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INTRODUCTION 
Sulphur in coil1 is il major environmental concern. The 

use of coal for combustion requires the control of sulphur 
dioxide emissions. To reduce these emissions, the total 
solphur content in c~ial product ~must he decreased. This can 
he accomplished by using low-sulphur coal. cleaning coal 
prior to combustion. retaining sulphw during wmhustion. 
or hy treatment of tlur gases after combustion. The use of 
low-sulphur coal is I?mitcd to the areas where such coals are 
available, and retaining the sulphur during combustion is a 
process in the expel-imcntal stage. The remaining alterna- 
tives are to clean co;11 before combustion or reduce sulphur 
dioxide emissions by blur gas desulphu~i/ation. Physical 
cleaning before combustion, however. is still the nmost eco- 
nomical option. 

Sulphur is found in coal in both inorganic and organic 
forms. The inorgamc sulphur occurs: as iron disulphide, 
either pyrite (cubic) or marcasite (ortborhomhic): as a sul- 
phatr, chiefly gypsum and iron sulphate: and iis clcmental 
sulphur. Elemental ,sulphur and sulphlrte ire usually found 
in very small concentrations. generally lest than 0.2 per cent 
and 0.1 per cent, rcspcctively (Greer. IY7Y). The organic 
sulphur is hound to the coal structure. Pyritic and organic 
sulphur, however. account for most of the sulphur in will. 

Conventional cleaning is not adeqwte for the removal of 
organic sulphur, and chemical cleaning would he more 
appropriate. Pyritic :rulphur is the only sulphur form which 
can hc removed hy physical methods. Therefore attention is 
usually focused on the forms of pyrite. For physical sulphur 
wnoval to hc successful it is necessxy to understand the 
nilt~re and OCCUITC~~~S of pyrite in the coal. 

The sulphur contents of most British Columbia coals are 
considered to he low (<I%). The two major coalfields. the 
Northeast and Southeast. product coids with sulphur con- 
tents in the range 0.30 to 0.60 per cent. Coals from the 
Telkwa, Bouron River and Comox coalfields. have, <,n 
average, sulphur v;~lues greater than I per cent. and are 
exceptions. 

British Columbia low-sulphur coal seams contain prr- 
dominantly organic sulphur, Table 5-L35lfa) shows the dis- 
trihution of sulphur forms in low-sulphur seams. Total sul- 
phur mnpes from II.23 to 0.69 per cent and the organic 
sulphur comprises from 55.4 to 96.5 per cent of the total. A 
decrease in the proportion of organic sulphur is usually 
accompanied hy an increase in pyritic sulphur. Organic 
sulphur is assumed to he part of the organic coal structure. 
and it is convenient to express it on a dry ash-free basis, to 
emphasize this aswziation. 

Coals from the Comox, Telkwa and Bowron River 
coulfields generally average between 0.5 and I .6 per cent 

sulphur. Compared with sub-bituminous c nls, ther na 
coals from these are;,s arc relatively high rank (higher k:al.’ 
kg), and therefore the elevetcd sulphur co! tent in ~;tcsc: 
seams will have much less effect on the po1 sihle sulphtu 
dioxide emissions. 

In coals with higher sulphur content an im rease of t:Gil 
sulphur content is mainly due to an incrr: se in p:y.iti<. 
sulphur (,WP pan h of Table :i-Ii-l). The xoporticn o‘ 
organic sulphur decreases drastically and ma! hc as low a!. 
4.5 per cent of the total sulphur in some case. The orgxnir: 
sulphur content. as calculated on a dry a ,h-free besis, 
however, appears to he much higher then th’: organic WI.. 
phur in the low-sulphur co& For Telkwa s :ams, org;mi(: 
sulphur is as much as I.81 per cent of organ c matter. I;o’ 
Quinsam No. 2 seam and No. I -Rider seam t ranges f:um 
0.80 to 0.87 per cent. whrr:as, for Iuw-s rlphur ccids. 
organic sulphur on a dry ash-free hasis averrges 0.56 pe’- 
cent. 

The objective of this study is 1:” investigate pyrite oc~:w 
races in Telkwa and Quinsam coals. as thse coalii<:ld:; 
produce higher sulphur coal. Pyrite occuv :nces will he 
discussed in terms of six and association vith maceral; 
(microlithotypes) with a view to assessing :heir poxihlc 
influence on the cleaning processes. 

BACKGROUND 

ORIGIN OF SULPHUR IN COAL 

Sulphur in coal may he cithw syngenetic :x epigenctic. 
Most is syngenetic; the rwly syngenetic WI phur is intro- 
duced during the peat formation process, and late syngcne- 
tic sulphur is accumulated during the gelification- 
humification stage of coalifiution. tipigel lctic sulpr.ur, 
mostly pyritic. is present in clats and fr; cture filling; 
(Renton and Bird, IYYI). 

