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SUMMARY (1)

The Geochemistry and Mineralogy of Coal and Coal-Bearing Strata
from the Cannock Coalfield with Specific Reference to Chlorine

The project was conducted on four coals seams, the Shallow and Yard

(Lower Coal Measures) from Lea Hall Colliery at Rugeley, and the Park
and .Eight Feet seams from Littleton Colliery, near Cannock. Ultimate, |

proximate analyses and moisture contents showed them to be of high

volatile bituminous 'B' coal.rank, and typical of high Cl coals.

The Cl1 investigation showed a relationship with organic matter |

where ash is a dilutant, reaching c. 1% (by weight) in the coals,

almost an order higher than in the associated mudrocks. It is related ;
to the internal surface area and is thus highest in the vitrinite

dominated 'bright rocks' and lowest in the 'dull coals'. Two types of

Cl were identified, originating from saline ground waters, the former
representing present ground water solutions trapped in the larger pores

and readily water-soluble, and the latter held in organic combination

within smaller or closed pores produced by Hercynian rank imposition.

Varying levels of this Cl can be released by ion exchange with carbonates

in leaching experiments.

The mudrock and coal ash mineralogy was conducted on low temperature
ashed material which suffered the side-effect of gypsum formation during
oxidation. The mudrock mineralogy is dominated by detrital minerals,
quartz and clays predominating. Diagenetic minerals rarely account for
- 7% of the normative minerals except in localised pyrite and siderite
nodules. Climate played an important role in the detrital mineralogy,

the lower seam floor measures being dominated by a tropically leached

sulte of kaolinite and quartz. Continental movement led to increased

aridity characterised by illite and chlorite which dominate the higher

seams. The intraseam dirt bands are composed of very fine clays,

rapidly deposited over wide areas by minor base-level changes or river




(i)

bank bursts. The roof measures show least evidence of leaching and are

often highest in diagenetic siderite. Ba, Sr, Rb (illite) and 2r (zircon)

are predominantly detrital trace elements whilst oxyhydroxide material
was .the transporting media. for the diagenetically located elements, Ni,

Pb (pyrite), Co and Mn (siderite). Cu is primarily associated with

organic matter.

The detrital cocal mineralogy reflects the fine mudrock material and

1s usually highest associated with the dirt bands. Diagenetic minerals

dominate the ash, reaching 95% (by weight), the major component being

late diagenetic cleat. A paragenetic sequence of mineralisation follows

a widespread .trend from sulphides, silicates to carbonates reflecting
changing ground water composition. The cleat fractures represent micro-
jointing produced with stress release during uplift. 1Its frequence
decreases with bed thickness, and the brittle nature of vitrinite causes it
to have the earliest formed and most abundant cleat. The strength of

multimaceral lithotypes such as durain is much greater and therefore

fracture least, later and with a greater dilation.
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CHAPTER 1

- INTRODUCTION

The present project has been designed to investigate the geochemistry
and mineralogy of coal, 1its immediately associated strata and the
origin, form and distribution of chlorine therein. The study is under

the tenureship of a C.A.S.E. Award sponsored by the Central Electricity
Generating Board and the Natural Environmental Research Council to
provide geological information on high chlorine coals from the Cannock

|

Coalfield. The presence of chlorine can lead to serious fire-side corro-

sion problems to power-station superheater ttbes. Seams sampled from Lea

Hall and Littleton Collieries provide the framework for the study.

The thesis is divided into three sections. The first covers
sampling, classification, formational environment and stratigraphy of
the rocks. The second deals with the chlorine research and the third
with the mineralogical and geochemical investigation of the coal ash
and assoclated strata. A through seam iﬁvestigation of the mineralogy
and geochemistry is not-only ;:af geological significance, but is also of

paramount importance in understanding the behaviour of the chlorine, and
its leaching, which has previously been disqguised by bulk run-of-mine

studies.

An investigation into the differing depésitionafl. environments has

-

been attempted to show variations between floors, dirt bands, roorfs and
detrital coal mineral matter. The role of%diagenesis has béen examined

in.terms of ground waters, exchangeable cations and mineralogﬂr”alnd their

.vary:l.ncj contributions Jto' doal and mudrock samples.




Sample Locations

Four coal seams and associated mudrock strata were sampled from the
Cannock Coalfield (Figure 1.1l). Of the collieries mining.the coalfield:-
Littleton, West Cannock No. 5, Cannock Wood and Lea Hall it was decided
that Littleton and lLea Hall would be chosen. As the project was a CASE
Award and the C.E.G.B. were interested in the form and distribution of
chlorine in coal,with the prediction of chloride leachability from Park
Colliery an overriding factor, those collieries most closely related
geographically to the proposed Park site (north-east and east of./Stafford
were chosen. Lea Hall Colliery at Rugeley, providing coal for the power
station thereat, has had a history of chlorine problems. Work by the
C.E.R.L. in chlorine leachability prediction was based on Lea Hall and
Hom Heath (N. Staffordshire Coalfield) Collieries. Both show markedly
different behaviour with Cl leachability being more difficult at Hem
Heath. Littleton Colliery was found to have characteristics similar to

those of Hem Heath. Both Lea Hall and Littleton Collieries have high

chlorine coals. They lie inside the boundary faults and mine the con-
cealed portions of the coalfield.

The coal seams found in the South Staffordshire Coalfield can be
traced through the Cannock area, to the North Staffordshire Coalfield via
Park. Progressing northwards from the stabilising influence of St. Georges
Lénd, greater subsidence led to seam thinning and splitting. However,
all the seams found in the Cannock Coalfield are to be found at Park.

Final choices of seams to be sampled was based on importance and access-
ability. The Eight Feet and Park Seams were sampled at Littleton and

the Yard and. Shallow Seams at Lea Hall. . - .-

-’ =
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Freshly mined sections were sampled and this is of paramount import-
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ance in studying the geochemistry of included ground waters, water-soluble

elements and minerals that will oxidise with long exposure to air. Mud-




rock samples were taken from the end of roadways as they are not exposed
on the working coal face. Mudrocks, thus sampled are therefore older
than the coalface exposures, but rarely more than a few days. The
associated mudrocks, including the intraseam dirt bands, were analysed

to provide a framework in which the differences or pecularitlies of the

coal and its mineral matter could be isolated.

Lea Hall Colliery

Of the seams sampled, all but the Yard Seams were advance faces.
Being a retreat face, the main and return gates for the Yard Seam had
been open for some period and dehydration and contamination of ‘the seam
Wway have taken place. Sampling was carried out on the freshly cut face,
approximately 5m from the nearest roadway thus eliminating the problems.
However, further complications arise with this seam. The roof measures
are extremely fissile, organic rich and physically weak so that the top
30cm of the coal seam are left in as a roof support. Samples ¥8 and Y9,
representing this part of the seam were taken from a roadway and must
have been exposed for a long period and are not fresh. The geochemistry
of these samples do show characteristics dissimilar from.newly cut faces,
notably in the analysis of water-soluble sodium and chloride.

The Yardeeam.waségampled at:

Ngtional Grid Reference (N.G.R.) E 406150

W 316340
Level RS 10270' “AM.D.*
Depth Below Surface (D.B.S.) - 1370
Depth Below Trias (D.B.T.) 840"

*A.M.D. = Above mining datum. Mining datum is 10,000' below 0.D.

AR — —— —_— -




The Shallow Seam was sampled at:

N.G.R. E, 407180

N 315900
Level 10320' A.M.D.
D.B.S. 1485"°
D.B.T. 1090"°

Littleton Collierz

The Eight Feet Seam was sampled in the tail gate of the 317 °

District.
N.G.R. E 397647

N 315570
Level 8920' A.M.D.
D.B.S. 1800"
D.B.T. 1550

The Park Seam was sampled in two locations - one in a roadway man-

hole and consequently a long exposed section and the other in a newly

exposed section on the working face. In the final analysis, the former

samples were rarely used except for a XRD investigation of the clay

minerals in the mudrocks.

1. 455° Return Gate (man-hole)

N.G.R. 4 B 397565

N 315712

Level estimated 8680' A.M.D.

D.B.S. - 2000
D.B.T. 1780°

2 455S Téil Gate (neﬁféecﬁion)

N.G.R. E 397305

N - 316060




Level estimated 8290' A.M.D.
D.B.S. 2340°
D.B.T. . 2120°

Sampling Scheme

A similar sampling procedure was used on all the seams. Floor and

roof measures were sampled immediately adjacent to the seam and as many

samples as possible taken at a

W

vertical interval of 20 cm. This depended wpon -
& - } a i - - T “1 g 7 ; "H-'

Fox

the thickness of the exposed succession and varied from the Yard Seam

where two floor and three roof samples were taken to the Park Seam where

only the immediate floor and roof were accessible. Floor samples were

designated a prefix 'F' and roof samples 'R'. Intraseam dirt bands

were sampled wherever they occurred. Their designation varies between

SealsSe.

Coal samples were taken immediately adjacent to the floor and roof

measures and thereafter - whenever possible - at a sample interval of

20cm. An exception was made in the Shallow Seam, where, because of its

size, coal samples were taken at a 25cm interval. Samples of 1 to 2kg

were taken from Littleton Colliery from the end of roadways. At Lea

Hall, samples were taken from the face and the greater difficulty in

extraction meant smaller samples. All samples were immediately sealed in

moisure-proof bags and marked corresponding to their position within the

seam which was logged with the assistance of Mr. C.0. Hunt. Thanks are

due to the co-operation of the N.C.B., in particular Mr. J.H. Atkin
(Chief&Scientigt;, Western Division) and Mr. R.H. Hoare (Chief Geologist,
Western Division) and.the geologists Mr. T. Halker (Lea Hall) and

Mr. K. Whitworth .(Littleton). .

; T
:} : j“j




Coal Samglquescription

The coal specimens from each sample were classified on a macro-
scopic basis. Although microscopic identification of coal is established
down to the maceral level a much more broadly based scheme was used as
each sample was investigated on a whole sample basis. Maceral variations

would thus be homogenised and the overall characteristics likely to

control the mineralogical and geochemical properties of the sample.

Coal sample description is given on each of the seam profiles (Figure 1l.2).

The coal samples were divided into four groups based on thelr macro-
scopic appearance. They are: Bright, Bright Banded, ﬂull Banded and
Dull Coals. Such a terminology is in common usage in seam profile
descriptions, for example, by the N.C.B. A more detailed description of

the microscopic constituents of coal, from a physical aspect, is given in

the cleat mineral section. For a detailed description of coal constituents

down to the maceral level, Stach et al. (1975) and the International
Committee for Coal Petrology (1957, 1975) are recommended. In the hand
specimen, four different types of coal may be distinguished. These
'lithotypes' are vitrain, clarain, durain and fusain. Combinations of
these lithotypes to greater or lesser extents form the Sub-classes of
coal: Bright and Dull coal (Stach et al., 1975). The coal Sub-classes
reflect the predominance of one or more lithotypes. If there is a
mixture of dull and bright coal bands, the coal may be described on the
predominance of bright over dull coal - 'Brighthénaed'aénd dull over
bright coal - hence 'Dull Banded' coal.” The terminology is self-
explanatory. The term lithotype was proposed by.Seyler (1948) to .
designate the different macroscopically reéognisébie’bandémofphumié
coals. Theée‘Bands‘wéférdéscfibed by Stopes (léiQ)tésﬂéhéffoﬁr visible

ingredients in bituminous coals (I.C.C.P.! 1957).

