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MINERALOGICAL AND IMAGE ANALYSIS STUDY 
OF ARTIFICIALLY WEATHERED TAILINGS 

FROM THE MIDWEST URANIUM ORE IN SASKATCHEWAN 

by 

W. Petruk* and R.G. Pinard** 

Abstract 

A mineralogical and image analysis study was conducted on samples of U tailings from pilot—plant runs 
on Midwest ore in Northern Saskatchewan. The tailings had been subjected to simulated weathering 
for the equivalent of 10 years in a tailings facility (lysimeter); the pH varied from 7.0 at the beginning 
of the test to 5.9 at the end. The results show that during the simulated weathering some of the 
gersdorffite, uraninite, galena and pyrite had oxidized, with gersdorffite being the most reactive and 
pyrite the least. Reaction was evident at the top of the lysimeter, but was most intense at the seepage 
discharge. Some of the released ions precipitated as Ni, Pb, and U arsenates, sulpharsenates, sul-
phates and oxides on particles of all minerals. Green crystals of Ni sulphate and white crystals of Ca 
sulphate had precipitated at the surface of the lysimeter. Clay minerals and chlorite had washed from 
the top of the lysimeter towards the seepage discharge. 

*Senior Research Scientist and **Technician, Process Mineralogy Section, Mineral Processing Labora-
tory, Mineral Sciences Laboratories, CANMET, Energy, Mines and Resources Canada, Ottawa. On-
tario KlA 0G1. 
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ÉTUDE MINÉRALOGIQUE ET PAR ANALYSE D'IMAGE DE RÉSIDUS 
AYANT SUBI UNE MÉTÉORISATION ARTIFICIELLE ET PROVENANT 

DE MINERAI D'URANIUM DU MIDWEST DE LA SASKATCHEWAN 

par 

W. Petruk* et R.G. Pinard** 

Résumé 

Une étude minéralogique et par analyse d'image a été effectuée sur des échantillons de résidus d'U 
issus du traitement en usine pilote de minerai du Midwest provenant du nord de la Saskatchewan. 
Les résidus avaient été soumis à une météorisation artificielle équivalant à 10 ans dans un bac pour 
résidus (lysimètre); leur pH est passé de 7 à 5,9 du début à la fin de l'essai. Les résultats montrent 
que pendant la météorisation artificielle une partie de la gersdorffite, de l'uraninite, de la galène et de 
la pyrite s'est oxydée, la gersdorffite ayant été la plus réactive et la pyrite la moins réactive. La réac-
tion était évidente à la partie supérieure du lysimètre, mais était la plus intense à la déchar-ge de l'in-
filtration. Certains ions libérés se sont précipités sous forme d'arséniates, de sulfo—arséniates, de sul-
fates et d'oxydes de Ni, de Pb et d'U sur des particules de tous les minéraux. Des cristaux verts de 
sulfate de Ni et des cristaux blancs de sulfate de Ca s'étaient précipités à la surface du lysimètre. Des 
minéraux argileux et de la chlorite ont été entraînés de la partie supérieure du lysimètre vers la 
décharge. 

*Chercheur scientifique principal et **technicien, Section de la minéralogie appliquée, Laboratoire de 
traitement des minéraux, Laboratoires des sciences minérales, CANMET, Énergie, Mines et Res-
sources Canada, Ottawa (Ontario) K 1 A 0G1. 
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INTRODUCTION 

The weathering of tailings from ore of the Midwest unconformity—type U deposit in Northern Sas-
katchewan was investigated as part of a CANMET U tailings project. Simulated weathering was car-
ried out by Ontario Research Foundation (ORF) under a contract from CANMET, and the weathered 
products were analyzed by a variety of techniques (G.M. Ritcey, oral comm. 1984-87). About 11.5 
tonnes of U tailings had been produced by pilot—plant runs on the ore by ORF under separate con-
tracts. The acidic tailings were treated with Ca hydrwdde and deposited into a tailings facility 
(lysimeter) by a layered tailings technique (1). The last deposition was in July 1982. The lysimeter 
was 7.3 m by 9.1 m by 60 cm high, and was designed to collect both seepage and surface runoff (1). 
The average composition of the tailings was about 0.25 wt % U, 2.5 wt % As, 1.3 wt % Ni and 4000 
pCi/g Ra-266. Northern Saskatchewan weather conditions were simulated over the tailings with a 
night—plus—day cycle of 4.8 hours; hence, the test was considered to be equivalent to 10 years of 
weathering. The pH varied from 7.0 at the beginning of the test to 5.9 at the end. Cores were 
taken periodically, the final cores being taken in spring 1984. Mineralogical analyses were performed 
on the final cores and on freshly leached tailings to determine changes that had been produced, and 
thereby to provide data for predicting weathering of tailings and migration of elements. The analysis 
involved identifying and characterizing the minerais and phases, and determining mineral quantities. 
The minerais  were identified with a microprobe equipped with an energy dispersive X—ray analyzer 
(EDXA), and the mineral quantities were determined with the MP—SEM—IPS image analysis system 
(2), which consists of a Kontron SEM—IPS image analyzer interfaced with a Jeol 733 microprobe and 
a Tracor Northern 2000 EDXA. 

SAMPLES 

Seven cores were taken from the lysimeter by ORF personnel. The lysimeter surface had been subdi-
vided into 100 units using nine rows from intake to discharge end, labelled B to J, and nine rows 
from right to left, labelled 1 to 9. The cores were taken from rows B, E, H and J at points 1.5, 5 
and 8.5. Hence, they were designated as B-1.5, B-5, B-8.5, E-5, H-1.5, H-8.5 and J-5 (Fig. 1). 
Samples were taken from the top, middle and bottom of each core. As the size range of the particles 
in the samples was too wide to perform mineralogical analyses, the samples were split by ORF into 
+74 gm, 74 to 12 1.1.m and —12 gm fractions. Concentrates of the heavy  minerais  were prepared in 
the Process Mineralogy Section, CANMET, from the +74 gm fractions by separating the fractions into 
sink and float sub—fractions with a heavy liquid having a specific gravity of 3.33. Eighty—four samples 
were thereby produced from the seven cores. Polished sections were prepared from all samples and 
analyzed. 

