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Pyrite Content using Quantitative X-Ray Diffraction Analysis and
Its Application to Prediction of Acid Rock Drainage
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ABSTRACT : We examined the mineralogical composition of pyrite-bearing rocks by quantitative
powder X-ray diffraction analysis using the matrix-flushing method and ROCKJOCK (a full pattern
fitting computer program). The neutralization potential (NP) and acid generating potential (AP) were
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calculated on the basis of mineralogical compositions. The mineralogical AP was compared with the
conventional AP calculated from bulk sulfur concentration to assess the applicability to the prediction
of acid rock drainage (ARD). The pyrite content calculated by matrix-flushing method showed a high
positive correlation (r2=0.95) with those by ROCKJOCK. The pyrite contents by matrix-flushing
method was 1.45 times larger than those by ROCKJOCK. The pyrite content and mineralogical AP
obtained by the matrix-flushing method had a better correlation (r2:0.98) with those by the total sulfur
concentrations in the all samples except KB sample. The mineralogical NPs of YJ sample were 23.0
and 34.0 (kg CaCO; equivalent per tonne) by matrix-flushing method and ROCKJOCK, respectively.
The AP calculated by matrix-flushing method and ROCKJOCK program were 47% and 72% of those
by the conventional ABA test. We hereby suggest that the quantitative analysis using XRD data can be
applied to prediction of ARD. For more reliable calculation of the mineralogical NP and AP, other
sulfide and carbonate minerals such as pyrrhotite, dolomite, ankerite, siderite, rhodochrosite which can
affact the mineralogical NP and AP should be considered.

Key words : acid generating potential (AP), neutralization potential (NP), matrix-flushing method,

ROCKIJOCK, acid rock drainage (ARD)
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Table 1. Sample descriptions and locations
Location Sampling
Sample 1D Rock types
Latitude Longitude Rock Water

YS 35,24,17.0 129,10,44.0 volcanics O O
KK 35,57,52.7 129,27,15.5 lignite o]

BS 35,54,03.8 129,28,19.7 black shale O

Y] 35,55,32.9 128,28,58.8 sediments O

HK 36,12,47.2 127,56,39.8 phyllite o] @]
KB ‘ 36,10,07.2 127,22,54.0 phyllite O O
YW 37,08,53.3 128,32,14.1 coaly shale O

HB . 36,29,55.5 127,35,36.4 slate O O
CH 36,09,10.1 129,20,51.1 mudstone o]
CHG 36,09,10.6 129,20,52.5 crystalline tuff o] o)
CH3 - 36,02,26.6 129,18,39.7 mudstone o]
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Fig. 1. XRD pattern of sample YS, a) full pattern region, b) the 58 to 65

degree region for clay minerals, and c) residual analysis using ROCKJOCK,
a program for determining quantitative mineralogy from powder XRD data.
Red and blue lines represent calculated and observed pattern, respectively.
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Table 2. Pyrite and calcite contents using quantitative X-ray diffraction analyses and acid generating potential
(AP) calculated based on bulk sulfur concentration

*

Method matrix-flushing ROCKJOCK Total S AP
Mineral pyrite calcite pyrite calcite S cal. pyrite“
Sample 1D wt.% wt.% wt.% wt.% (%) S x 31.214 wt.%
YS 83 0.0 4.6 0.0 5.9 183.4 11.0
KK 04 0.0 0.3 0.0 0.5 15.7 0.9
BS 1.6 0.0 0.7 0.0 0.9 28.1 1.7
YJ 6.7 23 5.9 3.4 4.7 146.8 8.8
HK 1.2 0.0 0.6 0.0 0.7 223 1.3
KB 6.1 0.0 4.0 0.0 8.9 277.6 16.6
Yw 3.7 0.0 1.9 0.0 32 100.7 6.0
HB 1.2 0.0 0.8 0.0 1.7 539 3.2
CH 1.9 0.0 1.4 0.0 1.3 41.2 2.5
CHG 0.3 0.0 0.4 0.0 0.0 0.8 0.0
CH3 1.7 0.0 1.1 0.0 14 425 25

" AP: calculated based on bulk sulfur concentrations (conventional ABA tests), kg CaCOs equivalent per tonne.
" cal. pyrite: calculated based on sulfur concentration.
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Fig. 2. Relationship between pyrite contents calculated by matrix-flushing method, ROCKJOCK program, and
bulk sulfur concentration.
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Table 3. Mineralogical acid generating potential (AP) and neutralization potential (NP) calculated based on the

quantitative X-ray diffraction analysis.

(kg CaCOs equivalent per tonne)

Quantitative

method matrix-flushing ROCKJOCK Total S
Sample ID AP NP AP NP AP’
YS 138.5 0.0 76.8 0.0 183.4
KK 6.7 0.0 5.0 0.0 15.7
BS 26.7 0.0 11.7 0.0 28.1
YJ 111.8 23.0 98.4 : 34.0 146.8
HK 20.0 ‘ 0.0 10.0 0.0 223
KB 101.8 0.0 66.7 0.0 277.6
YW 61.7 0.0 31.7 0.0 100.7
HB 20.0 0.0 133 0.0 53.9
CH 31.7 0.0 23.4 0.0 412
CHG 5.0 0.0 6.7 0.0 0.8
CH3 28.4 0.0 18.4 0.0 425

" AP: calculated based on bulk sulfur concentration {(conventional ABA tests).
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