- — @ —h—r =
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Bright Coal

Bright coal is composed of the lithotypes vitrain and clarain.
Vitrain

The term was introduced by Stopes (op. cit.) to designate the

macroscopically recognisable very bright bands of coals. The bands are

usually a few mm in width, thick bands being rare. Vitrain is very

shiny, black and clean to the touch. 1Its brittle nature means that it

is very susceptible to breakage, cubic or with conchoidal surfaces and

to cleat development.

In the macroscopic description of coal seams, only the very bright

bands greater than 3 to 5mm are recorded as vitrain. After clarain,

vitrain is the most widely distributed common.macroscopic constitutent

of humic coals.

Clarain

The term was introduced by Stopes (op. cit.) to describe the

macroscopically recognisable bright lustrous constituents of coal which,

in contrast to vitrain, is interbanded by dull intercalations. More

recently, the term has been used to describe all finely striated bands

of coal the appearance of which is intermediate between vitrain and

durain (I.C.C.P., 1957).

The bands are of variable. thickness.having a lustre between that

of vitrain and durain. .. The thickness of the.fine.bright and dull
striations must.be less than .3mm,or otherwise should be described as
separate lithotypes.. Bands made. from.the bright and: dull striations

having a_thickness exceeding 3-5mm are .usually .recorded.as .clarain.

Generally,. clarain.issthe.most widely.distributed and common

macroscopic constituent of all humic. coals,




Dull Coal

Dull coal is composed of the two lithotypes durain and the normally

less common fusain.

Durain

Stopes -(op. cit.) introduced the term durain for dull bands in coal

observable on the macroscopic scale. Bands of durain are characterised

by their grey to brownish black colour and rough surface, with dull or
faintly greasy lustre. Reflection is diffuse. Unlike vitrain, durain

is not brittle and consequently has markedly few fractures or cleat

developed. When fractures are found, the surfaces are granular.

Bands thicker than 3-5mm are recorded as durain. In some cases,

it may be difficult to distingquish durain fram carbonaceous mudrocks

and dirty coals. In the present samples, durain is either dark brown

or predominantly black in colour.

Durain occurs in bands often many ¢m thick. Although widely

distributed, such bands are rarely abundant. 2An exception is to be

found near the top of the Eight Feet Seam where dull coal, predominantly

durain, forms a band approximately 70cm thick.

Fusain

The term was introduced by Stopes (op. cit.) to designate the

black silky, lustrous maérosc0pic bands in coal.

It is grey-black or black in colour, has a silky lustre, is fibrous

and extremely friable. It is this fraction of the coal which blackens

objects with which it comes into contact. It is similar to charcoal in

appearance, being porous and crumbly, and is sometimes termed 'mineral

_|.*_

charcoal'. It may contain a high propoftion”of:miheral ﬁ;terial,iﬁhidh
strengthens it and reduces its ffiébiiity. Bands of mofé’than 3 to S5mm

are regarded as fusain.




Fusain occurs as fine bands or lenses in almost all humic coals.

It is not abundant but is widely distributed.

Mudrocks

Despite the abundance of fine-grained sedimentary rocks, constituting
approximately half of the geological column (Picard, 1971) investigation
has been limited in view of the grain size and poor exposure. Problems
arise in nomenclature in the absence of any generally accepted terms toO
distinguish between texture and mineral composition (Blatt, Middleton
and Murray, 1972). Fine-grained rocks are variously defined (Spears,

1980) so that all those fine-grained sediments in the present study have
been designated 'mudrock' as a general termn(Blatt, Middleton and Murray,
op. cit., Spears, 1980, Taylor and Spears, 1981). Distinction may be

made on grain size, depending upon the relative proportions of clay,

mud and sand, and the presence or absence of fissility. A shale 1is
fissile whilst a mudstone is neither fissile nor laminated (Spears, 1980).
A mudrock classification has been proposed (Spears op. cit., Taylor and

Spears, 198l) using quartz content as a grain size measure. The former

paper showed that for British Carboniferous rocks, quartz is absent from

the finest fraction and that a positive relationship is found between

TiO /A12 3 and quartz. The grain size decrease from siltstones through
mudrocks 1s contimious and accompanied by a decrease in the quartz

percentage. 40% quartz was shown to correspond to a grain size of

l/100 which bears a close resemblance to the division between mudrock

Foy

and siltstone based on field evidence. A similar relationship 1s found

%

in the presentrrocks (r = 40. 70 99 9% significance) although the

correlation is strengthened by a non-normal distribution of data (Figure 1.3).,

A .
- wie, L + .t ..1"-?

- L]
-

Spears (op. cit_) pr0posed.the division of’mudrock categories on

- 1, L -~ ol ] J— .I.-\..-.. r [
- R - r+ .i
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. the quartz percentages shown in Table l.l. Two samples, SSFl and YF1l
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would thus be classified as siltstones and furthermore are gritty to

the teeth and would be classified as such in the field situation. Two
samples 8R2 and I.D.2.11 fall into the very fine category, the remainder
in fine and mainly coarse mudrocks and 8Fl in the very coarse category.
Spears (op. cit.) found that non-marine mudstones fall into the coarse

and very coarse categories as is generally found here. Of the four

samples in the fine category, the 'finer' two are intraseam dirt

samples, Ydbl and 8S10c¢ whilst I.D.2.l1l1 has no quartz.

The large scale characteristics are given on the seam profiles |
(Figure 1.2). Bedding is visible in some of the samples, invariably

from the roof of seams. The floors show no structure and have clearly

been disturbed by vegetation roots and may represent fossil soils. Root

impressions and stigmaria are common in the Lea Hall Colliery samples.

Spears (1980) defined lamina as a stratum of less than lcm thick.
Bedding is variable and the frequency rarely falls into this range. All
the samples may thus be termed mudstones, with the exception of SSFl and
YFl. Spears (1976) considered laminations to be varves and preserved
through an absence of benthos. The present samples have non-systematic

bedding which probably result.from.occasional still-stand events allow-
ing periodic accumulation of organic matter. fhis is best seen in YRZ
where occasioh.thin films (<O0.5mm) of discontinuous organic matter can
be observed. Occasionaliy thinfuitrain rich 1a§ers,'which may represent

brief periods of renewed coal vegetation accumuiation, or the washing in

of woody“material, canybe distinguished

The finest grained.samples, invariably those with little or no

quartz shOW*well develcped listric surfaces. Of the!seven sanples with

»

1’1-

listric surfaces all but de2 fall within the fine mudstcne category

s 1 l\.,_-l-!"}r "+
'r 4

with <20% quartz. The presence of quartz increases the strength of

f * - - "',H- X ""1. - Ll

- ., - 3 e o -i
the material increasing the internal friction. An absence'of quartz

L
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would allow greater preferred orientation of clay flakes and thus

greater susceptibility to shearing, smearing and hence the development

of listric: surfaces.

Mudrock Colour

The colour of mudrocks is often a distinctive and often important

characteristic. Colour can be used for stratigraphic correlation and may

be indicative of the environment of deposition and diagenesis. Unfortunately,

several environments may produce similar colours (Potter et al., 1980).

Tomlinson (1916) showed that the colour of slates is independent of the

total iron, controlled by the Fe2+/Fe3+ ratio. The progression from

3

red-yellow—green-grey corresponds to decreasing Fe N due to reduction.

The percentage carbon is also important (Potter et al., 1980). However,

the type organic matter and its distribution are important (Spears, 1980).

Thus black shales may have a darker colour with perhaps 5%C than organic

rich mudrocks in the present work with c¢.40%C.

Colour was identified using a streak plate and comparison with the

Munsell colour chart. The use of the streak removes bilias caused by

mineralogical variations and by surface weathering.

in Table 1.2, together with. organic.carbon (based on XRF losses = see

2 2 .
XRF mudrock analysis):.and the mFe‘*}mFe‘+ + mFe3+ ratio.

It-is evident that the organic .matter content is .the major
influence on mudrock colour, notably when the iron ratio is constant. As

the levels are so'marked, reaching 45 to.50%, this is not unexpected, nor

are brownish black.and black being the major colours. where the organic

matter contents and iron ratios are reasonably: constant, as  in groups

(Y2, Ydb2, YRl and to some extent YR2), (Ydbl,:YF2, YFl) and (SSﬁl; SSR2,

SSR3) the colours are internally camparable. .:Where.the organic matter - .

content is low, the:colour is generally light grey. . An exception, not

readily explained is the brownish-black of 8F1 (9.73%C).

The colours are given
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The role of the iron ratio is uncertain in the face of such extreme
organic matter contents. Thus the black 8R2 may well be a function of
this factor but probably due to both. To determine the role of the iron
ratio, plasma (L.T.A.) ashed samples would need investigating. However,
if organic matter contents and carbonate .is high, this may produce
sufficient sulphate (Miller et al., 1979) to affect the colour. It was

not attempted. The colour of the L.T.A. of the coal samples is, however,

related to the pyrite content (Chapter 5).

Sample. Numbering
As the sample interval used was constant, except where notable
lithological and section changes, the number of coal samples depended

upon the thickness of the seam. The _thicknesses are as follows. at the

point of sampling:

Eight Feet Seam 248cm
Park Seam 230cm
Yard Seam 154cm
Shallow Seam 265¢cm

The profiles together with predominant coal type and sample location and

numbers are given in Figure l.2.

The Shallow.Seam was designated as follows. The coal samples were
given the prefix SS (Shallow.Seam) followed by. a number, from the top of
the seam downwards from.SS1l. to SS11. The floor mudrock. was described
SSF1 (Shallow Seam Floor) and the roof samples from the highest (SSR1)
to adjacent the seam.top (SSR3).

The Yard Seam coal was sampled at nine.points, .¥Y9 being.the top.
and Y1, the floor of the seam., Samples Y8 and Y9 were taken from.the
'old" roof support section. .The floor samples were described as YFL and

YF2, the latter belng the immediate seam floor. The actual coal seam
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floor is gradational with increasing organic content. The sample Y1 had

a stigmariawhich indicates that Y1l includes the top of the floor. The

roof samples YR1l, YR2 and YR3 were taken such that YRl is the immediate

coal seam roof. The intraseam dirt band is separated by a thin coal,
Y2. The dirt bands are described as Y dirt band 1 and Y dirt band 2,
abbreviated to Ydbl and Ydb2, the former being lower in the seam.

The Park Seam, sampled at two locations was given different
prefixes. The 'old section' taken from the manhole were described 'P'.
The working face samples were given a prefix of '2'. The samples are
numbered from 2.1 at the top of the seam to 2.12 at the base. The
lmmediate floor and roof are described 2Fl1 and 2Rl respectively. A
dirt band wasencounterednearthe base of the seam and sampled as I.D.2.1l.
This is not a coal sample. A thinner dirt occurs higher up the seam
and is included in sample 2.8. It was not realised that a thin dirt was

here when sampling took place and was consequently mixed in with the

coal sample. No attempt was made at separation. This was located in

the manhole section:also.