MINERALOGY 

The minerais  were identified by qualitative and quantitative EDXA of grains in polished sections. The 
quantitative EDXA analyses were performed by analyzing for U, Ni, Fe, Co, Pb, Al, Si, Ca, K, As 
and S, using CANMET microprobe standards. The difference between total for analyzed value and 
100 was assumed to be due to oxygen, OH and H20. The presence of Mg was determined qualita-
tively. The samples and standards were analyzed at 20 kV and 10 nA with a Jeol 733 microprobe 
interfaced with a Tracor Northern 2000 EDXA. ZAF corrections employing nine elements were used 
for all analyses. To obtain reliable data, the analyses were performed only on grains that appeared 
homogeneous in the backscattered electron image (BSE), that were larger than 10 gm in diameter, 
and that did not decoinpose under the electron beam. 
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Fig. 1 — Plan of lysimeter showing drill core locations. 
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Table 1 - Average mineral quantities in sized fractions and combined sample in the lysimeter 

Minerals Total 	+75 gm 	+74 gm 	74 to 	-12 gm 
sample 	3.33 sink 	3.33 float 	-12 gm 

Silicates 	 96.1 	10.6 	- 	88.2 
Quartz + plagioclase 	 - 	- 	83.5 	- 	13.7 
K-feldspar + calcite 	 - 	- 	6.8 	- 	14.5 
Mafics* 	 - 	- 	1.2 	- 	3.5 
Illite 	 - 	- 	 - 	- 	41.8 
Mica (muscovite) 	 - 	- 	7.4 	- 	13.7 
Zircon 	 0.3 	5.4 	tr 	0.4 	0.4 
Gypsum 	 - 	- 	 - 	- 	0.1 
Alteration products (Types 1-3) 	1.6 	4.9 	0.8 	1.5 	10.0 
Alteration product (Type 4) 	tr 	0.4 	- 	0.1 	- 
Rutile 	 0.3 	8.3 	0.1 	0.8 	0.1 
Ilmenite 	 tr 	2.7 	tr 	0.1 	- 
Hematite + magnetite + goethite 	0.2 	10.8 	0.1 	0.8 	0.2 
Pyrite 	 0.6 	13.3 	tr 	1.0 	0.9 
Chalcopyrite 	 tr 	1.5 	- 	0.3 	tr 
Sphalerite 	 tr 	4.2 	- 	0.2 	- 
Galena 	 0.3 	12.1 	0.1 	0.6 	0.2 
Uraninite 	 0.2 	12.8 	tr 	0.3 	tr 
Gersdorffite 	 0.4 	13.0 	0.1 	1.7 	0.1 
Rammelsbergite 	 tr 	- 	- 	4.0 	- 
Nickeline 	 tr 	- 	 - 	- 	0.8 
Millerite 	 tr 	tr 	 - 	- 	 - 

Total 	 100.0 	100.0 	100.0 	100.0 	100.0 

*Mafics = pyroxenes, amphiboles, biotite, chlorite and titanite 

+74 gm, 3.33 sink 	= 	0.2 wt % of total sample 
+74 gm, 3.33 float 	= 49.8 wt % of total sample 
74 to -12 gm 	= 16.0 wt % of total sample 
-12 gm 	 = 34.0 wt % of total sample 
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General Mineralogy 

The silicate minerals identified in the samples are quartz, K—feldspar, plagioclase, chlorite, biotite, 
mafic silicate minerals (pyroxenes and/or amphiboles), muscovite, clay (illite), titanite and zircon. 
The carbonate is calcite. The codde minerals are rutile, ilmenite, hematite, magnetite, goethite and 
uraninite. The sulphides, sulpharsenides and arsenides are galena, pyrite, chalcopyrite, sphalerite, 
millerite, gersdorffite, rammelsbergite and nickeline. The sulphates and arsenates are CaSO4 .nH20, 
barite (BaSO4) and Ni, U and Pb arsenates, sulpharsenates and sulphates. An Fe arsenate, deter-
mined by X—ray diffraction (XRD), was reported by ORF, but none was found during the current 
study. It is possible that the Ni arsenate, which is common in the samples, has a similar XRD pattern 
to Fe arsenate and is identified as Fe arsenate by XRD. On the other hand, Fe arsenate may have 
been present in the samples but was lost (dissolved or washed away) during sample preparation. Min-
eral quantities were determined for all samples and the data were combined into average mineral 
quantities for each fraction and sub—fraction, and into mineral quantities in a hypothetical "total sam-
ple" on the basis of wt % of each fraction and sub—fraction (Table 1). The mineral quantities in "to-
tal sample" indicate that most of the U (0.25 wt %) is in uraninite. In contrast, only part of the As 
and Ni is in the primary minerals (gersdorffite, rammelsbergite and nickeline); most is in alteration 
products. 

Silicate Minerals 

The silicate minerals are present as separate particles and as lumps of minute grains. Most of the 
particles are monominerallic, but a few display intergrowths of several silicate minerals and others con-
tain inclusions of oxides, sulphides, sulpharsenides and arsenides. A few particles are coated with clay 
minerals, arsenates, sulpharsenates, sulphates and the lump material. The lump material consists of 
very small grains of silicate minerals cemented with CaSO 4 .nH20 and with metal—bearing arsenates, 
sulpharsenates and sulphates. 

The term mafic silicate minerals is used for minerals that contain Si, Fe and/or Mg, and one or more 
of the following elements: Al, Ca, Na and K, but in different proportions than in biotite, chlorite and 
muscovite. The last three minerals can be identified by their respective EDXA spectra. Most grains 
identified as mafic silicate minerals are either pyroxenes or amphiboles. No alteration was observed 
on either the biotite or mafic silicate minerals; hence, their mode of occurrence was not studied. 

The muscovite is present as books of crystals (Fig. 2A) and as very small grains. The mineral is asso-
ciated with clay minerals, and the muscovite booklets contain clumps of arsenates and sulpharsenates. 

The clay minerals consist of Al, Si and K, and contain some Fe, Mg and Ca. They were identified 
as illite by XRD analysis by ORF. EDXA analyses were performed on a mass of illite that occurs on 
the edge of a gersdorffite grain and contains minute inclusions of gersdorffite (Fig. 2B), and on an 
illite inclusion in pyrite (Table 2). Minor amounts of Ni, As and S were detected, probably due to 
minute inclusions of Ni arsenates, sulpharsenates and sulphates. The illite is present as minute grains, 
lumps and coatings on other minerals, and as an alteration of K—feldspar. The mineral is commonly 
mixed with CaSO4 .nH20 and with metal—bearing arsenates, sulpharsenates and sulphates. It is not 
known whether the illite was formed in the lysimeter or was originally present in the tailings. How-
ever, since it is mixed with arsenates and sulphates that were produced in the lysimeter, the illite 
must have moved to sites where the reaction products were present or the reaction products moved to 
sites where the illite was present. 
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Fig. 2A — Backscattered electron (BSE) photograph of muscovite crystals with inclusions of arsenates 
and sulpharsenates. 

Fig. 2B — BSE photograph showing a large grain of illite (grey) attached to gersdorffite (white) and 
containing inclusions of gersdorffite. A fibre of tissue covers part of the illite. 

Fig. 2C — BSE photograph of uraninite (white) bordered by Type 1(a) alteration product. 

Fig. 2D — BSE photograph of uraninite (white) bordered by Type 1(a) alteration product (grey). A 
Type 2 alteration product coats the Type 1(a) product at the right edge and top of the 
grain. Type 2 also occurs as a coating on the silicate mineral (grey) at the lower left corner 
of the photograph. 

Fig. 2E — BSE photograph of uraninite (white) with three varieties of veinlets. The light grey veinlets 
at the centre have the highest U content. 59 wt %; the grey ones towards the edges of the 
grain contain less U. 46 wt %; and the dark grey parts at the centre of the veinlets contain 
still less U. 37 wt %. 