Because organic and pyritic sulphur compri ie most of the 
sulphur in coal, special attention is given to the wigill oF 
these two forms. The organic sulphur in low sulphur c,:al:; 
is derived primarily from sulpbur contained i I plants fcrm- 
ing the peat deposit. Only a small pm? is derived f-‘am 
hydrogen sulphide generated by the microhi; I reductio~l of 
the sulphatr of interstitial water. Coals rich i I or&anic :.uI- 
phur imply a syngenetic contribution from flu ds with a~ Iligb 
sulphate content (Querol ef al., 1’39 I : Price an 1 Casagrande, 
1991). According to Casagrands and Nug (1979) or@: 

sulphur originates from complexing of sulp WI frorrl :,uI~ 
phatr ions and hydrogen sulphidr: hy humii acids du:in;; 
coalification. 

Organic sulphur in coal can be classified i ~to four t!‘pes 
(Markusxwski ef al., 1980): 

0 Aliphatic or aromatic thi<~Nls (mercaptans thiophenols:; 

0 Aliphatic, aromatic or Inixed sulphidl (thioetlws:: 
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6% Moisture Ash Sulphur % 
Caalfield Property Seam % % Total Organic S&hate Puritic 

% sorQld;,y!3 
%A 

Scutheasf Byron Ck Mammoth 0.96 21.70 0.23 0.21 0.02 81.30 0.27 
Line Ck 1OA 0.72 12.40 0.52 0.50 0.01 0.01 96.20 0.58 

8 0.67 49.00 0.31 0.26 0.01 0.02 90.30 0.56 
Greenhills 16 0.93 16.80 0.56 0.46 0.02 0.08 82.14 0.56 

22 3.33 6.12 0.58 0.56 0.01 0.01 96.55 0.62 
20 0.80 32.70 0.60 0.46 0.02 0.12 76.67 0.69 
3 0.51 19.30 0.65 0.41 0.04 0.20 63.08 0.51 

8almer 7RX 0.41 32.10 0.63 0.62 0.02 0.09 82.54 0.77 
7s 0.55 26.00 0.69 0.46 0.12 0.12 65.22 0.61 
4 0.57 24.80 0.62 0.48 0.01 0.13 77.44 0.64 

Northeast Bullmoose Al 0.76 21.30 0.65 0.36 0.01 0.28 55.40 0.46 
0 1 .oo 22.10 0.58 0.42 0.03 0.13 72.41 0.55 
E 1.10 21.70 0.55 0.45 0.02 0.08 81.62 0.58 

Ouintene J3 0.66 13.80 0.60 0.36 0.08 0.14 63.33 0.45 

(W Moirture Alh Sdphur % 
Coalfield Propen” Seam % % Total organic Sulphate Pyritic 

% %d ;,2,rj 
%A 

cornox ouinsam ouinram River ,b”b, 14.40 1.57 0.07 1.50 4.50 0.08 
Hamilfon Lake ,b”lk, 27.00 2.21 0.82 1.39 37.10 1.12 

2 2.30 30.90 2.63 0.53 0.06 2.02 20.20 0.79 
Rider 2.30 20.50 3.73 0.67 0.16 2.90 18.00 0.87 

1 2.50 9.80 0.59 0.33 0.01 0.24 56.90 0.38 
Telkwa Lower coal zone 0.49 23.12 3.52 1.38 0.15 1.99 39.20 1 .a1 

l Aliphatic. aromatic or mixed disulphides 
(bisthioethers); 

l Heterocyclic compounds of the thiophene type 
(dibenzothiophene). 

The proportion of different organic sulphur-bearing com- 
pounds is a function of rank and type of coal. The aliphatic 
(organic sulphur bound to the aliphatic hydrocarbon com- 
pound) to aromatic sulphur ratio varies significantly with 
maceral type and coal rank. Vitrinite macerals typically 
contain mcwe of the aromatic-heterocyclic sulphur than 
either the inertinite or exinite macerals. An increase in rank 
increases the ratio of aromatic to aliphatic sulphur (Hug- 
gins, 1992). The distribution of organic sulphur in various 
macerals has been the subject of many studies (Raymond, 
1982; Hippo er al., 1987; Stock ef al., 1989). 

Generally, it was found that mxerals from low-sulphur 
coals contain comparable amounts of organic sulphur. In 
contrast, the macerals of high-sulphur coals contain signifi- 
cantly different amounts of these substances. Sporinite has 
the highest content of organic sulphur, while vitrinite has 
significantly less. Furthermore, organic sulphur in sporinite 
was found to be more reactive than organic sulphur in 
vitrinite. 

“Pyritic” sulphur includes sulphur contained in either of 
the two common iron sulphide minerals, pyrite and mar- 
casite. The generation of sulphide in coal depends on the 
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availability of sulphur and iron, and on the intensity of the 
sulphate bacterial reduction (Figure 5-3-l). It is generally 
accepted that coals with the original peat or roof sediments 
formed in marine-intluenced environments have a tendency 
to have a higher sulphide content than those accumulated in 
limnic areas (Williams and Keith, 1963). Considering that 
the sulphate content of seawater is 120 times greater than 
that of fresh water or ground water this is not surprising 
(McMillan, 1972). - 

According to Navel (in Frankie and Hewer, 1985) iron 
sulphide can only form in peats as a result of bacterial 
activity, because there is not enough energy for chemical 
reduction of sulphates to disulphides. The source of sulphur 
is plant and animal protein, largely bacterial protein, or 
sulphare ions in streams or sea water. Iron is derived from 
the weathering of silicate minerals or is carried in with 
groundwater as Fe-ions. The environmental conditions, 
especially pH, appear to have dramatic effect on pyrite 
formation (Casagrande, 1987). 