The Eight Feet Seam was sampled from roof to floor and numbered

from 851 at the roof to 8513 at the base. The floor is 8Fl and the
roof. samples B8Rl and 8RZ2 the latter being an organic rich siderite band

forming the immediate roof. .Towards the floor of the seam is a dirt

band. This, like that in the Yard Seam, is divided.into .three sections

and all fell into.the.sample position.8S10. Thus, they were subdivided

8S10a, b and ¢, from the top to base. 8S8Sl10a consists largely of a

pyritous nodule band enclosed in a . thin mudrock. Although the mudrock
was studied. by XRD there was not enough.sample. for detailed geochemical

study. - 8510b.is.a, thin bright coal sandwiched: between.the overlying

pyritous.mudrock. 8S1l0a.and.-the major.dirt.band 8Sl0c,. beneath the coal.

Cn g
L
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Coal Analysis

Coal analyses were provided by the N.C.B. (Chatterley Whitfield)
of those seams sampled and others closely associated from Lea Hall,
Littleton and Hem Heath (North Staffordshire Coalfield) for comparative
purposes. Of the four seams studied in detail in the present work,
samples were made up using equal weight from each sample. Mudrocks and
dirt bands were excluded. This was analysed by the C.E.G.B. Central
Services Laboratory, Ratcliffe-on-Soar, and thanks are due to K. Kendal
of the Analytical Chemistry Section. As these composite samples are

not complete seam sections they may not be entirely representative.

Nor is it known how much dirt is included in the analyses carried out
by the N.C.B., and the duplicated seam analyses (N.C.B. and C.E.G.B.)

were not sampled at the same time. Variations are thus expected and

found. Coal analysis is covered by Montgomery in Karr (1978).

Proximate Analysis

"The determination by prescribed.methods of moisture, volatile
matter, fixed carbon (by difference) and ash. The term has evolved
from 'approximate analysis' as it was, today the analytical procedures
are gmpirical and precise, and if carried out by the prescribed method

may be duplicated by all laboratories". (Karr, op. cit.).

Moispure: essential;y_wa;er, quantitatively determined by

definite prescribed methods, which may vary according .to the nature of

the material.

Ash:kziqgrggqic residue remaining after ignition of combustible.

substances, determined by definite prescribed means. Ash is not

synonymous with mineral matter. Alteration.takes.place with high

T ] -

is lost from silicates such as clays. .

| ) R t
J{.r : ’
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Pyrite is.converted to ferric oxides resulting in a loss of sulphur,.

The amount lost depends upon the composition of the ash. If there is a
high calcium carbonate, the calcium may combine with sulphur lost by

the pyrite, thus forming calcium sulphate. This is also true for

sulphur lost from organically combined sulphur compounds as sulphur

dioxide. Sodium and chlorine are also lost. The ratio of ash to mineral

matter depends upon the original mineral matter. Various formulas have

been constructed to recalculate mineral matter such as that of Parr

(1932) and King et al. (1936) and are covered in Karr (op. cit.). The

Parr formula uses only ash and sulphur values:

MM = 1.08A + 0.558

A

ash

S

sulphur

The King et al. formula.needs the determination of ash, pyritic sulphur,

mineral C02, and sulphur trioxide in both the coal and ash, and chlorine

in the coal:

MM = 1.09A + 0.5S(pyrite) + 0.8 CO2 - l.lSOB(ash) + 903(coal) + 0.5 Cl

Separate sulphur analyses.have not been.attempted, nor have carbon

dioxide. No attempt has been made to recalculate mineral matter although

the Parr formula could be used.

- Volatile matter: those products, exclusive of moisture, given off

by a material as a gas or vapour, determined by definite prescribed

methods, which varyfacéording to .the nature of the material.

Fixed carbon: in the case of coal or coke and bituminious materials,

the solid residue other than ash obtained by destructive distillation by

definite prescribed methods.

te

-.Proximate analyses:of ‘seams by the N.C.B. and C.E.G.B. are given

in Table 1.3. The C.E.G.B. analyses: were determined on dried samples.

These results were re-expressed on a.dry ash free (d.a.f.) basis.
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Ultimate Analzsis

"In the case of coal and coke, the determination of carbon and
hydrogen in the material, as found in the gaseous products of its
complete combustion, the determination of sulphur, nitrogen and ash in
the material as a whole and the estimation of oxygen" (Karr, op. cit.).

Carbon and hydrogen are determined in one operation. The
determined values include, in addition to the carbon and hydrogen of
the organic substance, carbon present in the carbonates, and hydrogen
in the free moisture of the sample and from the water of hydration of
the minerals associated with the coal. When the data are reported on
the dry basis, the hydrogen is corrected for the moisture present in
the sample as analysed. Nitrogen was not analysed. Oxygen is determined
by summing the other components and subtracting from 100. The result
is affected by errors incurred in the determinations of the analysis and
also by the changes in weight of the ash-forming constituents on
ignition. By definition, oxygen calculated as a weight percentage of
the analysis sample according to this procedure does not include oxyéen
in the mineral matter or in the ash, but does include oxygen 1n the free
water (moisture) associated with the analysis sample. As nitrogen was
not calculated, both oxygen and nitrogen were calcuiated'by difference
and given grouped together. Ultimaté'dhalysis based on:dried.samples*
of the four seams studied are given in Table 1.3}15nd have also been
re-eiﬁressedhon a dfy ash free basis tdla}f:):and not a mineral matter

free (mdm.f.)iﬁasis: The differeﬁbeviéllikely to be small as mudrocks

were excluded.
. $+ﬁ._£ . :‘.f**ri",p‘a. PO ey . oot = o
In terms of elemental composition, plants consist almost entirely
of carbon, hydrogen, nitrogen and sulphur. 1In the process of coalification,

there is a progressive loss of oxygen and a corresponding increase in

l|.;} L] o ,"5- .E;' :r" F i L = ., d 3 o
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the proportion of carbon. The hydrogen content remains fairly constant
within bituminous coals, but decreases progressively in passing from

these to the anthracites.

- r——— —
- — ——— el

Other properties of the material undergoing cocalification also

show well-defined changes; the volatile matter decreases at a variable

rate, the calorific value increases to a maximum in the low wvolatile {

steam coals (Coal Rank Code 200)., and then decreases, and the moisture

shows the opposite trend, reaching a maximum in bituminous coals. These

trends*with rank are covered in Stach et al. (1975).

The Classification of Coal bz Rank

In order to classify coal by rank, use can be made of one or more

properties that vary in the same direction throughout the rank range,
for example carbon, oxygen and volatile matter. Several classification
systems have been devised, probably the best known by Seyler (1948).

A simplification of the system used by the N.C.B. for coal classification

can be used to indicate the rank of coal expected in the four Lea Hall

and Littleton Colliery seams studied in detail.

Volatlile matter expressed on a d.a.f. basis (though should be
m.m.£f.) ranges from 37.2% (Shallow Seam) to 40.9% (Yard Seam). Over 32.0% V.M.
are classed as 'High volatile' coals with a coal rank code of 400 to 900,
and as H.V.'A' bituminous coals have volatile matter content of 31% or
less, must be in the H.V.B. or ‘H.V.C. class (Karr, 1978). 'Further sub-
division uses the calorific valué,”wﬁich,‘unfortunately, is not available.
The carbon content (d.a.f.) ranges from'79:56% (Yard) tb"82.é9%i(Ei§ht
Feet): and this falls 'into the range 700, ‘800, 900. The N.C:B. 'The
Coalfields of Great'Britain, Variations in Rank of Coal' by Wandless
(1960),-gives Lea Hall-‘as predominantly 800“(hi§hfvbléﬁiie,-very wéaﬁly |

caking) and limited 900 (high-volatile, non-caking) and Littleton slightly'
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higher in rank, a function of greater tectonism and burial, as predominantly
800, with some 700 (high-volatile, very weakly caking). The major uses of

coal of these ranks are: 700 'general purposes', 800 and 900 ‘high

volatile steam and house coals'. N.C.B. information (Chatterley Whitfield,

provided by Mr. J. Atkin) gives the seams as 800, and work based on the

moisture holding capacity (Thomas and Damberger, 1976) shows the coals

to be high-volatile bituminous 'B!' based on the moisture content.

Macroscopic Seam Sections and Formation Curves

A subdivision of seams can be made by a 'naked eye' appraisal of
the coal types on the relative proportions of coal lithotypes and then
expressed on a sub-class basis of bright, bright banded, dull banded and

dull coals, and carbonaceous shale.and shale. Tasch (1960), summarised

in Stach et al. (1975), showed that lithotype formation results from

different subsidence rates within the swamp. Fusain, for example,-

represents low rates of subsidence, shallow water and frequent access to

alr. Vitrain and clarain represent shallow flooding, durain deeper water

and carbonaceous shale and shale representing the deepest water, or

'wettest' conditions. Adopting this order to represent the six layers

the curve of the measured seam section is drawn by Tasch (op. cit.) in

the following way:

"If the 1ithotype occurring at the floor of the seam is overlain by
a second lithotype represented at a higher level in the diagram, an

oblique line is drawn from the lower boundary line of the band in the

diagram corresponding to the bottom lithotype to t.he upper boundary line

of the second lithotype. 'I‘he horizontal distance on the diagram between

the two points of intersection of this oblique line wit.h the boundary

—ry

lines of t.he two bands in question represents the thickness of the 1ower-

3 ;“* P L




most lithotype. If the next (third) lithotype of the seam, moving
towards the roof, is represented by a lower band in the diagram, an
oblique line is drawn through the band representing the second litho-
type, down to its lower boundary:line, the horizontal distance between
the two points of intersection again representing the thickness of the
lithotype. If the third lithotype is not adjacent to the second in the
diagram, a vertical line is first drawn down to the band representing
the third. The length of this depends on .the nature of the next (the
4th) lithotype. The vertical line will be extended to the lower

boundary line or stop at the upper boundary line of the band correspond-
ing to the third lithotype according to whether the fourth is located
above or below the third in the diagram. From this point onward, the

same procedure as described continues.

If however, a subsequent lithotype finds its proper place on the
diagram in the band immediately below the band representing the under-

lying lithotype, no vertical line is drawn. In such a case, an oblique

line is drawn from the lower boundary line of the higher band which
coincides with the upper boundary line of the lower band, up to the

lower boundary line of the latter. The angle should be so chosen that
the horizontal distance between the intersections of the obligque line
with the upper and the lower boundaries respectively corresponds to the -
thickness of the lithotype." .

The curve reflects the rate of subsidence .and reveals phases in
seam formation. Ii';ﬂ forms .the basis.for comparing profiles relatively
independent of lithotype composition.. .For example a dull-coal may be a.
carbonaceous :shale elsewhere:with:a small change .in the .subsidence rate.
The occurrences can be used.to show'a similar:trend, as seam formation

1s simultaneous over. the whole area.although lithotypesimay not. Dull

layers are often of wide lateral extent as are dirt bands (and tonsteins).
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The present profiles have been drawn from two sources, those of
the present research only from those samples taken - and thus are not
whole seam profiles - and those whole seam profiles sampled by the N.C.B.
for Dr. I. Holmes' chlorine research. 'Average' characteristics have
been used in both groups, divisions being made at a sub-class level.

