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PLATE 31

Fig. 1 Recrystallized sparry calcite veinlet. Note the
irregular boundaries of the veinlet due to partial
recrystallization of the rock groundmass near the

veinlet (arrow). Sample 618.

Fig. 2 Deformed pseudospar crystal (arrow). Note ghosts

of the original micrite. Sample 655.

Fig. 3 Deformed coarsely crystalline pseudospar in a
micritic rock. Note ghost of allochem (arrow)

and curved cleavage plane. Sample 621,

Fig. 4 Deformed calcite crystals in a biomicrite.

Note curved twin lamellae. Sample 93.

Fig. 5 Deformed crinoid ossicle. Sample 765. Crossed

polars.






- 331 -

PLATE 32

Fig. 2

Broad twin lamellae in a deformed coarsely
crystalline calcite crystal. Note the corrosion
of the twin lamellae by the calcite in the ground-

mass (arrow). Sample 1000. Crossed polars.

Curved boundaries between two adjacent pseudospar

crystals (arrow). Sample 1000. Crossed polars.

Figs. 3, 4 & 5 Deformed dolomite crystals. Note curved

Fig. 6

cleavage planes and brush extinction. Sample 621.

Deformation fabric represented by brush extinc-
tion displayed by calcitized dolomitr crystal.

Sample 615. Crossed polars.



332




- 333 -

PLATE 33

Figs. 1 & 2 Fibrous calcite veinlet developed in
hydraulic fractures in a coal streak. Note
signoidal shape of the calcite fibres (arrow).
Sample 615. Crossed polars.

Figs. 3 & 4 Fibrous calcite veinlet in a silicified
biomicrite. Sample 624.

Fig. 5 Fibrous calcite veinlet developed in an

organic rich stulolitic seam. Sample BY65.
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PLATE 34

Figs. 1 & 2

Figs. 3 & 4

Fibrous quartz veinlet. (Co) coaly

fragment. Sample 760A.

Incipient metamotphism of sandstomne.
Note the development of micaceous
minerals and the reaction between
the matrix and the quartz grains

(arrow). Sample 908, 851,
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DIAGENESIS AND INCIPIENT METAMORPHISM OF THE CLAY MINERALS

1. INTRODUCTION

This chapter deals with the study of clay minerals
present iﬁ fhe various 1ithotypeé of the Carboniferous rocks
of the South Wales Coalfieid. Because very little work was
published oh the clay mineralogy of these rocks, it was
necessary to study these mineréls in detail. There are two
main objectives in carrying out this study. The first is to
givé an idea of the composition-of the clay minerals in each
of the studied lithotypes to complete the petrographical descr;
iption, The second'objective is concerned with the diagenesis

.

and incipient metamorphism of the clay minerals.

For these purposes,.insoluble clay fraction separated
from the carbonate rocks of the Carboniferous Limestone Series,
and clay fraction of Millstone Grit and Coal-Measures terrig-
enous rocks were qualitatively and qﬁantitatively analysed by

means of X-ray diffraction.

METHODS OF STUDY

1. Sample Preparation:

(a) Separation of the< 2l fraction:

The technique used for the separation of the <2

fraction is dependent on the nature of the studied rocks.
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(a.i) Carbonate rocks:

A sample of approximately 200 gm. was washed and
scrubbed in distilled water to remove pbssible adhering clay;
the sample was theﬁ allowed ﬁo'dry. It was then crushed to
pass a 60-mesh‘sieve.‘-About 100 gm. of the qrughed material

- was treé£ed by 0.5 M acetic acid until almost all of the
carbonate material had been dissolved,v(Ostrom, 1961; and
Carroll and Starkey, 1971). The insoluble residue was then
washed by distilled water three times, and the <2l fraction

was separated using the sedimentation method.
(a.ii) Terrigenous rocks:

A sample of abﬁut 100 gm. was washed and scrubbed
in distilled waﬁer to remove possible adhering clay; the sample
was then allowed to dry. After that, it was crushed to pass a
60-mesh sieve. Crushed material was soaked in distilled water
for about three days. The< 2l fraction has been separated by

sedimentation method.

(b) Preparation of Oriented Specimens:

The method applied by Shaw (1971) for the preparation
of oriented clay mineral specimens for X-ray diffraction

analysis was followed in the present study. The method

involved filtering a clay suspension under suction through a
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suitable ceramic medium so that the clay material was
deposited on the ceramic.r The apparatus used consists of a
cylindrical stainless steel filte? funnel, attached to a
conical flask jointed to a vacuum pump. A ceramic disc of
about 1.5" in diameter and %" thick was used as a filter bed.
The ceramic disc filter beds are drilled with a rock corer
of standard unglazed biscuit tiles. A battery of three fiiter

funnels was used in the present study (Fig. 7.1).

(c) Preparation of Non-oriented SEecimen:

This technique‘was used for the X-ray analysis of the
whole rock material of theAargillaceous rocks. The rock
specimens were washed inAdistilled water to remove possible
adhering clay,_ Specimens were allowed to dry and then crushed
to.pass 200-mesh sieve. The powdered sample was back 19aded

into an aluminium cavity holder for X-ray analysis.