The hydrogen sulphide which is transformed into iron 
disulphide is produced by sulphate-reducing bacteria, which 
thrive in high pH environments. The same swamp condi- 
tions that produce iron disulphide minerals determine the 
relative abundances of the various macerals in a particular 
coal seam. In other words, pH conditions in the swamp 
control the microbial degradation of plant debris to form the 
organic part of coal and, at the same time, control the 



MaSSi”* Pyrite IorQanic S”lph”r 

l Low Sulphur = Brackish to Fresh Water Source 
High Sulphur = Marine Water Source 

**Low and High Sultix from Fresh Water Source 

Figure 5-S I. Sulphide formation in coal 
(Pri;e and Shieh. 1979). 

reactions that generate pyrite. For example, higher pH leads 
to increased microbial degradation of the plant and peut 
components and, as a result decreased content of pre- 
vitrinitic materials. Increased microbial reduction of sul- 
phatr ions subsequently results in the precipitation of iron 
disulphide minerals, mainly pyrite, in coal. The end result is 
that coal produced under high pH conditions is more exinite 
rich and higher in mineral matter, especially in pyritic sul- 
phur. Typically the abundance of exinite and pyritic sulphur 
exhibit a strong staristical association with each other 
(Renton and Bird, 1991). 

Low pH, by contrast. promotes accumulation of pre- 
vitrinitic woody tissues and suppresses exinite formation. In 
addition, metal ions, especially iron, are readily dissolved 
and removed from the peat, and bacterial reduction of sul- 
phate to iron disulphide is simultaneously suppressed. Coals 
produced under these conditions are vitrinite rich and pyritic 
sulphur content is low; most of the sulphur is organic. 

Strong relationships between petrographic composition 
and pyritic sulphur in coal exist due to the same chemical 
conditions controlling the pyrite formation and abundances 
of various macerals (Renton and Bird, 1991; Kalkreuth 
et rd., 1991). 

PYRITE OCCURRENCES IN COAL 
Pyrite may occur in a variety of forms, the most common 

being as narrow veins up to IS0 millimetres thick and 
severt~l hundred millimetres long. nodules resembling fram- 
hoids, and discrete crystals. The framhoids, which range 
from a few to several hundred microns in sire, are aggre- 
gates of octahedral crystals: discrete crystals are usually 
much smaller (l-2 pm). 

There are a number of different classifications of pyrite 
occurxnce in coal. Neavel and Reyes-Navarro (in Frankie 
and Hewer, 1985) classified pyrite as: framhoidal, dendritic, 
euhedral, cleat and massive. Caruccio rr crl. (1977) consider 
two main categories, primary and secondary pyrite. Primary 
pyrite includes sulphur halls, finely disseminated pyrite, and 
primary emplacement pyrite. They also recognize five types 
of pyrite according to morphology: primary massive, plant 

replacement, primary cuhedral, secondary ck at coats i nd 
framboidal. 

Lowson (1982) suggested that for many purposes it is 
adequate to consider pyrite as either fremhoida or euhedr~al. 
In another classification, two types of pyrite motpholcgy 
arc defined: type I consists of !;ubmicrott-size grains e:ti!it- 
ing as loose particles or agglomemted in the f mn of fran- 
boids, typically IO to 20 mitxons in diam:ter; type 2 
includes larger individual crys~l!. (often >50 xm) with no 
apparent sub-grain structures (Cal~:y~ er al., I98 1). The latter 
are described as monolithic. ‘These two typrs of pyrite 
morphologirs coincide with framboidal and eu xdral fc’rx 
of pyrite discussed by Lowson (1982). It is i Iso beliaed 
that these two types may be considered as the ( nd memb~zrs 
in a maturity range. The frarnhoidal or sul micron s :x 
pyrites are believed to he the Ita>,t mature, wt ereas mm)- 
lithic pyrites are the most matuw 

In terms of pyrite reactivity it has also heel 1 establi?,ht:d 
that framhoidal pyrite is more reactive than other forms itlId, 
as result, responsible for forming acid solution: and cawing 
acid mine-drainage problemr; s:C:arrucio P, rrl., lW7; 
McMillan, 1972). Similarly, the framhoidal p) rite displays 
a higher level of reactivity upxl pyrolysis tl an euhed-al 
pyrite from the same coal (C&y er al., 1989) 

SAMPLES AND ANALYTICAL 
PROCEDURES 

Samples were obtained from ,diamond-drillir g projects ‘n 
the Quinsam and Telkwa coalfields (Mathxon, 1989; 
Matheson and Van Den Bussche, 1989). Locati xx of Quit- 
sam mine and Telkwa coalfield are shown in Figures 5-3~2 
and 5-3-3. 