Fig. 2F — BSE photograph showing galena with a coating of Type 1(a) alteration product. 



Table 2 - EDXA analyses of minerals 

Elements (in wt %) 

Mineral 
OH,* 

Ni 	Fe 	Pb 	Al 	Si - Ca 	K 	As 	S 	0.42 	Remarks 

Illite 	 1.3 	7.0 	 11.3 	20.3 	2.9 	 2.2 	54.0 	adjacent to gersdorffite 
Illite 	 0.6 	5.2 	 12.7 	21.5 	0.7 	3.8 	4.6 	0.3 	50.6 	inclusion in pyrite 
Goethite 	 1.2 	57.5 	 3.0 	6.1 	0.4 	0.8 	 31.0 	edge of pyrite 
Uraninite 	 72.4 	 0.1 	13.8 	 0.1 	 0.8 	12.8 	av of 7 spots** 
U-phase 1 	 59.3 	 18.5 	 1.8 	 1.6 	18.8 	veinlets at centre of uranium 
U-phase 2 	 45.8 	1.9 	1.2 	31.7 	 1.3 	3.3 	6.1 	1.6 	7.2 	veinlets near grain edge 
U-phase 3 	 36.8 	2.0 	1.5 	34.7 	 1.6 	3.2 	5.6 	2.0 	12.6 	veinlets at grain edge 
Pyrite 	 2.1 	43.5 	 3.5 	51.0 
Millerite 	 62.0 	1.4 	 36.6 
Altered millerite 	 31.3 	5.2 	 7.3 	1.0 	 25.2 	30.0 
Gersdorffite 	 33.6 	 49.5 	18.3 
Rammelsbergite 	 27.5 	 72.5 
Alteration products 

Type 1(a) 	 0.5 	25.3 	0.4 	 0.7 	2.8 	28.4 	0.1 	41.8 	av of 11*** 
Type 1(b) 	 9.6 	 2.4 	35.4 	 52.6 	on quartz 
Type 2 	 1.7 	1.1 	2.7 	37.5 	4.4 	1.9 	0.6 	 6.9 	43.2 
Type 3(a) 	 25.8 	1.1 	1.5 	10.2 	 8.5 	2.5 	 0.8 	49.6 	on galena 
Type 3(b) 	 8.2 	13.2 	1.0 	 2.5 	0.8 	24.0 	12.4 	37.8 	matrix matrial, av of 6**** 
Type 4 	 0.1 	28.3 	7.6 	4.2 	0.1 	0.3 	0.2 	1.1 	41.1 	17.0 	av of 4***** 

*by difference; **range: U 70.8-75.6, Pb 8.8-16.0, S 0-1.5 wt %; ***range: U 0-1.2, Ni 21.6-30.0, Fe 0-1.8, Si 0.2-1.6, Ca 1.0-4.1, 
As 23.3-33.4, S 0-1.0 wt %; ****range: U 4.6-12.4, Ni 12.4-14.4, Fe 0.6-1.3, Si 2.0-2.8, Ca 0.6-0.9, As 23.5-24.1, S 11.7-13.2 wt %; 
*****range: U 0-0.5, Ni 21.6-35.0, Fe 3.9-12.0, Pb 0-10.1, Al 0-0.4, Si 0-0.6, Ca 0.2-0.3, As 0-2.4, S 37.9-42.3 wt % 
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The chlorite, like illite, is present as minute grains, lumps and coatings on other minerals. The chlo-
rite in the lumps and coatings is mboed with illite, sulphates and arsenates. Hence, like illite, it is at 
sites where reaction was occurring. 

Oxide Minerals 

Rutile, ilmenite, hematite and magnetite are present both as separate particles and as inclusions in 
silicates. No alteration of these minerals was observed; hence, their properties were not studied. The 
quantities of rutile, ilmenite and hematite plus magnetite were, however, determined (see section on 
mineral quantities). 

The presence of minor amounts of goethite on the edges of some pyrite particles indicates alteration 
to goethite. Microprobe analysis of goethite that occurs on the edge of a Ni— and As—bearing pyrite 
particle is given in Table 2. 

Uraninite is present in most samples as separate particles, some of which are coated with arsenates, 
sulpharsenates and sulphates (Fig. 2C and 2D). The boundary between uraninite and the coating is 
irregular, which suggests that there was reaction at the uraninite surface. The average of seven EDXA 
analyses of uraninite is, in wt %, U 72.4 and Pb 13.8, range U 70.8-75.6 and Pb 8.8-16.8 (Table 
2). The uraninite contains veinlets of three U—bearing phases (Fig. 2E). The phase in veinlets near 
centres of uraninite grains contains, in wt %, U 59.3 and Pb 18.5 (Table 2); the phase in veinlets 
towards the edges of uraninite grains contains, in wt %, U 45.8 and Pb 31.7; and the phase in vein-
lets at the edges of the gains contains, in wt %, U 36.8 and Pb 34.7 (Table 2). The U—bearing vein-
lets in uraninite are interpreted as original minerals in the ore rather than lysimeter alterations. 

Sulphides, Sulpharsenides and Arsenides 

The sulphides, sulpharsenides and arsenides are present as separate particles and as inclusions in sili-
cate minerals. Some particles are coated with arsenates, sulpharsenates, sulphates and clay minerals. 
The boundary between the grain surface and coating is smooth for some grains (Fig. 2F) and cor-
roded for others (Fig. 3A). The corroded grain boundaries indicate reactions at the grain interface. 

Only small amounts of sphalerite and chalcopyrite are present, but a few grains are coated with arse-
nates and sulpharsenates. The presence of a sharp boundary between the mineral and coating is in-
terpreted to indicate that there is no appreciable reaction at the mineral surface, and that the coating, 
in essence, represents a depositional phase rather than an in—situ reaction product. 

Galena is present in most samples as separate particles and as inclusions in silicate minerals. Some 
galena particles are coated with arsenates, sulpharsenates, sulphates and U—Pb oxides (Fig. 2F and 
3A), and the grain boundary between the galena and coating is corroded in some places. The corro-
sion indicates that there is some reaction at the grain surfaces of galena. 

The pyrite also occurs as separate particles and as inclusions in silicate minerals. A few particles are 
coated with arsenates, sulphates, clay minerals and goethite. The grain boundaries between the pyrite 
and coatings are sharp (Fig. 3B) to slightly corroded (Fig. 3C), which indicates that very little reaction 
took place on the pyrite grain surfaces. Compositions obtained from most of the pyrite grains give 
about 2 wt % Ni and 3 wt % As (Table 2), and higher amounts in some places (Fig. 3D and 3E). 
The pyrite grain boundaries in some pyrite particles are delineated (Fig. 3F and 4A) to an unusual 
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Fig. 3A — BSE photograph of galena with a coating of Type 1(a) alteration product (note irregular 

boundary between galena and alteration product). 