The seams studied and shown in Figure 1.4 are the Littleton Benches,

Eight Feet, Park and Shallow and the.Lea Hall Yard (twice), Shallow and
Deep seams. No attempt has been.made to standardise .the sampling inter-
vals, hence the two Shallow seam profiles are, in reality, of similar
thickness. Comparisons are difficult. It is obvious that the coal
forming basins changed across the accumulation area, fram the character-
istics of the Shallow Seam at Lea Hall and Littleton. There is more
variation at Littleton in the lower part of the seam and shallower water
bright coal predominates at Lea Hall. Further evidence of greater
subsidence at Littleton is in the occurrence of two dirt bands which are
not found at Lea Hall. There is an overall trend to deeper water towards
the top of the seam with a durain rich horizon before returning to
shallower.bright coals. The Yard Seam, sampled twice at Lea Hall, also

shows variation. The dirt band near the floor is well established in

both sections but in the section that I sampled, .the variations through
the band have been emphasised,,as have theﬁ variations in the roof samples.
If the root' section is ignored,b then similar profiles result. There:is

a shallow, bright coal.below.,and above the dirt band, succeeded by the
deposition of a deeper water dull coal horizon followed in turn, by a
return to shallower bright banded coals in the N C.B. section and becoming

K

predominantly bright at the t0p of the seam in the samples that I. have

%

taken. As the divisions between coal types are subjective, and not made

on a quantitative basis, minor differences may not. be significant.

v
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CHAPTER 2

REGIONAL GEOLOGY - THE CANNOCK COALFIELD

General

The Cannock Coalfield or Cannock Chase Region is applied to the
whole northern region of the South Staffordshire Coalfield lying north
of the Bentley Faults (Mitchell et al.,1945). These faults, which run
generally westwards from Walsall to Short Heath, conveniently divide the
coalfield into the productive measures of the north from the largely

exhausted but historically important "Black Country" between Wolverhampton,
Walsall and Halesowen to the south - the limit of economic coal. Recent
mining' developments are to be found in the north of the Cannock Coalfield
and the extensions of this field beyond the 'boundary faults' beneath a

thick covering of Triassic strata. The proved extension of this field

to the north reaches the proposed site of Park Colliery immediately east

and north-east of Stafford. A location map is given in Figure l.l.

Surveying the area dates back to 1852-56 by Ramsay et al. for the
'0ld Series' one-inch map Sheet 62. Partial revision extended up to
1886. dJukes (1853) described the coalfield in 'The Geology of the South

Staffordshire Coalfield, First Edition', and in the Second Edition (1859).
The northern area was re-surveyed by Gibson and Cantrill, and-the:
correspoﬁdiﬂg ﬁemoir, "The Geology of the Country around Lichfield"
(Barrow et al.f*appeafed in 1919. The one-inch 'New Series' map, 'Drift

Edition' was publishea in 1923 and the 'Solid' edition in 1926. The
western sectiég of the coalfield is covered by the 'New Series' Sheet '153
- Wolverhampton (1929) and the accompanying memoir by Whitehead et al.
4(1928); k&ﬁé fgéis 1942-43 saw the revision’'of the Cannock Chase Region
Qith particular reference to mining information obtained from underground

and opencast exploration. This work, 'The Geology of the Northern Part

a A — — ————
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of the South Staffordshire Coalfield (Cannock Chase Region)' by Mitchell,
Stubblefield and Croockall (1945) is the most detailed account of the

stratigraphy, structure and palaeontology of the region. The British
Regional Geological Guide, Central England (Halns, B.A. and Horton, A.,

1969) gives the most up-to-date overall coverage.
Before studying the peculiarities of the Cannock Chase Region it is

necessary to study the stratigraphy and structure of the South Stafford-

shire Coalfield in its entirety.

The South Staffordshire Coalfield and its Extensions

The South Staffordshire (Staffs.) Coalfield is a spindle-shaped
area of Coal Measure strata surrounded by younger rock of Permo-Triassic
age. It appears as an 'island' of Upper Palaeozoic rocks into which
anticlinal folds have exposed small areas of older rocks (Mitchell, in
Trueman, 1954).

The coalfield is some 40km long about its north-south axis reaching
Brereton, near Rugeley inthe north, to its southernmost termination, the
Lickey Hills (Figure 2.l1). The coalfield is generally bounded by major
faults which are roughly parallel and are 1l6km apart in the central portiog
of the coalfield (Hains and Horton, 1969). To the north-west, the concealed

coalfield reaches at least to Sandonbank, 4.5km north-east of Stafford.
A full Coal Measures sequence has been proved to the south-east of Rugeley
as far as the Whittington Heath borehole, near Lichfield (Hains and Horton
op. cit.). To fﬁe éégt of Rugeley, the sub-Triassic extension is mined
by Lea Hall Colliery, l;ékm:south;east of the t;;n. Tgithe'ggst ofhthe
coélfiéié; beneé£h‘the Triagsic unq;nfofﬁity, Coal ﬁéa;ﬁfes gprata are

found at depth but the area is subjected to much faulting (Mitchell, op.

PR

cit.).

R




23

Stratigraphy

Pre-Coal Measures

The Lower Cambrian is found outcropping in the extreme south of the
coalfield forming the N.N.W. treﬁding Lower Lickey Hills (Hains and
Horton, 1969). No Ordovician rocks are to be found in the area, nor in
Central England and the majority of the Coal Measures floor is Silurian
in age. Ordovician and Silurian sedimentation was controlled by the
stable Midland Block and the subsiding-Welsh geosyncline (Wills, 1951;
1956) or the southern continental margin of the Iapetus Ocean in
- contemporary thinking (Anderton et al., 19?9). Continental collision

in Upper Ordovician - Silurian times destroyed previous 'basin' and

'shelf' facies.

Upper Llandovery
Rocks of this age are confined in general to Great Barr (eastern

coalfield) and the North Lickey Hills near Rubery (south of coalfield).

The outcrop is close to the surface in the south-west at Stourbridge and

at Walsall is found to be composed of fine sandstone with shale partings,

occasionally calcareous and sometimes fossiliferous. Younger breccias

and conglomerates often contain Upper Llandovery rocks indicating that

the outcrop was considerably larger in pre-Upper Coal Measures and

Triassic times (Hains and Horton, op. cit.).

F'Wenlock Series

Wenloc# Series fOQFS are fpupd in the inlier to the east of Walsall,
dipping“?ortp-wqgfquy,’ 3o;gho}g*§pd shaft evidence prqves:tpehstrata
petweep.walsgllwagd Rowley{Regi% along the same strike;iHTheaBﬁrr,Ltme—
stong, ah};mestone/shélefsgquence with;a‘shelfifac;es is t@elbasal
member., Th; Qeﬁiock éﬁ%les:dlggto 213$.of grey/green shales with

occasional thin limestone are exposed and proved@ in boreholes along the
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south~eastern side of the coalfield between Halesowen and Walsall. A
limestone/shale sequence, the Wenlock or Dudley Limestone, including
Calymene blumenbachii (the 'Dudley locust'), is located in the Walsall

inlier and in the small faulted folds at Wren's Nest Hill, Dudley Castle,

Hurst Hill and beneath the Coal Measures at Rowley ‘Regis.

Ludlow Series

Confined to the inliers at Dudley, Sedgley, Turner's Hill and

Walsall are the flaggy and nodular Ammestry or Sedgley Limestone and

the Upper Ludlow Shales composed of sandy, calcareous flags with lime-

stone nodules, silty shales and sandstone with a benthonic fauna (Hains

and Horton, 1969).

0ld Red Sandstone

et

I T
The end of the Silurian saw the climax of the Caledonian Orogeny.

Folding, however, had little effect on Central England until well into

O.R.S.times.The environment changed from the Upper Ludlow shelf sea to

¥

subsiding delta plains supplied by sediment from the newly formed

mountains. The intensifying orogeny during the Silurian produced

progressively coarser sediments passing from marine to deltaic, brackish

water deposits, confined largely to the north west of the Midland block

(Hains and Horton, 1969).

Downton Series

The floor of the north west and south west coalfield is formed by

Downton Series rocks, exposed in a number of inliers in the south west,

.i ='l -
4

1

especially at.Turners Hill and Gornal (south of Sedgley)
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The succession

fishes Didymaspis ’ HemigzclasEis and Onchus (Ha:l.ns and Horton, op. cit.).
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Carboniferous

The Carboniferous Period saw markedly changing environments. A
return to marine conditions during the Dinantian was succeeded by the
shallowing of the seas and detrital, often coarse sandstones associated
with delta formation, the cyclothems of the Namurian:. The succeeding

Coal Measures extend the rhythmic sedimentation of the Namurian but with

a much reduced marine component. The Upper Coal Measures saw the

progression into entirely non-marine red measures, and expression of the

oncoming Hercynian Orogeny.

Carboniferous Limestone Series

Rocks belonging to the Carboniferous Limestone Series are exposed
only in a few small inliers, boreholes and colliery workings in the
northern part of the South Staffordshire Coalfield. The influence of

St. Georges Land and the Mercian Highlands basement was instrumental in

the distribution of these strata, lying with marked unconformity on the

Lower Palaeozoic rocks and thinning rapidly to the south. The rocks are

typical of the 'block facies', slowly sedimented, well bedded limestones

with a rich coral and brachiopod fauna.

Namurian

Uplift and erosion produced a marked unconformity before Namurian
rocks were deposited. A series of deltas along the northern side of
St. Georges Land saw a primarily marine environment, becoming rhythmic,

passing from marine to. deltaic including thin fire clays

RO e o, Yo i 'q.,lﬂﬁ R o o ‘.#..‘ rn

and coals. Fossils are rare except in the marine component, especially

goniatites, lamellibranchs, brachiopods and fish. Subsidence northwards

[
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away from the block saw increased thickness of Millstone Grit strata.
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Thus in a'borehole at Rugeley, 23m.of Millstone Grit strata are penetrated,
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decreasing to nothing in the south (Hains and Horton, 1969).

™
po 4 b - ! : 4 ) ' 4 C f T
¢ L ey '4 4 L A w " ol |'= I Kl - -
-

S

- 1Y + f - -
- o t a
""'.:"l - - . : ” E R g ok "‘;1- Ir __,'l 1-:




Vi
k
3

Lower and Middle Coal Measures

Coal Measures rocks were. deposited on the Namurian Millstone Grit
deltas, their source in the north, spreading and covering most of the
north Midlands. The centre of subsidence lay in the area now occupied

by Manchester, and thinned as the

* . L
- tf-lh..*l, i i

sediments approached and overlapped the
EERR G o <L R B

stable basement massifs such as St. Georges Land to the south. This

had a marked effect onrthe sediments and the thickness of the succession.

Supply generally exceeded subsidence producing delta flats on which

vegetation flourished when above sea level. Marine incursions were few

and far‘between even when compared with the Namurian. The effect of
differential subsidence is seen in progressive thinning of Lower and
Middle Coal Measures sgccessions (Figure 2.2). Together they represent
1220m of deposits in the North Staffordshirg Coalfield, 550m at Cannock
and 200m.in1the South Staffordshire Coalfield. Thelcoa;?portion of the
succession becomes progressively more dominant and theiseams thicken in
this direction reaching a maximum in the historically important Dudley
region. The classic example 1? the Thick Coal, reaching 9 to llm at
Dudley, produced by long pgriods of‘stabil}ty with little subsidence.
Further north intraseap,dirt band; ipcreasgrtheir thickness and the seam
is split into the Park, Eight Feet and Benbhes Seams. At Lea Hall
Colliery, 64m of sediments represent the Thick Coal of Dudley. South of

Dudley, the coals deteriorate and thin, the lower coals failing first.