Samples representing Quinsam No. I, I-Rid :I and No 2 
seams were analyzed. These seams have a higl pyrite cow 
tent and are typical of seams which have been it iluencecl Iby 
marine transgressions (Kenyon t’t al., 1991). Tt ey are ov(::- 
lain directly by marine strata. A summary t f analytical 
results is presented in Tables 5-3-2 and 5-3-3. Table 5-3-2 
presents proximate analysis (Mxheson, 1989). Table S-3-3 
shows the distribution of sulphur forms in these seaw. 
Quinsam No. I scam, as prescnred in Table 5-3 ~3, has hec:n 
subdivided into three intervals: dapper, rniddll and lower 
(the first two are RO-centimetre intervals, t te third 60 
centimetres). 

The Telkwa coal measures a’ part of an interbeddcd 
marine and nonmarine sedimaUary sequence which is 

Moisture Ash Volatile Fired 
Seam % % NiatIer % 0 :nrbon 3’0 

--30.00 
--.. 

#2 2.30 30.90 36.80 
#l 2.30 20.50 35.00 42.20 

Rider 
#I 2.65 9.65 37.00 50.70 
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Figure 5-3-2. Location of Quinaam mine and Comox coalfield 

divided in10 three units (Koo, 1984; Mathrson and Van Den 
Bussche. 1989). Only the lower and the upper unit contains 
coal measures. The coal seam No. I and some thin coal 
seams occur near the top of the lower unit (Matheson and 
Van Den Bussche, 1989). The upper unit contains ten 
seams. Palsgrove and Bustin (1991) described coal ge”l”gy 
and quality of these seams in greater detail. In general, the 
uppermost six seams in the upper unit have the highest 
sulphur content. ranging from 2.00 to 3.80 per cent. 

The incremental samples from the Telkwa No. I seam in 
the lower unit were analyzed for pyrite forms. Samples from 
the upper part of the seam have the highest sulphur contents, 
especially samples from the top of the seam, where sulphur 
reaches almost IO per cent. In general, the sulphur content 
decreases downward within the seam. The average total 
sulphur content for this seam is 3.52 per cent; pmximate and 
sulphur forms analyses are presented in Table S-3-4. Sul- 
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phur, ash and moisture c”ntents of samples taken in 20. 
centimetre intervals across the seam are reported in 
Table 5-3-5. 

PETROGRAPHIC ANALYSIS 
For detailed petrographic examination, epoxy pellets 

were prepared from coal samples taken in IO t” 15- 
centimetre increments from Quinsam No. I, I-Rider and 
No. 2 seams. The Telkwa seam was sampled in 20. 
centimetre increments. Maceral analyses were performed by 
counting 500 points on each pellet. Results are summarized 
in Tables 5-3-6 and 5-3-7. In addition, observations were 
made with respect to the sire, form and associati”n of pyrite 
with microlithotypes in vertical sequence of these seams. 
Table 5-3-X summarizes the macrral composition of the 
various microlithotypes. 



MOiStwe Ash sutpllur % 
Coal seam % % Total Organic Sutphate Pyritie 

% %rgl %&g 
Stat ---- 

#Z 2.30 30.90 2.66 0.54 0.08 2.04 :20.30 0.80 
Rider 2.30 20.50 6.08 0.67 0.27 5.14 11.00 0.87 

#I (first 80 cm fmm the top, part; 2.60 8.23 1.09 0.46 0.02 0.61 ,1*.20 0.52 
#I (second “al 80 cm *ram the top, part; 2.60 12.92 0.37 0.33 <O.O, 0.03 ‘919 0.39 

#I @mom last 60 cm, pan; 2.81 8.84 0.29 0.27 < 0.01 0.01 J3,10 0.31 

LEGEND 

--f Railways 

. Communities 

A Coal Deposit 

Figure S-3-3. Location of Tclkwa coallield. 

DISTRIBUTION OF SULPHUR AND ASH 

Q UlNSAM 
The average total sulphur content for Quinsnm No. 2 

seam is 2.66 per cent, The highest sulphur content, 6.08 per 
cent. occurs in I-Rider seam. The sulphur content of the 
upper part of No. 1 scam is much higher than the remainder 
of the seam and correlates with an increase in pyrite content 
(Table S-3-3). The increasing trend of pyritic sulphur 
towards the top of the seam is evident and in agreement with 
other studies (Casagrande, 1987: Querol, I991 et ul.). 

In the I-Rider seam, pyritic sulphur comprises 89 per 
cent of the total sulphur, while in the sample with lowest 
sulphur content pyrite contributes only a little over 3 per 

cent of the total sulphur. 