Fig. 3B — BSE photograph of pyrite with a coating of Type 1(a) alteration product (note sharp bound-
ary between pyrite and coating). 

Fig. 3C — BSE photograph of pyrite with a coating of both Type 1(a) alteration product and goethite 
(not differentiated in photograph). The boundary between pyrite and goethite is irregular. 

Fig. 3D — BSE photograph of a pyrite grain containing 2 wt % Ni and 3 wt % As. The darkest parts 
of the grain do not contain Ni or As, and the white parts have higher As contents. 

Fig. 3E — BSE photograph of a zoned pyrite grain. The white areas are pyrite that is enriched in As 
and contains detectable (by EDXA) amounts of U. The pyrite in the grey areas contains 
detectable As, whereas the pyrite in the dark grey area does not. 

Fig. 3F — BSE photograph of pyrite with delineated grain boundaries. 
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degree. The delineation could have occurred by alteration in the lysimeter, or it may be due to the 
occurrence of pyrite in a U—bearing orebody. EDXA analyses indicate that the spaces between the 
pyrite grains contain trace amounts of illite. A minor amount of the pyrite at the particle edges has 
altered to goethite. 

A few clusters of prismatic millerite grains were found (Table 2). The millerite has been either partly 
replaced by or altered to a Ni sulphate (Fig. 4B and Table 2). It is possible that Si detected in the 
Ni sulphate is due to impurities, although this is difficult to ascertain since the grains are small and 
too poorly polished to obtain good analyses. 

Gersdorffite is the most common As—bearing mineral in the samples. It occurs as separate particles 
and as inclusions in silicate minerals. Some particles are bordered by layers of arsenates, sulphar-
senates, sulphates and clay minerals. Many of the gersdorffite grain edges are corroded by Ni arse-
nates, and remnants of gersdorffite are present in the Ni arsenate coatings (Fig. 4C). In addition, 
minute inclusions of gersdorffite are present in massive illite that is adjacent to large gersdorffite grains 
(Fig. 2B). EDXA analyses indicate that the gersdorffite is slightly As—rich (Table 2). 

A few grains of rammelsbergite and nickeline were found. Some are coated with Ni arsenates but it 
was not determined whether the rammelsbergite and nickeline have been altered. 

Sulphates, Arsenates and Sulpharsenates 

Ca sulphate is common in the samples. It is present as minute grains associated with very fine 
grained particles of silicate minerals, commonly as a cementing medium. A few white crystals were 
precipitated on the surface of the material in the lysimeter. Semiquantitative spectrographic analyses 
by ORF (1) show that they are Ca sulphate. A minor amount of barite, identified by XRD, was 
found as lumps of greenish material at the surface of the lysimeter. 

Arsenates, sulpharsenates and sulphates were formed by oxidation of gersdorffite, uraninite, galena 
and pyrite, and subsequent precipitation of released ions as coatings or layers on most mineral grains, 
particularly on gersdorffite and uraninite. The coatings (alteration products) were classified into four 
types on the basis of composition. 

Type 1(a) is the most common alteration product. It occurs as a coating on every mineral (Fig. 2C, 
2D, 2F, 3A, 3B, 3C, 4C and 4D), but only a few particles of each mineral are coated. The average 
composition, determined by analyzing 11 grains with quantitative EDXA, is reported in Table 2. The 
Ni:As ratio (in atomic proportions) is about 1:1, and the phase contains a minor amount of Ca and 
trace amounts of Si, U, Fe and S. The phase is, therefore, a Ni arsenate, probably hydrous. In a 
few places the outer edge of Type 1(a) coating on gersdorffite is enriched about 5 wt % in As, and 
depleted about 5 wt % in Ni. 

Type 1(b) alteration product is also a Ni arsenic phase (Table 2), but the Ni:As ratio (in atomic pro-
portions) is 1:3; hence, it is a Ni triarsenate, probably hydrous. The Ni triarsenate was found only as 
a coating on quartz. 

Type 2 alteration product occurs as an outer layer on Type 1(a) coating on uraninite and gersdorffite 
(Fig. 4D), and as a coating on silicate grains. EDXA analyses show that it is a Pb sulphate that con-
tains some Fe, Si, Al, U, Ni, Ca and As (Table 2), and XRD analysis gives the pattern of Pb sul-
phate (anglesite). 
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Fig. 4A — BSE photograph of pyrite with delineated grain boundaries. 

Fig. 4B — BSE photograph of millerite coated or panly replaced by Ni sulphate. 

Fig. 4C — BSE photograph of gersdorffite bordered by Type 1(a) alteration product. Note irregular 
boundary between gersdorffite and alteration product. 

Fig. 4D — BSE photograph of uraninite bordered by a layer of Type 1(a) alteration product, which is 
in turn bordered by Type 2 alteration product. 

Fig. 4E — BSE photograph of several particles cemented by Type 3(b) alteration product into a large 
panicle. The large particle has a border of Type 4 alteration product (Ni sulphate) at the 
right side. 

Fig. 4F — High magnification of part of the panicle shown in Figure 4E. The inclusions in Type 3 
alteration product are bordered by Type 1(a) alteration product. 
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Type 3(a) alteration product, found as a coating on gersdorffite, is a U—Pb—Si oxide with minor 
amounts of Ca, Fe, Ni and S (Table 2). 

Type 3(b) alteration product is also U—bearing, but is a U—Ni sulpharsenate. It occurs as matrix ma-
terial between gersdorffite, galena, pyrite, silicate minerals, etc. (Fig. 4F). Some of the gersdorffite 
and galena inclusions in the Type 3(b) alteration product are coated with Types 1(a) and 2 alteration 
products (Fig. 4F). 

Type 4 alteration product occurs as a coating on particles composed of Type 3(b) alteration product 
(Fig. 4E), on lumps of clay minerals, and as separate grains. The average composition from four 
EDXA analyses shows that the Type 4 alteration product is a Ni—Fe sulphate with impurities of Pb, 
As, Si, Ca, Al and U (Table 2). The Ni+Fe:S ratio (in atomic proportions) is approximately 1:2. 
Green crystals occasionally develop on the surface of the material in the lysimeter. Semiquantitative 
spectrographic analyses by ORF (1) show that the major elements are Ni and S; hence, the green 
crystals are Type 4 alteration product. 

Interpretations of Mineral Reactions in Lysiméter 

The mineralogical study suggests that gersdorffite, uraninite, galena and pyrite reacted in the lysimeter, 
and that some of the released ions precipitated. Textural analyses indicate that a Ni arsenate [Type 
1(a) alteration product] precipitated first, and was followed by a Ni triarsenate [Type 1(b)]. A Pb 
sulphate (Type 2) precipitated next, and was followed by a U—Pb—Si oxide [Type 3(a)] and a U—Ni 
sulpharsenate [Type 3(b)]. The final precipitate was a Ni sulphate (Type 4). 