South of Stourbridge and Halesowen coal is no longer workable'and 'seat earths',

once the basis' of the refractory industry, predominate. ' ' 7 -~ it 7
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The characteristic Millstone Grit’tﬁythmibFSédimént;tibn continued’
in the Coal Measures but’ the -lithology changed. . The sediments became':
increasingly terrestrial “and thé?“s‘traltiigfaphiqiallyh important marine bands,

7with‘theif“chaféctériStiq.goniatité*fauna,'diminishéd*iﬁzfrééuéhdf”and
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thickness. The coals thickened and became more common énd the sandstones
thinner, finer and more localised. A typical ‘'complete' rhythm or

'cyclothem' is:- seat earth, coal, marine mudstone, non-marine mudstone,

siltstone, sandstone, seat earth. This is rarely complete and

considerable lateral variations, due to channel position, often (randomly) |

controlled the sub-environment of deposition. The depth of downcutting i
often affects the completeness of the rhythm. Duff and Walton (1962) in
an attempt to define statistically the most typical Coal Measures cycle,

using the interval between successive rootlet horizons, identified 1200 cycles

of which there were 320 different types.

On average, only 2% of the lLower and Middle Coal Measures 1is coal
(Hains and Horton, 1969). Grey and black mudstones and shales, collectively

termed 'mudrocks' (Black, Middleton and Murray, 1972; Taylor and Spears,

1981) dominate the succession. Their colour 1is controlled by organic
matter and the oxidation state of the iron present (Potter, Maynard and
Prior, 1980). Sandstones are fine grained, cross—bedded'and often lenti-
cular, passing laterally into mudrocks. The floor'measurés, rooflet beds

or seat earths, vary from mudstone rich fireclays with a high kaolinite

contact, to sandstone rich 'gannisters' (Rayner, 1976).

Coal Measures Division

Many schemes have been proposed to divide the Coal Measures using

fossiliplants, non-marine lamellibranchs:and marine bands. A summary of
the divisions is given-in Table 2.1.. Kidston:(1894, 1905 ) proposed a -
four-fold division based on plants, modified by Crookall (1931, 1955)

but whichrsuffers from vague boundaries. Three major marine bands were
thus included to delineate the divisions between the lower -two divisions
(Westphalian A-and‘B), as.proposed by the Heerlen Congress of. 1927 (Hains

and Horton, 1969), and together with the use of palynology,, this system

1s used with some success ‘in correlation. : Hind (in Hains and Horton,
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op. cit.) proposed the use of non-marine lamelllbranchs but this

conflicted with the plant division and fell from favour. In conjunction

with coal seams and marine bands to overcome poorly defined boundaries,

they can be widely used (Trueman and Weir, 1946).  Marine bands were
often used locally but with the realisation that the major marine bands
are continental in extent, wide geographical correlation using marine
fauna was possible. Stubblefield and Trotter (1957) re-defined the Lower
Middle and Upper Coal Measures using the goniatites Gastriloceras .

subcrenatum (base), Anthracoceras vanderbeckei, (base of Middle Coal

Measures) and Anthracoceras cambriense (base of Upper Coal Measures).

The latter is found only in parts of the South and North Staffordshire

Coalfields due to the diachronous nature of the boundary (Hains and

Horton, 1969) and the unconformable Permo-Triassic strata.

The Cannock Coalfield Succession

The lowest productive Coal Measures of the Cannock area are
relatively unfossiliferous but near the base is the Fair Oak Marine Band
(Gastrioceras listeril and Gastrioceras retrorsum), located near Rugeley.
The Stinking Marine Band divides the Lower'and Middle Coal Measures;

The Middle and Upper Coal Measures boundary is represented by the Bay

|

Marine Band of the North Staffordshire Coalfield and appears "to correlate

with the marine band above the Silvester's Bridge.Marine Band of the

Cannock area. Approximately 85m of grey Productive Coal Measures are

s,
e

present above the highest mussel band at Cannock Chase,'but are not found

to the south and their age is not certain (Mitchell, 1954)

The succession through the Coal Measures at Lea Hall Colliery is

given inLFigure 2.3. This 1s typical of the Cannock Chase Coalfield and

thus applica_ble to thtleton Colliery. The unconformity between the Triassic
* g xf - : ) - w - o 4 $ ??‘.:.‘:- ) ﬂ;h. _ > o J’ . ;‘ T e,

and.Carboniferous is marked and leads to rapid lateral changes in the

i
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level of the seams below the unconformity leading to quite thick barren

e e am e man'— b -
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Upper Coal Measures in places (R.H. Hoare, N.C.B. Western Area, Chief
Geologist, personal communication). A detailed account of the Coal
Measures succession in the Cannock Chase area covering the seams and
palaeontology in detail is given in Mitchell et al. (1945) from which
a review follows.

Some 76m of strata, including the Fair Oak and West Hill Marine
Bands, are found below the lowest workable coal in the north, beilng
reduced to 15m in the south (Mitchell, 1954). The Mealy Grey Coal of
the north fails southwards. The Deep, Little Deep and Shallow coals
come together to form the Bottom Coal in the south. Local basalt 'trap'
or 'green rock' intrusions are found in the Shallow Seam. The Bass
Rider, Bass and Yard Seam (Cannock) become the New Mine Seam in the
south. The sulphurous Stinking Coal has been produced by the marine
band of that name which forms its roof. Locally important sandstones
are found in the measures above. The Heathen Coal sometlmes splits
into an upper and lower leaf. The Park, Eight Feet (or Wyrley Bottom)
and Benches coalesce to form the Staffordshire Thick Coal south of the

Bentley Faults where it 1is largely worked out. The Sub-Brooch Marine

Band lies 15m below the Brooch Coal, This is the highest persistent coal
¢ 0 7 : , ’ P S S S SO :
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(Mitchell, op. cit.). The Charles Marine Band and coal are locally

important in the north of the coalfield together with other less economic

seams, the Wyrley Yard, Bottom and Top Robbins, Heath Hays and Wimbleberry
Cannel above'the marine band. 'The Silvester's Bridge Marine Band overlies
the Top Robins Seam followed by mussel-bearing shales. The highest grey

Coal Measures pass into the Etruria Marl, their boundary being uncertain

(Mitchell, 1954), ~~ - -~ "%

Nodular ironstone horizons were once éxtensivélyﬂworkédJ "The most

important, the 'Diamond', -'Silver Threads' and 'Blue Flats' lie below the

'Deep Coal' and the 'Pennystone' and 'New Mine' between the Stinking and
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Heathen Coals (Mitchell, op. cit.).

Upper Coal Measures
The succession of the Upper Coal Measures is still rhythmic but this
is less obvious 1n the red beds. Deposited in the same basin as the
North Staffordshire Coalfield, the succession‘is similar from the Etruria
Marl upwards. The Middle and Upper Coal Measures boundary is diachronous
and conformable with increasingly thick productive Grey Measures present
when traced northerly away from the basement influence. Local uncon-

formities due to the oncoming Hercynian Orogeny are frequent.

Etruria Marl Group
The Middle Coal Measures grade into red, purple, ochrous, mottled

unstratified marls of the Etruria Marl Group, with common breccila

horizons, the 'Esplay Rocks'. Well developed in the west of the coal-

field, they thin eastwards (Mitchell et al., 1945).

Halesowen Group

The Halesowen Group are redtmottled.marls including a buff and
purple sandstone. Near the top of the succession is a 0.6m spirorbis

limestone which contains gastropods and fish remains (Mitchell et al.,

1945) . Exposures are confined to the soufhérn margin of the coélfield.

Keele Group

Well exposed along the southern margin of the coalfield, and

proved by borings and shafts in the east, the Keele Group is present in

few places in the west. The succession base is a conglomerate of marl,
limestone, sandstone,: chert and quartzite, followed by a sequence of red,

purple marls and sandstones with a spirorbis limestone. : The succession

is 198m thick (Mitchell et al., 1945)., - ...
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Permian

Enville Group

The Enville Group has been variously defined as highest Coal Measures
(Mitchell et al., 1945; Mitchell, 1954) but is now taken as the Permian
base (Smith et al., 1974)., Considerable thicknesses of mainly red conti-
nental sediments were deposited in a series of troughs and basins in the
Midlands. Their correlation is uncertain as is their relationship with

the Keele Group. The boundary is located in the Four Ashes borehole and

is probably conformable on the eastern side of the coalfield. 1In the

borehole 132m of deposits are found (Mitchell et al., op. cit.) although

up to 460m are found elsewhere in the coalfield.

Triassic

There is no palaeontological evidence for the Permo-Triasic boundary.
The Hopwas Breccia, underlying the former Bunter Pebble Beds, was taken
as the boundary (Mitchell et al., 1945). Warrington et al. (1980)
redefined the Triassic nomenclature. The arenaceous lower units of the
Bunter and Lower Keuper have become the Sherwood Sandstone Group, the

base of which is strongly diachronous. The lowest Triassic strata 1s the
Cannock Chase Formation, a poorly cemented sandy conglomerate. The base

is essential knowledge in mining the concealed Cannock Coalfield because

of the poor cementation and saturation.

Igneous Intrusions

Intrusions are restricted to the large olivine basalt outcrops at
Rowley Regis, Wednesfield and .-Pouk Hill (Mitchell, 1945). Occasiocnally

they are found in the coal seams destroying or metamorphosing the coal

into hard, stony 'black coal'. Detailed coverage of their alteration is given

hs S e J'?’ﬁ“‘ﬂ""'wm e
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in Mitchell et al. (1945). The 1ntrusions are - probably related to Triassic earth-

R it M TN gy Smemegset 5 TTEOTY

movements (Gibson, 1927;‘MitChell, 1954) .
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Structure

The strueture of the coalfield is complex (Figure 2.1). The north-
south anticlinal inlier now exposed is essentially Hercynian but pre-
Carboniferous activity certainly took place (Gibson, 1927; Mitchell, 1954).
Maximum uplift probably succeeded the Enville Group marked by a strong
unconformity (Gibson, op..cit.). Late Triassic movements produced gentle
folding and the boundary faults (Mitchell, 1954). The Rugeley or Eastern
Boundary Fault has a throw of approximately 560m to the east. North of
Walsall it becomes the Clayhanger Fault and is joined by the Vigo Fault
which dominates the suite,skirting the Lower Palaeozoic inlier at Walsall,
terminated eventually by the Birmingham Fault. To the east,Triassic
strata overlie thick Coal Measures, at least as far as Whittington Heath,

near Lichfield (Bennett and Scurfield, 1951; Mitchell, 1954). North of
Cannock Chase, Coal Measures strata reach the Stafford ('Park') area.
To the west of the coalfield, Littleton, and previously Hilton Main,

collieries mined the concealed measures. Hilton Main revealed strong

faulting and sharply folded productive measures {(Mitchell, 1954) whilst
borehole evidence and surface mapping indicated the presence of the

Bushberry Fault, a series of large west throwing fractures. The faulting

in this area of the coalfield produces much repetition of the strata.