No. 2 seam has the highest ash content, followed by 
I-Rider seam. The lowest ash content is associated with the 

uppermost 80.centimetre interval of the No. I seam, which 
is enriched in pyritic sulphur. An increase in ash content in 

Sample No. Moisture Ash % Sulpl ur % 
1” 0.96 X04 9. II 
2 0.85 40.99 4. 34 
3 0.83 12.5 2.18 
4 0.98 ;!3.43 2.14 
5 0.86 1.1.61 I, !L 
6 0.99 1.0.65 3, I* 
7 0.88 31.03 3, ‘9 
8 1.12 118.93 0.19 
9 0.91 17.2 1.19 

analysis are on a5 received bark 
- 

* 
** smptes represent 20 cm inlervds 

the samples from the middle pan of No. I se em does lnot 
have a corresponding increase in the context of pyritic 
sulphur. Thcrc is no apparent correlation betw, :en total s,,l- 
phur content or pyritic sulphur and the ash co ~tent. 

TEI.KWA 
The average total sulphur content for the ‘I :Ikwa No I 

seam is 3.S2 per cent (Table S-3-S). Pyritic :ulphur corn- 
prisrs 56.5 per cent of the total sulphur conten and organic 
sulphur contributes a further 39.2 per cent. ‘btal sulphur 
decreases with depth down to ths: middle sectio I of the se.m 
(Table S-3-S). This corresponds with a genera decrease in 



ash content. with some exceptions. The highest sulphur 
content (9.7 I%:I is reported in the top sample, the car- 
responding ash content is 42.04 per cent. 

Vitrinite 
Seam Vol. % l 

2 (3)** 87.90 
Rider (4) 72.90 

1 (tint 80 cm) (8) 80.00 
1 (next 80 cm) (8) 78.80 

1 (60 cm) (7) 80.20 

Exinite lnertinite 
Vol. % Vol. % 

1.40 10.70 
2.40 24.70 
2.50 17.50 
2.20 19.00 
2.30 17.50 

* volume percent on mineral-matter-free basis 
** average based on ( )-number of samples 

Vitrinite Exinite Inertinite 
Sample No. Vol. % * Vol. % Vol. % 

1 l * 94.60 1.20 4.20 
2 81.50 0.60 18.10 
3 40.80 1.80 57.40 
4 69.60 1.40 29.00 
5 60.60 2.20 37.20 
6 61.20 1.00 37.80 
7 69.60 2.20 28.20 
8 59.80 0.60 39.40 
9 68.40 0.40 31.20 

AlWage 67.30 1.30 31.40 

* Volume percent on mineral-matter-free basis 
** Samples represent 20 cm intervals 

Classification Micmtithotype Minerat Group Composition 

MOIV3llLX~~al V&rite V > 95%, E+I < 5% 
(mineral free) Liptite E > 9S%, V+I < 5% 

Inertite I > 95%, V+E < 5% 

Bimaceral Clarite V+E > 95%. I -C 5% 
(mineral free) Vitrinettite V+I > 95%, E < 5% 

Dutite I+E > 95%, V < 5% 
TIilTWXril~ V+I+E (each > 5%). > 95% 

Maceral Carbominetite Any above microlitbotype with 
Association 560% by volume mineral 

matter (5-20% if sulfides) 

V - Vitrinite E- Exinitc I - lnteninite 
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DISTRIBUTION OF PYRITE FORMS 

Q UINSAM 
Examination of samples from Quinsam No. 2 seam, 

representing the top of the coal sequence, revealed that the 
coal particles are very much contaminated with pyrite. pre- 
dominately framboidal, with an average size of approx- 
imately I3 microns. There are also massive framboids, 25 to 
30 microns in size. Euhedral pyrite is found as very small, 
liberated particles, usually in cavities and cleats. indicating 
secondary origin. Some pyrite is intermixed with clays. 
Almost all particles are contaminated with pyrite, but only a 
few are heavily contaminated. Other minerals are clays and 
calcite. The latter is deposited in the cleats of coal particles. 
Examples of wvious pyrite forms in Quinsam coal seams 
are illustrated in Plate S-3-l. 

In I-Rider seam, the framboidal pyrite appears mainly as 
large particles, up to 30 microns, while smaller framboids 
are up to 5 microns. There is also an increased abundance of 
euhedral pyrite, typically as tiny particles (I to 2 pm). In 
general. there is a high content of pyritic sulphur in various 
forms. Large framhoids dominate the coal samples from 
I-Rider seam. In the top of the section very tiny euhedral 
pyrites are found near larger framboids. This suggests that 
the cuhedral pyrite may be the result of disintegration of 
ftimboidal pyrite (Figure S-3-l). Liberation of pyrite in 
these samples is insignificant, considering the crushing pro- 
cess for pellet preparation (reducing the size down to -20 
mesh). Most liberated pyrite particles are euhedral, but 
some framboidal pyrite is present in the cleats. 

The top part of No. I seam (uppermost 80 cm) also 
contains substantial amounts of framboidal and euhedral 
pyrite. Framboidal pyrite quite often occurs in clusters and 
some clusters reach 25 microns in size. There are examples 
of larger euhedral pyrite. The trend in decreasing total 
sulphur content from the top to the lower part of No. I seam 
is accompanied by a decrease in size of the framhoidal 
pyrite, and a parallel decrease in the ratio of framboidal to 
euhedral pyrite. In the middle SO-centimetre interval of the 
seam, there is almost no visible framhoidal pyrite; the only 
pyrite present is very small euhedral grains. 