It is interpreted, from the mineralogical observations, that gersdorffite reacted first and released Ni, 
As and S. The Ni and As were precipitated on all particles as coatings of Ni arsenates and triar-
senates. It is probable that the released S acidified the water to a small degree (from pH 7 to 5.9), 
which in turn reacted with galena and uraninite. Some of the alteration products remained in situ, 
but most of the released ions were transported and either precipitated as alteration products on other 
particles or washed away in the discharge water. The released Pb precipitated on all particles as a 
coating of Pb sulphate. On the other hand, the released U precipitated as a U—Pb—Si oxide, which 
coated all particles, and as a U—Ni sulpharsenate, which cemented adjacent particles. The remaining 
Ni precipitated as Ni—Fe sulphate. With the slightly increasing acidity, the pyrite began to oxidize and 
release Fe; some of the Fe precipitated as goethite. 

MINERAL QUANTITIES 

Mineral quantities were determined with the MP—SEM—IPS image analysis system (2) to assess (a) the 
degree of reactivity of gersdorffite, uraninite, galena and pyrite, (b) the extent of precipitation of arse-
nates, sulpharsenates, sulphates and U—Pb—Si oxides, and (c) the movement of the minute grains, par-
ticularly clay minerals, by the washing efféct in the lysimeter. The screened fractions and the sink 
and float sub—fractions were analyzed (Tables 3, 4, 5 and 6), and the data were combined into data 
for each sample on the basis of the wt % of each fraction and sub—fraction (Table 7). The results do 
not show obvious trends for the mineral distributions and suggest that the tailings is a heterogeneous 
mixture. 

A technique that emphasizes anomalies (3) was used to evaluate the mineral quantity data by produc-
ing patterns that show zones of relative mineral enrichment and depletion. The technique relates the 
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1.9 
7.0 
8.1 
0.9 

16.5 
2.7 
8.9 

22.5 
0.7 
3.5 

17.4 
3.5 
6.4 

100.0 

0.7 
10.8 
3.9 
0.6 

10.6 
0.7 
3.5 

15.1 
1.2 
5.0 

14.0 
10.5 
23.4 

100.0 

0.6 
4.9 

13.7 
0.5 
4.9 
0.3 
3.3 

13.9 
1.1 
4.4 
9.2 

18.6 
25.3 

100.0 

Table 3 - Mineral quantities* in +74 micrometre, 3.33 sink sub-fractions 

/filnatals 
B - 1.5 	 B - 5 	 B - 8.5 	 E - 5 	 H-1.5 	 H-8.5 	 J - 5  

Tcp Ifid Ebt. 7tip Mid  at  'Bop Mid  at  lip Mid Ect 'Itp Mid Bot `Rip Mid  at  'rep Mid Bot Ave 	Cc 

Silicates** 
Zirccn 
Alteraticn predicts gypes 1-3) 
Alteration predict pipe 4) 
Rutile 
rinienite 
FÉffeite 4-  nagraite 4-  çpethite 
Pite  
Craloopyrite 
Sphalerite 
Galena 
Uraninite 
Gats1cffite 
Uttal 

3.7 	2.0 	0.9 
3.1 	8.8 	4.9 
2.7 	5.7 	4.3 
0.5 	0.4 	0.3 
5.0 	9.0 	9.1 
1.7 	2.6 	1.1 

11.5 10.3 	4.2 
7.9 29.8 15.1 
0.5 	1.6 	2.5 
4.8 	5.6 	3.4 

17.9 14.5 	5.0 
36.1 	1.8 10.9 
4.6 	7.9 38.3 

100.0 100.0 100.0 

7.6 18.0 
0.03 2.2 

	

7.6 	1.8 

	

0.3 	0.3 

	

10.1 	8.8 

	

0.9 	3.2 

	

10.7 	9.3 

	

22.8 	8.1 

	

3.9 	1.6 

	

5.9 	4.6 

	

9.3 	2.9 

	

9.3 	5.0 
11.6 34.2 

100.0 100.0 

2.8 	3.2 	1.5 	1.6 	1.9 47.2 	4.4 52.7 57.3 	10.6 	2.9 
9.0 	4.9 	7.0 10.2 12.5 	3.3 	2.8 	1.1 	0.7 	5.4 	4.6 
7.3 	3.3 	3.9 	1.0 	1.2 	1.2 11.4 	0.2 	0.8 	4.9 	2.8 
0.2 	0.6 	0.9 	1.0 	0.04 0.0 	0.0 	0.0 	0.0 	0.4 	4.6 

12.4 	8.8 	5.2 11.3 26.3 	5.1 	6.8 	0.0 	0.4 	8.3 	4.2 
0.6 	1.5 	0.6 	2.1 	1.4 	4.6 	2.0 13.4 12.6 	2.7 	4.8 
7.4 10.2 	3.5 	7.8 	8.0 28.6 	8.9 31.4 27.5 	10.8 	5.5 

15.9 10.3 18.3 18.5 22.4 	3.9 10.7 	0.4 	0.3 	13.3 	5.0 
2.8 	1.2 	1.1 	1.3 	4.9 	0.5 	0.3 	0.0 	0.4 	1.5 	4.3 
6.4 	2.6 	5.8 	4.4 	5.9 	1.1 	6.9 	0.2 	0.02 	4.2 	4.1 
9.7 	9.0 19.7 18.1 13.2 	0.5 23.0 	0.6 	0.0 	12.1 	7.5 

11.4 27.6 	8.1 	4.6 	0.7 	0.1 16.4 	0.0 	0.0 	12.8 	7.5 
14.1 16.8 24.4 18.1 	1.6 	3.9 	6.4 	0.0 	0.0 	13.0 	6.0 

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

*q_antitiszs in wt % = areal frecticn determinsd by illECfr analysis, calculated to  t  %  usina  p=rific grrva ity cf n-d=als 
*.suicatEs = quartz, plagicclase, 	 illite, chlorite, hictite, rtusawite, earicite, a[phiboles, n/roxene, titanite, and includes calcite  and gypsun 



Table 4 - Mineral quantities* in +74 micrometre, 3.33 fl oat sub-fractions 

B - 1.5 	 B - 5 	 B - 8.5 	 E - 5 	 H - 1.5 	 3-8.5 	 J - 5 	 SP- 
Nfrecals' 	 Ttp Kid Dot Ibp Mid Pot Ubp Mid Bob TcpSlidBdc ribp Mid apt. Up Mid Pot Tcp  Mid Pct. ik,e 	Cr 