Large faults south of Wolverhampton, the Western Boundary Faults, terminate

mining in this direction. *

The structure of the Cannock Chase Coalfield is covered in detail by
Mitchell et al. (1945). Within the exposed coalfield the strata generally
dip westwards, increasing in angle in this direction. Folding is more

important south of the Bentley Faults (Mitchell, 1954). These faults lie
east-west between Birmingham and Wolverhampton and are associated with a

broad arch which separates the historically important Dudley area from

the Cannock Chase Coalfield. The Dudley area is a trough which can be
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divided into two sub-basins, the exposed coalfield being the exposed
arch between the two. The basins are at Wolverhampton in the west,
and Birmingham in the east. The coalfield is basement controlled
following two trends. The first follows the northerly Lickey Hills,
Dudley - Sedgley trend and the second runs from the Netherton axis
then parallel to the Dudley Port trough-fault to the eastern outcrop
of the Walsall inlier. The major faults follow these trends or their
north-south, east-west resultants (Mitchell, 1954). North of Darlegﬁén
the Thick Coal crops out and lower measures are introduced until the
Deep or Bottom Coal is at a shallow depth on the upthrow (southern)
side of the Bentley Faults. North of these faults, higher measures
are introduced, striking generally north-south, and the Thick Coal is

represented by several thinner seams.

A simplified account of the geology is to be found in the included

papers, Caswell, Holmes and Spears, parts 1l and 2 (Appendix 1 and 2).
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CHAPTER 3

WATER-SOLUBLE ELEMENTS IN COAL AND ASSOCIATED STRATA

The investigation into the major water-soluble elements in coal
and associated strata is an important part of this research project.

It is an essential part in the understanding of chlorine behaviour and

predicting its origins and location within the strata, andfheﬁce its
potential release. It is to this end that water-soluble elements have
been studied, and not primarily as a study of the elements for their
own sake.

Work on water-soluble elements in the geological literature is
limited. Spears (1974) found water-soluble cations present in Carbon-
1 ferous shales when studying the relationships between exchangeable
cations and palaeosalinity (Spears, 1973). An association of high
Ca2+'andﬁMg2+, low Na+ and K*'was found with marine strata whilst in

the non-marine section the pattern was reversed., Spears (1974) suégested
that these water-soluble cations were formerly exchangeable cations which
were released into the pore water as diagenesis eliﬁinated samedex-
change sites. Fellows (1979, Ph.D. Tﬁesis) studied througﬁ;seam
variations in water-soluble elements in the Barnsley Main and Top

Hard Seams. In the field of coal research, water-soluble extractions

from coals have long been-studied especially in an attempt to predict,

+
then reduce, the level of pollutants such as Na andK*, and more

recently, Cl . Much of the early work involved the analysis of Ccl

+ _
in order to predict the Na present,as Cl was much more easily analysed.

Later, with serious fireside corrosion problems in therﬁal power - -

stations, associated with high cl coals, the emphasis of investiga-

tion shifted. Cl and the associated major cations Nd+, Kf, Ca2+ and
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Mg2+were often analysed, but as these studies were related to bulk

coal consumption, run-of-mine samples were used. This may mask within
seam variations which may provide important additional information in
the understanding of water-soluble element distribution within coal

and associated strata.

As a noted.high.Cl_ coalfield, the Cannock Coalfield was chosen

for investigation (Daybell and Pringle, 1958; Bettelheim and Hann,

1980; Saunders, 1980). Comparisons between the seams and collieries

of the present work was supplemented by additional work carried out
for the N.C.B. (see Section 3) by Dr. I.F. Holmes (Post-doctorate
research award) on a further seam from both Iea Hall (Deep Seam) and
Littletonl(Shallow Seam) and from the North Staffordshire colliery
Hem Heath (Yard-Ragman Seam).

It is intended to investi'ga‘ute the water-soluble cation and anion
behaviour in this section. As this has a major contribution to the

behaviour of chlorine, some of the work will be repeated later in this

thesis .- (Chapter 4).
A method devised to identify the associationship between water-

soluble chlorine and coal type using stains and acetate peels is included

in Appendix 3 (Caswell, 1981).
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SECTION 1

LEACHING EXPERIMENTS - PRELIMINARY STUDIES

A series of experiments was set up using different size fractions,
sample sizes and dilution factors to’investigate different aspects of

the water-soluble element distribution. Initial leaching experiments

were conducted on run-of-mine coal from the Lea Hall Shallow and Ham
Heath Winghay seams supplied by C.E.R.L. An experiment based on the
methods of the C.E.R.L. and N.C.B. showed that water-soluble cations
and C1 determined comparable ‘results with that of the aforementioned
industries. The percentage Cl extracted was based on the C.E.R.L.
figure for total Cl and the results given in Table 3.1l. The Winghay
Seam coal exhibited markedly different leaching characteristics when
compared to the Lea Hall seams and shown by the C.E.R.L. to leach a
much lower percentage Cl-.. Although the sample from this seam may

not have been typical of the whole seam, it was notable that bright
coal predominated over dull coal. Leaching experiments were conducted
on the two coal types on a relatively coarse size fraction (30-72 B.S.S.

mesh) and the major cations determined. Little ‘difference was found

except for Na . The values after 24 hours leaching are given in
Table 3.l.and indicate far higher chloride (Naf+ is inevitabiyﬁcl_
associated in the leachates) leébhingrfromtthé*dullqébal;‘ The signifi-

cance of this observation will become clear in the total chlorine '

section (Chapter 4). Also notable are the differing leaching rates

(Figure 3.l).

------



37

Water-soluble léaching experiments

1. As the intial experiments showed promising results, the technique
was applied to the Littleton Eight Feet Seam to study both the diffu-
sion rate from the 30 to 72 B.S.S. mesh fraction and the water-soluble
elements. Aliquots were taken over set intervals for 25 hours. The

samples were crushed in polythene bags by hammer. No attempt was

made to separate different coal types within a sample nor to remove

mineral matter.

2. The samples crushed for 1 were further sieved through finer meshes.
Analysis of water-soluble Cl alone was made on the 150-200 B.S.S. mesh

fraction.

3. The same sub-samples used in 1 were crushed by hammer then further
ground in a mechanical agate. It was thought that tema grinding may
have detrimental effects upon the organic matter and thus affect the
leaching rates via unwanted side effects (C.E.R.L. internal document).
Sub-samples were tema ground for a minimum period and the results
compared. Using the F ratio, all major cations exceptK* (the values
of which were very low) were shown to be similar at the 95% level.

cl determination was made by colourimetric analysis in the initial

standaridisation experiments. fCl- investigations made by Holmes

g

at Sheffield for the N.C.B., = showed that Mohrs titration was a more

accurate and reproducable technique. In subsequent experiments all

samples were tema ground for a minimum period and Mohrs titration was

used for water-soluble le determination.

30 to 72 B.S.S. mesh fraction Eight Feet Seam -

Method

- U : L™

A large sample (40 g) was diluted in a ratio of 1:12 with distilled

water and aligquots were extracted at set intervals over a 25 hour
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period following the method of the C.E.R.L. (internal document). The
sample was stirred over a mechanical stirrer at slow speed to prevent
breakdown of samples to a finer size. Aliquots here extracted from
the suspension using a syringe-pipette and the coally matter was

removed under suction in a Whatman flask using fine filter paper. The

major cations Na+, KT, Ca2+ and Mgz+ were analysed by atcmic absorption

spectroscopy and C1 using colourimetric analysis by spectrophotometer,

pH was taken in the solution immediately before sampling usind a pH

electrode. HCOB_ and 804'were determined by titration but found to be
negligible. The sample temperature was also monitored and varied over
a range of 5°¢C (22°%¢ + 2.5°C). A similarly prepared blank was run with

all the samples. Aliquots were taken at set time intervals for use in

the diffusion study. As the leaching rate is markedly exponential and
leaching essentially having ceased after a couple of hours, the analyses

obtained after 25 hours was used as the final result for this size

fraction.

Seam Profile

The profile of major cations and Cl1 are given in. Figure 3.2.
There are considerable through seam variations that far exceed analytic

variation and are thus attributable to true differences between

samples. When compared to the 150-200 B.S.S. mesh and tema coal, the

values are reduced as would be expected from a far coarser grain size
; T ‘t . i o “t_ & oY e 9
and a considerably smaller surface area available for leaching or

* - ;]1.

reaction. This is particularly notable in the case of cl , Ca2+ and

2+-‘ + . . L4 ;'E - S, ” i s iheﬁ H" r‘r:‘; i
Mg . Na , although lower 1nithe coarser fraction is not notably

%

different, K is low throughout the profile. rising to a minor peak
{ C e .

in the roof*sample 8Rl. As K. is prcbably clay associated (illite)

- "
. e

this may be expected. However, the floor and.dirtﬁband samples are
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not considerably different to that of the coal samples and may thus

be attributable, at least in part, to ground waters.

Ca2+ and.Mg2+ have similar profiles which suggest a similar

source, at least within the coals. Similar diffusion rates back this

hypothesis. If the ratio of Ca2+ toMg2+ is taken, there is consider-

able variation. Many of the Ca2+'va1ues are far in excess of that

expected by solution of ankerite and thus it must be concluded that

calcite too must be present in some .samples. Complications arise at
+
the foot of the seam in 8S1ll, 8S12 and 8S13. Here, Mg2+ exceeds Ca2

and another source, possibly ground waters are making some (variable)

contribution. The contribution made by mudrocks is negligible. B8R2

is a contributor to the water-soluble Ca2+ and Mgz+ but this is

essentially a siderite.

-+
Na values exceed the other major cations in solution, varying

between a maximum of 1110 ug/g (8$5) and a minimum of 355 ug/g (8S1l2).

The four mudrocks have similar values (615 to 745 ug/g) and are slightly

higher than the coal seam average. However, the coals show consider-

ably greater variation, reaching a peak about two thirds of the way

up the seam.

The Cl curve is comparable to that of Na+. Thelr profiles are

sub-parallel and C1 reaches a.oaximum.of 1735 ug/g in the same
+ i . ) - . " . , 2 ‘ ]
sample as the Na . The mudrock Cl wvalues are lower than the coal

seam average,ﬁbeing comparable to the coal seam.average; In the floor
(8F1) and roof (8Rl), Na" exceeds Cl but.in.no other samples does

. '" + ¢ t e Tz ¥y y .
this occur. An association between Na and Cl in the coals is seen

in their correlation (r = +0 88, 99% significance) Mudh of the early

L

research into the form of chlorine suggested that it was combined with
et + -
Na . It.is evidentq however, that.although the Na*'(Cl equivalent)



may account for all the Cl  in some samples, and in the mudrocks exceed
the Cl1 , this is not the case in all the coals (Figure 3.2). The
reduced major axis regression does not plot through the origin.but

- +
intersects the Cl1 axis at a value of 340 ug/g which is not Na

associated (Figure 3.3). Ca2+ also shows a significant correlation

with Cl1 (r = +0.73, 99% significance) and may also play a role in
some of the coal samples. In two coals, 8S5 and 856, Na+ will balance
the C1 and at the other extreme, 8S7 and 8S12 has only 56.6% and 57.7%
balanced by Na+. It is interesting to note that the former samples

are both dull coals and the latter are bright banded and bright coals

respectively. There is a suggestion therefore, that at this size
range, dull coals yield more water-soluble Cl than,bright coals and

the formeér are purely Na+ associated. This is not the case with the

2+

bright coals. The significance of the Ca“ -Cl. relationship becames

clearer with the tema ground samples and shall be dealt with.in the

relevant discussion. It is evident that the cl characterlistics have

no bearing on seam position but rather more fundamental determinants,

that of coal type.