TELKWA 

Microscopic analysis of pyrite occurrences in the Telkwa 
high-sulphur seam shows a variety of its types. A total of 
nine samples were examined, covering the whole seam. 
Samples from the upper part of the seam are enriched in 
massive and very large framhoids, some up to 250 microns 
in diameter. The first two samples appear to have an 
especially high mineral matter content. The first sample has 
abundant pyrite, whereas in the second the mineral matter is 
mostly clays. Plate S-3-2 shows the pyrite forms found in 
the Telkwa coal seam. 

There is an obvious trend from large framhoidal to more 
irregular pyrite forms with depth. Somewhere in the middle 



of the seam, transformation of regular framboidal pyrite into 
massive “cauliflower-type” occurs. The size of irregular 
pyrite occurrences ii somewhat smaller than the massive 
framhoidal type, reaching on average 50 to 100 microns in 
diameter. The abundance of euhedral pyrite also increases 
with depth. This type is usually 4 to 5 microns in size, filling 
cavities in fusinitc “T sem~fusinitr. I, compri\r\ il,“,“Sf 
95 per cent of the total pyrite in the samples from the hortom 
of the seam. 

In general, the liberation of pyrite increases with increase 
in ruhedral grains. Liberated euhedral pyrite usually occurs 
in small cavities and i:lcats, but in some cwx pyrite appears 
encapsulated in coal particles. In the part of the seam where 
the mineral matter is high and framhoidal pyrite abundant, 
liberation of pyrite i-caches up to 30 per cent. cspccially 
when pyrite particle!; are contained within the clay hands. 
Liberation is much less in the parts of the scam whrre 
irregular cauliflower pyrite occurs. The irregular form 
seems to have replacf:d semifusinite and is usually confined 
to this maceral. 

ASSOCIATION OF PYRITE WITH 
MACERALS AND MICROLITHOTYPES 
QUINSAM 

Petro&raphic analysis (Table 5-3-6) of Quinsam No. 2 
seam indicates that this coal is high in vitrinite. The average 

rxinite content is moderate, with it somewhat k igher content 
of knife in the top part of th? ‘wxn. This a so coinci,Jcs 
very well with the larger occurrences of framb, idal pyritt: in 
this part of the seam. The lower part of the sea n is enrkhcd 
in smaller framhoidal pyrite (5 to 7 pm) aaid sccond~ry 
cuhrdral pyrite is found in cavi.:ies in fusini :e and smalli- 
fusinite. Framhoid;ll pyrite 5 mostly ;xs~riared ,with 
vitrinite-rich microlithotypes: vitrite, clilrite an j trimaccritc. 

The I-Rider seam has a lower vitrinite cont~ nt than No. 2 
seam. Its exinitr content is higher and this is accompanied 
hy an incrcasc in ahundancc or inertinits, especially se n- 
fusinite. The average vitrinite CI~WSI~ is 72.’ per cent by 
volume Cfahle 5-3-6). with an increasing trrnc from the top 
to the hottom of the scan. The highest rxinitt content i:; at 
the top of the seam and corrt:sponds to thr highest c:n 
centralions of pyrite, as in the Ko. 2 xvm. b assive py,?te 
and large framboids appear to hc always a~lo: cd within the 
vitrinite particles. It is also evidrnt that framl soidal pyr (es 
are usually aligned parallel LO th<: bedding pl; nes. In terms 
of microlithotype association. fralnboidal pyrie is usually a 
part of the vitrite and claritr microlithot)pr, whrrxs 
euhedral pyrite occurs in cavitisv in fusinite o semifusiliite 
in the inwtite lithotype. 

Maceral composition throug,hout No I se un is almost 
uniform. Vitrinitr content is atlol.lt 80 per cer t by YOIIJ ne. 
exinite and inertinite contents arc in the range of 2.2 to :!.S 



Plate 5-3-2. Pyrite OCCUE~C~S in a Tclkwa coal scam. (250 mm on horimnlal). A. Large framboids; B. Regular Smmboids; 
C. Cauliflower-type: D. Small euhedral pyrite. 

and 17.50 to 19.00 per cent, respectively. There is very little 
variation in association of pyrite with the mace& within 
the seam. Larger framboidal pyrite is almost always ussoci- 
ated with vitrinite. while euhedral pyrite is found in cavities 
in vitrinite or fusinite. Framboidal pyrite is dominantly 
associated with vitrite and trimacerites (V+E+I). The 
higher pyrite content in the top of the seam is not matched 
by an increased abundance of exinite, as observed in other 
seams. 