Q.artz + plagioclase 	 98.0 96.0 84.6 96.9 95.1 94.2 89.7 94.3 93.4 97.4 94.4 72.0 83.4 90.5 91.7 85.7 90.2 53.9 67.2 51.0 32.2 83.4 2.65 
K-feadspar + calcite 	 4.7 	- 	- 	0.03 0.2 	0.5 	2.7 	4.4 	3.0 	5.7 	4.2 43.1 25.1 47.7 	1.1 	6.8 2.7 
MIEbos** 	 0.3 	1.3 	1.6 	0.9 	1.7 	3.8 	1.1 	3.2 	- 	9.6 	- 	0.1 	0.1 	0.1 	0.1 	0.1 	0.2 	1.1 	0.4 	1.2 2.9 
PEca (Truwcvite + sedate) 	 1.3 	2.1 12.2 	2.3 	2.3 	1.4 	2.0 	3.1 	2.1 	1.1 	4.0 17.4 10.4 	4.1 	4.1 	6.3 	4.7 	2.5 	7.0 	0.1 66.0 	7.4 2.7 
Zircon 	 - 	0.02 0.05 0.17 0.03 - 	- 	0.09- 	0.2 	0.1 	0.1 	0.1 	- 	- 	- 	- 	- 	- 	- 	0.01 0.04 4.6 
AIteraticrignébots +gypsum 	0.2 	0.4 	0.2 	0.2 	0.5 	0.2 	2.9 	1.3 	0.3 	0.8 	1.1 	0.1 	3.1 	0.6 	0.7 	1.8 	0.6 	0.4 	0.3 	0.02 0.2 	0.8 2.8 
Putile 	 - 	0.02 0.04 0.03 0.05 0.01 0.01 0.1 	0.3 	0.04 0.01 0.03 0.01 0.02 0.1 	0.1 	0.1 	0.01 0.1 	0.1 	0.1 	0.1 4.2 

- 	- 	- 	0.01- 	- 	- 	- 	- 	0.04- 	- 	- 	0.01- 	0.01- 	0.02 0.01- 	- 	0.014.8 
haratite +nagnerite + gcethibe 	- 	0.03 - 	- 	0.01 0.1 	0.01 - 	0.01 - 	- 	0.2 	0.2 	0.2 	0.04 - 	0.01 0.01 0.01 0.01 0.01 	.04 5.5 
Pyrite 	 - 	- 	0.03 	.1 	- 	0.01 0.01 - 	0.02 - 	0.01 0.02 0.02 - 	0.03 - 	0.01 0.01 0.01 0.03 0.01 0.02 5.0 
Cblena+ ephal. + cialogoyrite 	0.01 0.06 0.1 	0.2 	0.1 	0.04 0.6 	- 	- 	0.2 	0.1 	0.02 0.05 0.03 0.1 	0.2 	0.04 - 	0.02 - 	0.02 0.1 6.0 
Uraninite 	 0.05- 	- 	0.01- 	0.1- 	- 	0.2 	- 	- 	0.1 	0.03 0.1 	- 	- 	- 	- 	- 	- 	0 	7.5 

0.1 	0.1 	1.2 	0.2 	0.2 	0.2 	0.04 - 	0.5 	0.2 	0.05 0.01 0.01 0.02 0.01 0.1 	0.04 0.01 0.06 - 	- 	0.10 6.0 
2ttal 	 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

*cpmtities in wt % = areal fr--ticn determined by irraz analysis, and calculatei  to wt % using %Pacific gravities 
**Trafics = pyroxere, arphilooles, bictite, chlorite cud titanite 



Table 5 - Mineral quantities* in 12-74 micrometre fractions 

B - 1.5 	 B - 5  	3- 8.5 	 E - 5 	 H - 1.5 	 H - 8.5 	 3 - 5 	 Sp. 
KirErals 	 TCLD Mid Ett Top Mid Bot ltp Mid Bot Ulp Mid Bot Tpp Mid Pot 'Itp Mid Bot Ubp Mid Bot Ave 	Ct 

Silicates** 	 84.9 84.2 75.2 74.2 75.8 82.4 87.6 93.9 72.7 86.8 90.5 1.1.7 93.8 93.8 93.6 95.6 95.6 95.4 95.9 95.1 96.5 	88.2 	7.7 
Zircii 	 0.8 	0.5 	0.9 	0.2 	0.5 	1.6 	1.3 	0.3 	0.3 	0.2 	0.5 	0.3 	0.04 0.1 	0.05 0.2 	1.0 	0.2 	0.3 	0.1 	0.1 	0.5 	4.6 
AlteraticnprcciL-ts (lypes 1-3) 	1.7 	2.8 	1.4 	1.8 	2.0 	0.6 	2.6 	1.1 	2.0 	4.5 	1.4 	0.8 	1.8 	0.3 	0.6 	1.6 	1.1 	0.3 	1.0 	1.6 	1.4 	1.5 	2.8 
Alteraticriptcdet (lype 4) 	0.1 	- 	0.1 	0.02 - 	- 	- 	0.02 - 	0.1 	0.05 0.01 0.1 	0.03 0.03 0.1 	0.05 0.2 	- 	0.01 - 	0.04 4.6 
Piitile 	 0.9 	0.3 	0.5 	0.2 	0.9 	0.04 0.9 	1.2 	0.8 	1.2 	1.6 	1.5 	0.9 	0.7 	1.6 	0.7 	0.5 	0.9 	0.9 	0.6 	0.2 	0.8 	4.2 
Ilwenite 	 0.04- 	- 	- 	- 	- 	- 	- 	- 	0.2 	0.2 	0.2 	- 	- 	- 	0.1 	0.01 0.1 	0.04 0.03 0.5 	0.1 	4.8 
}ratite 4.nareatite 4-çpethite 	1.7 	1.2 	1.4 	0.7 	0.6 	0.5 	0.5 	1.3 	0.7 	0.3 	0.9 	0.2 	0.6 	1.4 	0.8 	0.5 	1.0 	0.8 	0.4 	0.8 	1.3 	0.8 	5.5 
Pyrite 	 0.7 	1.2 	2..13 	0.9 	2.4 	1.2 	0.9 	0.5 	1.6 	1.4 	1.8 	1.1 	1.3 	0.7 	0.5 	0.5 	0.4 	0.5 	0.3 	0.3 	0 	1.0 	5.0 
Chalccpyrite 	 0.4 	0.1 	0.8 	0.4 	0.4 	0.4 	0.2 	0.6 	0.2 	0.2 	0.6 	0.3 	0.1 	0.3 	0.5 	0.03 0.1 	0.6 	0.1 	0.1 	- 	0.3 	4.3 
Spbalerite 	 0.4 	0.4 	0.05 0.3 	0.2 	0.4 	0.5 	0.1 	0.5 	0.3 	0.1 	0.2 	0.3 	0.05 0.03 0.1 	0.1 	0.1 	0.02 0.08 - 	0.2 	4.1 
Galetia 	 2.2 	0.9 	0.2 	0.9 	0.9 	1.4 	1.1 	0.1 	1.0 	0.9 	0.8 	0.4 	0.6 	0.3 	0.01 0.1 	0.1 	0.3 	0.2 	1.1 	0 	0.6 	7.5 
Uraninite , 	 1.4 	- 	0.6 	0.8 	- 	0.7 	- 	- 	0.2 	1.3 	0.1 	0.020.2 	0.7 	0.2 	- 	- 	0.050.1 	- 	- 	0.3 	7.5 
Cers±rEite 	 1.5 	0.1 	6.8 	0.6 	1.1 	8.9 	0.3 	0.1 	1.8 	1.5 	1.4 	6.3 	0.1 	1.5 	2.1 	0.5 	- 	0.6 	0.3 	- 	- 	1.7 	6.0 
Femelsbaccjte+Nickelina 	 3.3 	8.3 10.1 19.0 15.2 	1.9 	4.1 	0.8 18.2 	1.1 	0.01 - 	0.2 	0.1 	- 	- 	0.03 - 	0.4 	0.2 	- 	4.0 	5.5 
attal 	 100.0 100.0 100.0 100.0 103.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 10020 100.0 