150-200.B.S.S. Mesh Coal

The fines of the 30-72 fraction were passed through finer sieves

and retained for comparative study. .0.5g of sample was placed in a
cenﬁifuge tube with 25ml of distilled water, mechanically shaken for

10 minutes and.left to stand overnight... The samples were centrifuged

at high speed to separate. the suspension from the leachate which was then
pipetted off. for analysis after. 25 hours. . Cl only was determined and
shown in Figure 3.2. No.longer.is there a relationship between high _
water-soluble .Cl. and dull coals and low levels from.the bright coals.

The dull coal 8S5 still yields.a significant peak. but hthe_br.:l.ght;banded
coal 8Sl:is marginally higher.
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The ratio of the 150-200 to 30-72 B.S.S. mesh coals is shown in

Figure 3.4. It is significant that the higher ratios are associated
with the bright banded coals, dull and dull banded coals are lower and

bright coals are the lowest. This indicates that the relative increased
leachability from the dull coals is being reduced, the bright coals are

little changed whilst the bright banded coals are leaching predominantly

more Cl1 . Further support is thus forwarded for a fundamental structural

change in the Cl_'holding capacity of the different coal types.

Tema coal

The distribution of the major water-soluble cations, pH, Cl ,
SO4= and HOO3_ will be covered in greater detall later in this chapter.
Here a comparison is made with the leachates of the two coarser

fractions. The method was based on Spears (1974) but a sample of 0.5q,

30ml.of distilled water and a 25 hour leach was used. Spears (op. cit.)

considered 1 hour to be sufficient. A time interval comparable to the

coarser fractions was, however, used.

Seam Profile

The profiles for water-soluble Cl in the three size fractions,
together with total Cl ie given in Figure 3.5. The tema profiles
including other e}ements are diven later in the chapter in figures
3.12 fo 3.14. At the top of the seam: (882 to 8875,'the’wa£er-selubie
cl is Jeub-parallel toj‘totalﬁCl-. This is net c:lear in the ’bottom of
the'profile“buﬁdis notfseen at all,in.the_30—7é desﬁ fraction. Work
on.total clL” ~has shown bright.coal (vitrinite specifically)ktd be
the major host (Saunders, .1980; Caswell Holmes andLSpears, Pa?t 1)

Water-soluble Cl 1s hlghest.in the bright.coal.BSll, fOllowed by the

bright banded coals 8S1 and 887 ~ The lowest.is f0und in the dull coal

889} This is a considerable reversal to the pattern shown'by the

coarse .30-72 mesh proflle.
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The ratio of tema Cl1 to 150-200 mesh is modified when compared
to the ratio of the coarser fractions (Figure 3.4). The coals showing
the highest leaching ratios are the bright cocals. The mudrocks show
a ratio close to 1 indicating that the majority of Cl was leached from
coarser fractions and is more accessible than from the coal. Further
evidence of changing Cl leachability is shown in the hand specimen
where the dull coal is most readily leached of cl (Caswell, 198l1).
The apparent discrepancy between this work and the vitrinite-Cl
holding capacity of.Saunders (1980), is explained by the chanaing
leaching behaviour of the different size fractions, of changing porosity.
The maceral groups have different.porosity and pore sizes. Vitrinite
thus has a far higher internal surface area (porosity) than other coal
macerals (Thomas and Damberger, 1976) , those.of.inertinite and |
exinite (Harris and Yust, 1979). Caswell, Holmes and Spears, part 1l

show that porosity is related to Cl1 holding capacity. The different
size fractions are,therefore, opening up progressively smaller pores to
allow the release of Cl . There are complications in that some of the

Cl is organically bound, and that fine grinding is essential to release

this C1~ and to provide maximum surface area for exchange reactions to
take place.

It is apparent, however, that.Na+ is noprcorrelatgd;withﬂC1' SO
strongly in the—~tema coal as with thg{gqarser fraction. Tpg diffusipn
rates of Na' are known to be gifferent to C1 and are not related to
particle giqe”gNea?el et al., 1977; Bettelheim anéiﬂgnn! 1980) .  The
presgntfwork“sugpqrts ;histpsgrvgtion. The temaLNaf can account for
between one third and one half of the water-soluble Cl . This corresponds

to’thé+fiﬁdings of Edgcombe (1956) and Daybell and Pringle (1958). The

PR 4+ - et e AT Rk
ratio’of the Na leached from the tema to 30-72 mesh (Figure 3.4) coal
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shows peaks in the bright and bright banded coals. The lowest values

are found in the mudrocks (8Fl is an exception) indicating that the

majority of Na+ is water-soluble from the coarser fraction. The dull

and dull banded coals exhibit similar ratios of between 1.1 and 1l.3.

The ratio exhibits a pore size distribution similar to that of the Cl

but the ratios are reduced indicating a difference in concentration,

+
location or form. Either Na is not able to enter (or has been

expelled) from the smallest pores, or a large proportion of the cl

is attached to organic matter on the internal surfaces of the pores.

The ratio of Cl to Né+ (tema), is also shown in Figqure 3.4. The

peaks in the bright banded (8Sl, 8S7) and bright coals (8Sll, 8S12)
+

are far in excess of that which can be balanced by Na . The alternative

relationships of C1 in the tema coal are covered later in section 3.

If the ratio of water-soluble Cl~ (tema) to total Cl is taken
then no significant pattern emerges (Figure 3.4). The 30-72 mesh profile
ratio showed peaks in the mudrocks and some dull and dull banded coals.
This is to be expected as the dull coals have highest water-soluble
Cl and lowest for the bright coals. The 150-200 toitotal Cl profile
is more camplex with peaks in both dull and brig1:1t banded coals whilst
the tema profile shows great variation which cannot be controlled by

coal type alone. There is a variation between 44.6% (8310) and 88.5%

(8S1) for bright and bright banded coals and 41.5% (8S8) to 74.5% (854)

for dull and dull banded coals. This is partially at variance with

the ratios which show:a porosity;coal type control, and thus suggests

a further factor in the:release of Cl .:.

Conclusions

1) = Leachability of water-soluble elements increase disproportionately

to deereasing grain size.

>
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2) In coarse fractions, dull coal yields higher Cl values than the
bright coal. Na+ may balance the Cl leached from the dull coals
but not in the bright coals.

3) These relationships change with tema grinding. Bright coals

- +
release more Cl than the dull coals. Na , however, does not

balance water-soluble Cl in either coal type and another mechanism

is contributing to its release.

4) The ratio of Cl":Né+ at different size fractions show differences
in coal porosity. The pore size decreases in the order: dull,

banded, bright, but the internal surface area of vitrinite is far

in excess of exinite and inertinite.

5) The behaviour of the mudrocks differs from that of the coal. Cl

+
leached at a coarse size may be balanced by Na . Tema grinding

does not significantly increase Cl 1leachability but 1f the

- +
organic matter content is low.all the Cl1 may be removed. Na

may exceed the equivalent Cl1 in these samples.

+ .
o) Essentially all the Na is water-soluble in the 30-70 B.S.S. mesh

size mudrocks. This is certainly not the case with the coals.

7) A different holding mechanism exists . between mudrocks and coals.

+ -
The total extraction of Na and Cl from the coarser fraction

mudrocks demonstrates either: .
(1) A larger pore size

(11) Neither element 1s organically combined

(111) . A combination of (i) and (ii)

L3

+
8). If the water-soluble Na .is a measure of pore accessability, then

. the mudrocks have larger.pores . and/or permeability greater than

~
= ="

- the coals.
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SECTION 2

DIFFUSION STUDY

In order to assess the form of the Cl within the coal leaching
experiments were carried out on varying sample sizes over differing

time intervals. Similar investigations are presented by Bettelheim

and Hann, 1980. A pilot study was conducted on two size fractions of

‘Yun-of-mine' sample obtained by the C.E.R.L. 0of the Lea Hall Shallow

Seam. This sample is not to be confused with the seam samples dealt

with elsewhere.in this thesis. They were sampled at two different
localities at different times and may have very different characteristics.
The experiment was conducted for comparison of methods and results
obtained by the C.E.R.L. The two size fractions used were 1l to 0.5 mm
and 0.5 to 0.21 mm ('coarse' and 'fine' coal respectively). Water-
soluble C1 was determined by Mohr's titration. C.E.R.L. total Cl

figqure of 0.66% weight was used to calculate the water-soluble cl
percentage leached. The percentage leached at the various time

intervals are given in Table 3.2. The water-soluble Cl percentages-

are comparable with those obtained by the C.E.R.L. (internal paper).
The leaching characteristics'of the two coal fractions are

different. This is to be expected, and has been shown (Daybell and

Gillham, 1959; Bettelheim and Hann, 1980) that the particle size has

a'bearing on.leaching rates. There is, however, little different in

the percentage Cl 1eached after 1400'minutes. The leaching rates are

.-"--.'

different. The rate of leaching is more rapid in the 'fine’ coal

rl

until the period 340 to 1400 minutes is reached. If the percentage

L]
- ST

-"'Il-l-.

cl extracted is plotted on log-log paper against time, the gradient

is related to the diffusion/dissolution rate. gradient of 0. 5

. L .

o
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indicates a purely diffusional removal of the solute from the particle
surface into the leach solution (Crank, 1957). The gradients obtained
are 0.16 ('coarse’ coal) and 0.10 {'fine' coal), far lower than for

pure diffusion and shown in Figure 3.6. Bettelheim and Hann (op. cit.)

showed that there is considerable variation in samples from different
but closely related seams and even between the same seam but different

samples. Gradients were shown to vary between 0.43 (Shallow Seam) and
0.17 (Hem Heath Winghay and Florence Rowhurst). The present results
are lower but there are complications. The figures given in Bettelheim
and Hann (op. cit.) are based.;n. the fraction leached out of that
removed under reflux at 100°C. This is not necessarily l1l00% but is
close to this figqure. The use of total Cl values means that the
present gradients are minimum values. Variation in the Cl analysis
for the coarse coal shows that the gradient may vary between 0.16 and
O.26. The conclusions are that the size is important in the percentage
leached and also in the rate of leaching. Of the water-soluble Cl~
leached in 1400 minutes, 50% of this had been removed from the 'fine'’
coal in little over 1 minute and from the 'coarse' coal in 35 minutes.

The gradients indicate that more than simple diffusion is controlling

"the Cl™ release over the 10 to 100 minute interval. The leaching rate

decreases with time.

-

Theoxry of Diffusion
The mathematical models describing diffusion are dealt with by
Crank (lQS?lﬂgnd a descr}ptionwof the steps controlling leaching from

a porous body are-given in Bettelheim and Hann (1980). The four steps
of extraction,ény of which may be rate controliiné;éfé‘dlvénbelow.
co LT S
(a) For a porous body initially containing gas in the capillary

system, the solvent must at first penetrate the particle interior and
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replace the trapped gas. This process ('scaking') can be controlled
either by the rate of diffusion of the gas through the advancing column
of liquid ('diffusional soaking') or by a capillary flow. mechanisn.
The former is a relatively slow process compared with the latter.