TELKWA 

In general, maceral composition of the Telkwa seam 
changes from vitrinitr-rich in the top of the seam to 
inertinite-rich towards the bottom, with some irregularities 
in between (Table 5-3-7). The highest vitrinite content 
(94.6% by volume) is at the top of the seam. The variation 
in exinite content is even less regular. It ranges from 0.60 to 
2.2 percent by volume with no obvious correlation with the 
stratigmphy of the seam. 

Occurrences of mega-framboids (up to 250 pm) of pyrite 
in the first 20.centimetre interval of the seam are almost 
exclusively amfined to the vitrinite, as this maceral is 
dominant in this part of the seam. An obvious trend is 
observed moving downward in the seam: fremboids become 
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more regular in shape and smaller in size (I 50 pm or less). 
Regular framboidal pyrite is typically confined to the vitrite 
and clarite microlithotypes (V+E). In some instances, fram- 
boidal pyrite occurs in trimacerites (VtEfI). The cau- 
liflower pyrite is commonly associated with semifusinite in 
inertite microlithotype. 

SUMMARY AND CONCLUSIONS 
The high sulphur content in the Quinsam and Telkwa 

seams reflects marine influence during the deposition. In 
terms of sulphur distribution within the individual seams, 
there are no systematic trends. The highest sulphur content, 
however, is always in the upper portions of these seams. 
The ash patterns are also variable, with the highest ash 
content usually accompanying high sulphur content. 

High sulphur content is a direct result of increased pyritic 
sulphur. In the I-Rider seam at Quinsam, pyritic sulphur 
comprises almost 90 per cent of total sulphur, while in the 
upper part of No. I seam pyritic sulphur comprises only 
57.8 per cent of the total sulphur (Table S-3-3). In the lower 
sections of No. I seam totill sulphur decreases significantly, 
Here, organic sulphur is dominant and comprises more than 
90 per cent of the total sulphur. This is in agreement with 
trends in other coals (Casagrande er 01.. 1979; Given and 



Miller, 1985): in cwls with low total sulphur, the organic 
sulphur concentration exceeds that of pyritic sulphur, and in 
coals with higher total sulphur content, pyritic sulphur is 
dominant. 

The organic sulphur wntent of the ‘Telkwa swrn, c&u- 
lated on a dry ash-free basis, is much higher than or&anic 
sulphur of Quinsam high-sulphur seams. Organic sulphur, 
as discussed by many (Rrnton and Bird, IYYI: Price and 
Casagrande, I99 I : Querol of nl., I39 I). is derived from 
sulphur in plants or through the direct reaction between 
hydrogen sulphide derived from microbial reduction, and 
organic tnatter. Hydrogen sulphide may react with either 
organic matter or iron to form pyrite; however, it reacts 
ptrl’erentially with iton (Howarth, 1984; in Palsgrove and 
Bustin, 1991). Due to the deficiency of iron iott\ in the low 
pH peat, sulphur maq he tied up in organic matter instead of 
in sulphides. Bacteria reactiorx are slower and, its a result, 
hydrogen sulphide is incorporated into the organic matter. 

L.ower pH pmmwx preservation of organic matter and, 
coupled with the high water table in the peat, lads to 
vitrinitr-rich coal, as cvidrnt in the top of the Telkwa seam 
Another ohservetion is that a fair ~lmount of pyritic sulphur 
in this part of the seam. up to 30 per cent, is Liberated. This 
indicates introduction of secondary pyrite into the coal. 
There is also a possibility that pyrite was introduced during 
the humification and gelification stage. after formation of 
vitrinite. 

According to the accepted model explaining pyrite ftlr- 
mation in relation to the petrographic composition of coal, 
the chemical conditions favourahle for pyrite formation 
result in exinitc-rich :md vitrinite-depleted coal. None of the 
examined seams appcw to follow this pattern entirely. In 
parts of No. 2 and I -Rider seams at Quinsam, some correla- 
tion hetwern exit&: and pyritic sulphur content can he 
ohscrved. It is also noteworthy that these coals are 
impoverished in exinite, due tu the type of vegetation con- 
trihuting to the peat. 

Distribution of various pyrite forms is quite similar for 
seams from Quinsam and Telkwa. The large framhoidel 
pyrite is almost always dominant in the top of the seams. 
The six of frarnboi3s decreases with depth. The ratio of 
frramhoidal to ruhedral pyrite also decreases with depth. The 
size of euhedral pyrite varies from I micron (Telkwa) in size 
to 5 microns (Quinssm). An irregular cauliflower fcxm of 
pyrite wets ohserved in the middle part of the Telkwa seam. 
The association of c;iolitlower pyrite with semifusinite may 
indicate the secondary replacement of semifusinite by 
pyrite. 

It is evident from microscopic examination of Quinsam 
and Telkwa high-sulphur coal scmnr, that pyrite in the 
Telkwa seam is much coarser grained than the pyrite in the 
Quinsam seatns. The size of pyrite in the Telkwa seam 
reaches up to 250 rmcrons, whereas in Quinsam seams. the 
size of the framhoidal pyrite averages bctwcrn I? and IS 
microns. with a maximum size of 25 to 30 microns. 