Ivpantities in lAt. % = areel fracticn deternined  1y irae analysis, and calculated to lat. % using specific gravities 
**silicate  minexals = quartz, plaginclase, K-felckicer, nuscavite, seriate,  1 lite,  chlorite, aiphibules, pyroxere, bictite, tibanite and ircludes celcite and <main 



Table 6 - Mineral quantities* in 12-74 micrometre fractions 

B - 1.5 	 B - 5 	 B - 8.5 	 E - 5 	 H - 1.5 	 H - 8.5 	 J - 5 	 SP- 
Minsrals 	 'Itp Mid Bot. `fir,  Mid  Bob 'Itp Kid Bob  ltp  Mid Bot 'Pop Mid Bot 'Itp Mid Ect 'Itp Mid Bot Ave 	Cr 
Q.Jartz +p3acjirclase 	 26.0 30.4 	0.02 7.0 15.7 23.8 	0.2 	0.3 	0.2 	8.8 19.9 19.6 	6.5 	0.4 	2.7 21.8 17.4 27.6 17.0 24.4 18.4 13.7 2.65 
K-feldapar+ calcite 	 '6.0 10.3 	4.1 21.1 17.6 	9.7 	2.7 	2.2 	6.1 25.6 29.1 27.2 	0.8 13.1 	4.3 16.2 23.2 29.2 32.5 20.6 	3.0 14.5 2.60 
Mafics 	 2.2 	0.6 	0.8 	6.4 	3.5 	2.3 	0.4 	0.3 	1.1 10.8 	3.8 	1.8 	- 	5.4 	0.9 	7.9 	6.4 	5.7 	7.8 	2.9 	1.7 	3.5 2.90 
hfra (nrsowite) 	 3.9 	2.5 47.4 15.1 18.7 	4.5 19.9 19.0 -23.2 20.0 12.2 	5.2 	- 	10.4 21.0 19.9 14.0 11.3 11.5 	7.3 	0.04 13.7 2.9 
Zircon 	 - 	- 	0.020.3 	- 	0.7 	- 	0.2 	0.4 	0.3- 	- 	0.9 	0.1 	3.7 	- 	0.5 	1.5 	0.6 	- 	- 	0.4 4.6 
Alteratimprodicts 	 13.1 17.6 	5.4 12.8 11.7 21.2 10.5 12.4 	7.9 	8.2 	7.6 	6.2 19.6 	7.3 11.9 10.1 	8.1 	4.9 	5.7 	7.5 	1.3 10.0 2.0 
%tile 	 - 	- 	0.4 	- 	- 	- 	0.2 	- 	0.1 	- 	- 	- 	- 	0.6 	0.4- 	- 	- 	- 	- 	- 	0.1 4.2 
Beatite+necylatite+gzethite 	1.4- 	- 	0.3 	- 	- 	- 	0.6 	0.8 	- 	- 	- 	- 	0.2 	0.1 	0.3 	- 	- 	0.4 	- 	0.2 	0.2 5.5 
jrite 	 - 	- 	0.03 0.5 	1.9 	- 	0.6 	- 	- 	4.0 	- 	- 	- 	0.2 	- 	0.6 	2.1 	2.2 	1.9 	3.9 	0.2 	0.9 5.0 

Galena 
 

0.3- 	0.04- 	- 	3.2 	- 	- 	0.04- 	- 	0.8 	- 	- 	- 	- 	0.4 	- 	0.1 	- 	- 	0.2 7.5 
Uraninite 	 - 	- 	0.05- 	- 	- 	- 	- 	0.1 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	- 	0.017.5  
Garstbrff.ite 	 0.6 - 	0.1 	- 	- 	- 	0.3 	- 	- 	- 	- 	- 	- 	- 	0.7 	- 	- 	- 	- 	- 	- 	0.1 6.0 
Nidcelire 	 - 	- 	0.05- 	- 	- 	9.0 	1.7 	2.4- 	- 	- 	2.7 	- 	- 	- 	- 	- 	- 	- 	- 	0.8 7.1 
Ubtal 	 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Tllite ratio (ep 	 0.7 	1.6 	1.0 	1.9 	1.0 	0.9 	1.0 	1.0 	1.0 	0.9 	0.8 	0.8 	0.8 	2.0 	0.9 	0.9 	0.9 	0.9 	0.9 	0.9 	0.2 
Chlcrite ratio (XRD) 	 1.0 	1.0 	1.0 	1.5 	0.6 	0.9 	1.0 	1.0 	1.0 	1.2 	0.9 	0.7 	1.2 	1.0 	0.7 	1.2 	0.7 	0.9 	1.4 	0.9 	0.9 

1qm/t1t:pas in wt % = areal eractirri determined by irreep analysis, arrl cakulated to wt % using' qoacific graviti 



Table 7 - Mineral quantities* in samples 

3 -5 	 B - 8.5 E - 5 	 H - 1.5 H - 8.5 	 J-5 3 - 1.5 

Knarals 	 '1tp Mid Bot itp Mid 3±  Itp  Mid Bot Top Mid Bot 'Itp Mid Bot Itp Mid Bot Top 1,U.d Ect Ave 

Si1icates** 	 86.7 85.6 81.5 86.9 86.5 85.7 81.0 81.3 83.5 81.3  82.7 73.6 44.8 52.5 46.7 66.6 68.8 77.9 73.9 70.8 	56.2 74.0 
Clay ardndoa 	 10.6 11.2 14.8 10.4 10.9 	9.9 15.4 16.2 13.2 13.8 14.6 22.4 51.2 44.5 42.9 27.5 26.2 17.6 22.8 26.0 	42.0 22.1 
Zircon 	 .1 	.1 	.1 	.2 	.1 	.3 	.2 	.1 	.2 	.2 	.1 	.1 	.5 	.1 	2.2 	.01 	.5 	.9 	.4 	.02 	.1 	0.3 
Plter-eiongtobcts 	 .5 	1.3 	1.0 	.7 	.8 	.7 	1.8 	1.6 	.9 	2.0 	1.2 	1.6 	2.3 	1.1 	6.2 	4.0 	2.7 	1.7 	1.0 	.6 	.4 	1.6 
Ratile 	 .1 	.2 	.2 	.1 	.2 	.1 	.2 	.3 	.4 	.2 	.3 	.3 	.7 	.5 	.6 	.7 	.1 	.2 	.2 	:1 	.1 	.3 
Haffatite +nag. + Limn. çcethite 	.5 	.2 	.2 	.1 	.1 	.1 	.2 	.3 	.2 	.1 	.3 	.2 	.2 	.4 	.2 	.3 	.2 	.2 	.3 	.2 	.6 	.2 
PYrite**k 	 .2 	.2 	.2 	.3 	.7 	.2 	.3 	.1 	.3 	1.4 	.3 	.2 	.1 	.3 	.1 	.6 	1.3 	1.3 	1.1 	2.1 	.2 	.6 
Galena 	 .5 	.2 	.2 	.8 	.3 	.8 	.7 	.1 	.2 	.3 	.2 	.3 	.1 	.1 	.1 	.2 	.2 	.1 	.1 	.2 	.4 	.3 
Uranintba 	 .5 	.01 	.7 	.3 	.03 	.811.1 	.01 	.3 	.3 	.04 	.02 	.05 	.2 	.1 	.04- 	.01 	.05- 	 .2 
Gecsdorffite**** 	 .3 	.041.1 	.2 	.4 	1.4 	.1 	.01 	.8 	.4 	.3 	1.1 	.03 	.3 	.9 	.1 	.01 	.1 	.1 	- 	 .4 
qttal 	 100.5 100.0 100.0 100.0 100.0 100.0 100.0 100.4 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

