa] FEA Lo whebA 2
HZQl 815d A8 Kol o)Hd A& Aol
T2 OAFEEY FHAE AHAHA YFL 1)
e Ae® godA,

13
X
oo
]
r
_\-_?l
Mo
10

AA A3 gzt AP dstd FH A
A ARE 7] st vnd A3 4zto] g
< point 1 AZ(1-5)9 thste] SEMEDS #4&
AANEET AAAoT IAFEQ MY Zo
F2o W Fol ot AP A=)
AU gAY oA FEE0 IHE FH = A

- 336 —.



Fig. 3. SEM images and EDS of Fe oxide coated
on the quartz at point 1 sites, showing high con-
centrations of Zn and Pb are adsorbed or copreci-
pitated with Fe oxides.
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Fig. 4. SEM images and EDS of Mn oxides coated
on the quartz surface with high concentrations of
Zn, Pb, and As.
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