The examination of pyrite six and t~~rr~~ces in high- 
sulphur seams from Quinsam and Telkwa suggests that 
pyrite in the Telkwa seams would he mwc amenable to 
removal in commrrcml cleaning. Large framhoids would he 
much easier to liberate than those found in Quinsam seams. 

Distribution of pyrite in the ‘Tclkwe seam s also mrw 
favourahle. The Inrgest framhaids are cancer [rated at the 
top of the seam; allowing isolatinn of this sect on for sel:c- 
tive mining, if necessary. 

Prtrogrrlphic xtalyses of sanplrs from ()uinsam ;,?d 
Telkwa seams indicate that itt hoth cws pyrite occurs 
mostly in vitrite, clnrite and trirnacerites fV+l tE). Sewral 
studies (McCartney e’f al., lY69; IFrankie and I lower. I’3 <5) 
correlating pyrite size and removal through the various 
physical cleaning circuits showed that fine pyr te (~20 @m) 
was always found in the clean coal fractions, It was also 
shown that clean coid was enriched in euhed al and fi-an- 
hoidal pyrite associated with ,vitrite and clarite. Masziive, 
Ixgr framhoidal pyrirc and pyrite associated l&h the IT& 
cral matter hands were usually c:ortcentrated n the reft rse. 
Pyrite particles smaller than IO tmicrons in sin remainct in 
the clean coilI. 

It is expected that pyrite particles smaller tht n 20 micnms 
in six and associated with vil:rinite-dotnil ated micro- 
lithotypes would tend to concentrate in clean coal product 
when gravity-based cleaning methods art: used, Large parti- 
cles of pyrite from the Telkwa seam would probahlv be 
much easier’ to remove when trated by conr xtionill rod 
cleaning techniques. Microscopic: analysis rel eals that: the 
large pyrite occurrences in tht: Telkwa seam are conc:n- 
trated in the part of the seam en]-iched in \itrinite. This 
would indicate il better chance to release pyrite during the 
six reduction. as vitrinite is the softest mxe al. 

Greater reduction in top siLe ,would he requil cd to liberate 
pyrite from Quinsam seams. C,u,:: to the fact hat pyrite in 
Quinsam seams is more dissctninated tttan II assive, mxe 
middlings will be produced durin,g the prepare ion. and 2 :; 2 
result the use of separators with sharper srpar ttion profiles 
would he necessary. 

The coilIs examined here hew week tloata lility charac- 
teristics, therefore, froth flotat,on would not he adeqwte. 
This would ttlso exclude the option of signific mt reductlmm 
in the top size of coal (E.,+, to liberate 25-1 micron py-ate 
grains in Quinsam coal), as there arc few rommerci;.ily 
available processes to treat fincs fw these co: Is. 

The only viable alternative for treating th: pyrite fwn, 
Quinsam coal, if required, may he the use of tl e agglornr:m 

tion process. This would allow further size reductior ir 
order to liberate the pyrite (Pawlak cr al., 1987, 1938) 
Given the f;lct that larger frambnidal pyrite is f<wnd mainl) 
associated with the vitrite microlithotype, the rohahilit:! 0. 
liberation and concentration in the fines wruld he mxt 
greater. To obtain maximum effect during a ;glomerat son. 
the size of coal must he reduced. Size redu:tion may br: 
impaired, however, by the f&t that Quinsan (oal has a II\\’ 
grindability index. Furthermore, the co: t of adding: 
agglomeration to the cleaning process will h; ve to he ibal~~ 
awed against the value of the improved coa quality. ‘l‘ht: 
end result may he that coarse ~coal will have ower sul~bu~ 
contents, but the fines recovered in form of agglomer.tte:. 
will have to be incorporated into the final xal product 

For further reduction in pyritic 5,ulphur in t tuinsam csal, 
the Agglofloat technique would hc far superior to 
agglomeration (Pawlak er nl., 1987, 19%). 1 his technir{w: 
combines both agglomeration and flotation nto one 1x0~ 



cedure, and is more selective in pyrite removal. It claims to Etyyy Mi,rc\ o,rd Prrn,lrrrm Rrsosnrs. Peprr 1984. I. pages 

reject up to 70 per cent of pyrite during cleaning, with as 113.121. 

high as 96 per cent recovery of combustibles. The main Lowson, R.T. (1982): Aqueous Oxidation of Pyrite by Molecular 

benefit of this technique is that it ctm treat very fine coal Oxygen; Chrnri<:<il Rev;<w. Volume 82. pages 461-497. 

(well below 0.50 urn). The reduction to such fine sizes leads Markuszwski. R., Fan, C.W.. Grew, R.T. and Wheelock, T.D. 

to greater liberati’on of pyrite particles and therefore greater 
chances of removal. The Agglofloat product, however, is 
finer and even more difficult to combine with the rest of the 
clean coal product. 

(I 980): Evaluation of the Removal of Organic Sulfur from 

1Y8”. 
Matheson, A. (1989): Subsurface Coal Sampling Survey, Quinsam 

Coal: Symposium on New Approaches in Caal Chemistry. 
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