,'.quantities in wt % detendned ly oadoining values frcrn  9 *)1 es 3 to 6 cn bas.is cEE %eicht niE each frwticn 
**irrludas clartz, plagicclase, K-feldspar, chlorite, biotite, alphitoles, piroxere, titanite, calcite arl gpeun 

***inclu2es sphalerite, chalou/rite, ndflite, Ni sulpiate alteration 
***includes racrrel±engite cud nideLtœ 
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quantity of a mineral in a sample to the average quantity of the mineral in all samples, and to the 
quantity of all other minerals in the sample. A new number is thereby generated for each mineral in 
each fraction. The values of the number for the samples from drill cores B-1.5, B-5, B-8.5, E-5, 
H-1.5, H-8.5 and J-5 were plotted on three plans, top, middle and bottom, and contoured to show 
zones of enrichment (black) and depletion (radiating lines). The following trends were observed: 

1. For the +74 gm, 3.33 sink sub—fractions (Fig. 5), the distributions of ilmenite, Fe coddes, rutile, 
chalcopyrite, pyrite, sphalerite and zircon are similar. The similarity suggests that the distribution 
patterns produced by these minerals represent the distributions of the unaltered, +74 gm, heavy 
minerals in the lysimeter. 'These results show that, in accordance with the mineralogical observa-
tion, pyrite alteration is insignificant. 

2. For the +74 gm, 3.33 sink sub—fractions, the distribution patterns for the alteration products 
(Types 1-3) are similar to the distribution patterns for the unaltered heavy minerals. This similar-
ity is expected since the alteration products precipitated on grains of all minerals. 

3. For the +74 gm, 3.33 sink sub—fractions, the distibutions of gersdorffite, uraninite and galena are 
different from those of the unaltered heavy minerals. 

a. The greatest difference is for gersdorffite, which shows relative depletion at the top, middle 
and bottom of the cores at the discharge end of the lysimeter. High amounts of gersdorffite 
remain at the bottom at the intake end. 

b. Uraninite also shows relative depletion at the middle and bottom of the cores at the discharge 
end. A significant amount of the mineral remains at the bottom of the cores at the intake 
end. 

c. Some relative depletion of galena is evident at the bottom of the cores at the discharge end, 
and a high amount remains at the bottom at the intake end. 

These distributions suggest that, under the lysimeter conditions, gersdorffite is the most reac-
tive mineral and, along the entire water course, is partly to completely altered. Uraninite is 
less reactive and was altered only in the middle and bottom of the lysimeter. Galena was the 
least reactive and was altered only where all the wash water had collected before discharge. 

4. The distributions of minerals in the 12 to 74 p.m and +74 gm, 3.33 float sub—fractions do not 
show any trends. 

5. For the —12 gm fraction (Fig. 6), the same distribution was obtained for clay minerals (illite) by 
EDXA as for illite and chlorite by an independent XRD analysis by ORF. This gives confidence 
in both sets of analyses. 

6. For the —12 p.m fraction, the clay minerals, chlorite, quartz, orthoclase, plagioclase and mafic 
minerals are depleted in the top and middle sections of the cores and enriched at the bottom at 
the discharge end, presumably because they were washed from the top and trapped at the dis-
charge end. 



a 

h7-7-1 

TOP MID BOTTOM 

Pi  

1 

ri 

r•-•111.1 
TOP 

n  
NID 

ri 
BOTTOM 

LTRANINITE 

GERSDORFFITE 

GALENA 

ALTERATION PROD . 
(types 1 - 3 ) 

SPHALERITE 

PYRITE 

ALTERATION PROD . 
(type 4 ) 

CHALCOPYRITE 

RUTILE 

IRON OXIDES 

ILMENITE 

Z IRC ON 

Fig. 5 — Patterns showing enrichment (black) and depletion (radiating lines) for minerals in +74 tim, 3.33 specific gravity sink sub—fractions 

from samples at the top, middle and bottom of lysimeter. 



•- 

MID 

Li 

TOP BOTTOM 

ift 

TOP 

rm D  

d 

BOTTOM 

IRON OXIDES 
plus ILMENITE 

SILICATE MINERALS 
(excluding clay minerals 

and mica) 

ORTHOCLASE 

QUARTZ plus PLAGIOCLASE 

MAFIC MINERALS 

ALTERATION PRODUCTS 

PYRITE 

CLAY MINERALS 

ILLITE (XRD) 

CHLORITE (XRD) 

MUSCOVITE 

Fig. 6 — Patterns showing enrichment (black) and depletion (radiating lines) for minerals in —12 gm fractions from top, middle and bottom 
of lysimeter. 



20 

CONCLUSIONS 

1. The tailings pile in the lysimeter is a heterogeneous mixture of minerals. 

2. The distributions of non—reactive heavy minerals are nearly identical. Deviation by a heavy min-
eral (gersdorffite, uraninite and galena) from the above—noted distribution is interpreted to be 
caused by the simulated weathering. 

3. During simulated weathering, some of the gersdorffite, uraninite and galena, as well as a trace of 
pyrite, reacted. 

4. The released ions precipitated on other minerals as coatings of Ni, U, Pb and Fe arsenates, sul-
pharsenates, sulphates and œddes. 

5. Green crystals of Ni sulphate and white crystals of Ca sulphate precipitated at the surface of the 
material in the lysimeter. 

6. Mineral reactivity, under the conditions in the lysimeter, proceeded in the order gersdorffite, 
uraninite, galena and pyrite. 

7. Mineral reactivity is evident at the top of the lysimeter, but is most intense at the seepage dis-
charge at the bottom because of greatest water circulation. 

8. All the gersdorffite and uraninite at the seepage discharge end had reacted, but most of the pyrite 
had not. 

9. Clay minerals and chlorite had washed from the top of the lysimeter towards the seepage dis-
charge. 
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