(b) After physical contact between the solid and solvent is
established, the solute starts to dissolve. . Provided the removal of
the dissolved solute from the interface boundary is fast (i.e. the

rate of dissolution is not controlled by mass transfer from the inter-

face), the rate will be directly proportional to the interface surface

area.
(c) Once dissolved, the solute is removed from the interior to

the particle perimeter by diffusion for which two limiting models can

be proposed. If the soaking and dissolution are fast, then the particle

can be assumed to contain at the start of the leaching a uniform solu-

tion of the solute. In this situation the removal process can be

described by a single-phase diffusion model. On the other hand the

capillaries could be initially filled with solide solute..The soaking

period would then be eliminated as the solvent replaces only the
dissolved solid. The mathematical description in this case must there-
fore take account of. an initial mixture of solid solute and a saturated
solution and.can be treated in a similar way to 'diffusional soaking'.

(d) In the final stage the dissolved solute is transferred from

‘particle surfaces into the bulk of the leaching solvent.

If the pores are filled with the.same solution that makes up the

bulk solvent Crank's (1957) model may be applied.

Dt S @ ‘
E = ¢ =t | e + - BE'= fractional extraction
R

. i
L S = Lt 'R = particle size
L) . 1:]'_.‘-“ r * e ;‘51. - » - _.-_:"i *j'llt " -, - T r

* L]

D = diffusivity

1.-.1‘ j:-i""\:_h-\'.'l

t = time
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If the pores contain a mixture of solid solute and its saturated solution

an approximate solution of the model was made by Piret et al. (1951).

The model is applicable to the period of diffusional socaking and is

slower than capillary flow and therefore represents one limiting case.
For lower range extractions, that is, less than 50%, both models

approximate to a straight line with the fractional equation.

E“q}t

Bettelheim and Hann (1980) concluded that capillary socaking is approx-

imately one order of magnitude slower than diffusional extraction.

Eight Féet Seam ~ Diffusion Experiments

When Bettelheim and Hann (1980) loocked at the percentage cl

extracted from 3-6mm coal (at ambient temperature in 24 hours) the coals

which exhibited the lowest leaching were from the North Staffordshire
Coalfield and comparable were those of the Littleton Park Seam. The

highest extractions were obtained from the Lea Hall seams. Consequently

it was decided to study the Eight Feet Seam (Littleton Colliery), which

lies above the Park Seam, as an example of a slow leaching coal. A
size fraction of 30-72 mesh B.S.S. was taken.

Four coal samples were studied in detail. Three show the extremes
in leaching behaviour and this is seen to correspond to coa]:"t&pe’. It
has been shown that in the 30-72 mesh B.S.S. leachates profiles (Figures 3.5,
3.7 to 3.10) that the highest water-soluble Cl~ levels are to be found
in the dull coals and lowest in the bright'coals. The Na+ contents
correspond to the leaching'curve.  In the dull coals 8S5-and-8S6, all the
leached Cl1 ‘can be balanced b§ water-soluble Na+ ‘and these samples were

chosen to represent rapid leaching rates.  The bright coal 8512 has the

lowest Na ' to Cl1 ratio for seam and thus expected to have the slowest
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+
leaching rate. 8513, another bright cocal, had a higher Na content,

but much lower water-soluble Ca2+ and Mgz+ values, compared-to 8512,

was also studied. Direct comparisons with the leaching rates given 'in
Bettelheim and Hann (1980) are not possible but approximations can be
made. This is because of the aforementioned ‘'ultimate extractability’

leaches of tema ground coal under reflux. * The Cl1 gradients are mini-
mum values but should be close to those of Bettelheim and Hann (op.

+
cit.). Greater difficulties arise when dealing with water-soluble Na ,

Ca2+ and Mg2+. Neavel et al. (1977) shows that all Na+ is not water-

soluble at ambient temperature and this observation is confirmed by

Bettelheim and Hann {op. cit.). Therefore, the ultimate extractability

values in the Bettelheim and.Hann paper will be different to those
used here. Percentages.were calculated on tema ground water-soluble
totals at ambient temperature and must therefore be equal to or less
than the values obtained under. reflux and must therefore be regarded.:

as maximum values. Quantitative comparisons with Cl1 leachability are

thus dubious but will indicate trends. With these drawbacks in mind,

the results obtained are as follows.

- + +
The percentage Cl , Na-, Ca2 and Mg2+ leached 1s given in Table

3.3. After 10 minutes, the dull coal (8S5) has leached 67.7% of its
water-soluble C1 for this size-fraction. For the time period 10 to
1500 minutes the leaching gradient of 0.07 was achieved. Obviously

for this period leaching is.considerably slower than that of *pu;:e e
diffusion. (0.5). In the period before 10 minutes (that is 3 to 10
minutes); thefgradient: is much steeper and 0.30.is achieved (Figure 3.7).
For -the overall -3 to -100 minute period 0.16 is.the average.: 8S6 shows

very similar.characteristics, 55.5% of its water-soluble Cl~ for this

size being-leached after the.first 10 minutes. * For the initial period,
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3 to 10 minutes, the gradient is 0.31 (Figure 3.8) almost identical to
8S5. ‘Thereafter, the leaching rates fall but not to the same extent.
This is probably because the initial leaching period is slower in 8Se.
The behaviour of the bright coals is somewhat different. Unfortunately,
it was not possible to sample 8512 and 8S13 after 10 minutes so gradients

over the period 3 to 100 minutes were used. This gave very similar

gradients, 0.40 for 8S12 (Figure 3.9) and 0.39 for 8S13 (Figure 3.10).
This is much steeper than the initial leaching rates of the dull coals.
Although the rates of the bright coal leaching falls with time, the
decrease is nothing like so well marked as that exhibited by the dull
coals. For the initial leaching period the gradient approaches that
of diffusion. For the dull coals this is not seen because the initial
leaching period is so fast that the sampling times do not cover the first
50% of the extraction in which the diffusion rates should.approximate
to a 0.5 slope (Bettelheim and Hann, 1980). In the dull coal 8S5, 50%
exXtraction is reached after 3.75 minutes, 8S6 after 4 minutes, whilst
the bright coals need 57 minutes and 55 minutes for 8S12 and 8513

respectively to back half their Cl1 for that size fraction. There are

fundamental differences in the rate of Cl1 release. Similar fundamental
changes in the leaching characteristics have been shown for the
different size fractions used:on the Eight Feet Seam. The differences

between the coal types will be investigated later.

-~The rate controlling mechanism is obviously not pure diffusion.

Dissolution is probably taking place as well.  ‘This is:indicated by the

2+ 2+

leaching rates of Ca™ and Mg~ . '.It has been shown by Daybell and

Pringle (1958) that carbonate dissolution is important in'Cl leéaching.

This is especially so in ‘the bright coals where the Nat leached does
not balance the Cl . KN

e AT R o f!‘nﬁﬂid“‘

[
Fr, .
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+
The gradients of Ca2+ andMg2 are very different in all the

2+
samples. However, as there is a close correspondence -between Ca  and

Mg2+ in samples 8S5.and 8S6 it is suggested that this is dissolution of

cleat carbonates. Similar, although not identical ratios, are found for
8512 and 8S13. The variation in gradients between bright coal samples
will be controlled by the amount of carbonate present in each sample.
Small quantities or finely dispersed material will go into solution
faster and consequently the first 50% dissolution will be achieved

before the first sample interval. As 8S5 and 8S6 have comparable water-

soluble Ca2+ figures and both are higher than 8Sl1l3 the rates of dis-

solution are probably controlled by the level of the carbonate minerals.

The most rapid leaching rates were achieved in 8S12 which has the highest
water-soluble Ca2+ and.Mg2+ levels. (of the 4 samples studied) when tema

ground. However, the ratlio between the tema ground and 30-72 mesh B.S.S.

Ca2+ is twice as high as found.in the other three samples suggesting

that the carbonate is most massive in 8512, probably as major cleat.
Tema grinding will give a large surface area capable of rapid and

prolonged leaching.

If the chloride is balanced by N&+, it would be expected that
- +
similar C1 and Na gradients will exist. The proportion of Né+ leached

from the different size fractions, however, shows the distribution and

+ -
leaching properties of Na and Cl to differ as the coal size is reduced.

Different leaching characteristics have been found by Neavel et al.

(1977) and Bettelheim and Hann. (1980). Here, leaching rates cannot be

directly compared. Suffice to say, in the dull.coals Na+ leaches more

rapidly than C1 and the role is reversed in the bright coal. The

orders are comparable, but. for the dull coal (as with.Cl ) the first

S50% extraction is not sufficiently sampled for rates to be calculated

with any certainty.
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Conclusions

1)

2)

3)

4)

The variability of Cl-'leaching rates indicate that dissolution is
the most probable rate-controlling mechanism, combined to varying

degrees with diffusion of the ions to the particle surface.

Different coal types have widely differing leaching characteristics.
Dull coals leach more rapidly than bright coals.

Dissolution of carbonates play an active role in releasing cl
through exchange and this is most marked in the bright coals.

The relative abundancies of different coal types in a seam profile
will affect the leaching characteristics of composite samples and
may contribute to the differing leaching characteristics found by
Bettelheim and Hann (1980). The use of bulk run-of-mine samples

will mask lithotype (or smaller) variations.
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SECTION 3

TEMA GROUND ANALYSIS OF WATER-SOLUBLE ELEMENTS

Standard conditions were based on the method devised by Spears

(1974) to determine the water-soluble cations in Coal Measures shale
samples. Because further analyses were to be carried out, the sample

size was increased as was the volume of water used. To.make comparisons

.for the coarser fractions where time allowed.for diffusion and dis-

solution obviously played a role in rate of leaching, a comparable time
with these experiments was used. It is thought, however, that the
water-soluble elements would enter solution very rapidly, or at least

reach equilibrium with the leachate within a short time (van Moort,

1971 and Spears, 1974 used 1 hour). This is backed up by solutional
experiments carried out on gypsum and calcite (Figqure 3.1ll), however,

it must be noted that these experiments were carried out in distilled,

not acid, waters.

Method

O0.5g of tema ground sample was placed in a clean, dry centrifuge

tube and 30ml of distilled water added. The tubes were st0ppered and

mechanically shaken for 10 minutes and then allowed to stand for 25

hours. The tubes were centrifuged at high speed in a high Speed

-

centrifuge for 5 minutes to separate the fine material from the leachate.
Occasionally, separation of the very fine clays encountered within

intraseam dirt bands was difficult and separation with filter paper and

a similarly prepared blank was needed However, in del this is seen

i A L

to be unsuccessful and it is thought that fine material was held in

HHHHHHHH

suspensions. The analysis gave a falsely high K content probably

1 - u } i T b ¥
= - ke - X u
* . o ' 4 b T & oy, M - A . w 1t e ow e E - - E




54

derived from the illite fraction of the sample. The top 20ml of leachate

+ +
was pipetted off for analysis. Na+, K , Ca2+ and Mg2 were determined

by a Perkin-Elmer 303 Atomic Absorption Spectrophotometer using 'flame’.
Cl was determined by Mohr's titration and bicarbonate by titration
with dilute HCl1l (Vogel, 1978). Sulphate analysis followed the method

of Fritz-and Yamamura (1955). However, due to sample size and dilution

this particular method was not particularly accurate. These particular
values are not considered to be precise enough for analytical work but
will be used <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>