2, Analytical Methods:

A Philips PW 1060 diffractometer equipped with a
linear recorder was used for the analysis, The following
expérimental conditions were used: Cobalt radiation (CoK¢y)
with an iron filter placed before the recéiving slit to elim-
inate possible (3 radiation. As supply, 38 Kv and 24 mA were

chosen, and 1 Kw generator was used to give high intensity



|~ _filter funnel

== _ceramic disc

FIG., 7.1 —

SUCTION ONTO CERAMIC DISC METHOD OF SAMPLE PREPARATION

- Ivg -
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and a good peak to background ratio, Scanning speed 1° 20/
min., divergence and scatter slit both %o in the case of the
oriented specimens, and 1° in the case of the non-oriented

specimens, receiving slit 0.1 mm.

Generally, identification of the clay minerals by
means of X-ray diffraction is facilitated by pre-treatment of
the oriented mount in various ways before X-ray analysis

(Brown, 1961).
In examining the clay fraction of the studied rocks
the following experimental procedure was carried out:-

(a) - Air-dried specimen mounted on a ceramic disc and

scaﬁned from -20—34o 29.

(b) Specimen glycerated by spreading a thin film of
liquid glycerol over the clay specimen and allowing

it to dry. Scanned from 2°-20° 20,

(c) Specimen heated in muffled furnace at 550°C for

one hour., Scanned from 40—15o 20,

3. Clay Mineral Identification:

Examination of the clay.fraction of the rocks studied
shows that the principal clay minerals present in most of the

samples are illite, mixed layer clays, kaolinite and chlorite.
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Pyrophyllite has been identified in some Coal Measures rocks

in the anthracite area.

The charaéteristic X~-ray properties of these clay
minerals have been discussed in defaii in the literature,.such‘
as Brindley (1951); Grim (1953); MacEwan (1956); Weaver (1956);
Sudo (1959) Brown {1961); Molloy and Kerr (1961); Warshaw and
Roy (1961); Mackenzie and Mitchell (1966). The following is
the general X-ray properties used for the identification of the

present clay minerals.

. The term illite is used as a collective name denoting
all 10 & non-expanding clay minérals (Gaudette et al., 1966).
In oriented mount it shows a relétively sharp basal reflection
which becomes slightly larger after heat treatment. When the
mineral is associated with illite-montmorillpnite mixed layer
mineral, which is usually the case in the rocks studied, the
firsﬁ-order basal reflection of both minerals partially overlap,
forming a combined peak characterised By asymetrical tailing
'toﬁards the lower diffraction angle. Illite has a marked
.second-order reflection of about 5 R, though usually weaker
than that of muscovite; in the trioctahedral 10 & members of

the mica minerals such as biotite it is almost absent.
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Polymorphism fof mica minerals was defined by

: Hendriéks and Jefferson (1939). The muscévites énd natural
illites exist only in the 1M, 2M and'3T,-p1us a completely
disordeied 1Md form. The 3T fgrm is practically unknown among .
‘the illites. Stability increases in the seqﬁegce IMd - 1M -~ 2M,
‘and an increase in temperatﬁre favours this evolution (Yoder

and Eugster, 1954; and Velde, 1965); The determination of - the
polymorphic type of the illite in the studied samples was very-.:
difficult due to the presence of other inseparable clay minerals.
In some samples it was impossible to determine the polymorphig,
type of illite. The ﬁethod proposed by Maxwell and Hower

(1967) was used for éhe-determination of the polymorphic type

of illite. 1In fhis method the polymorphic type is determined
‘by measuring in non-oriented sample the intensity of the 2.80 R
peak which represents the 2M polymorph and of the 2.58 2 peak

which represents the total dioctahedral illite, 1M and 2M

(Fig. 7.2).

Two varieties of mixed-layer clay minerals were
identified. These are, randomly interstratified illite-~
montmorillonite and regular interstratified illite-montmorillonite.

Randomly interstratified illite-montmorillonite mineral was
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identified on the basis of its broad peak which occupies the
~area between 13 R and 10 g'in the case of the untreated sample.
It shifts to lower diffraction éngle on glyceration and |
,coﬁtrécts to 10 & on heat tregtment. This mineral gives non=-
integral series of basal reflectipns; The d spacing of its
basal reflection (001) depends on the percentage of the
swelling montmorilloni;ic layeré within the structure. .Brown
and MacEwan (1950)‘calculate the (001) d spacing of a randémly
interstratified illite-montmorillonite éfter glyceratioﬁ and
showed how it varied depeﬁding on the relative proportions of
each mineral component; Percentage of éxpandable (montmbrillonite)
1ayersbin the randomly interstratified illite-montmorillonite
mixed layer mineral was determined by using a curve based on

Weaver's data»(1956), (Fig. 7.3).

Regular interstratified illite-montmorillonite mineral
was identified in some samples from the Coal Measures Series.
In contrast to the randomly interstratified illite-montmorill-
onite mineral, this mineral is characterised by a regular
progression of its basal reflection. Fig. 7.4 shows an examﬁle

of the X-ray diffraction pattern of both minerals.

Kaolinite:

Usually kaolinite can be identified directly from

its strong diffraction maxima at.7.l X, 3.5 8 and 2.38 8. Om
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ML Mixed layers
1 lite -

Ch Chlorite

. K Kaolinite
Q Quartz
N  Untreated
G  Glycerated
550’ C Heated

®)

J

' T T
35 : 5 ‘ 10 20 3
. d(A) 0
FIG.7/» Xray diffractograms show the characteristic peaks of reqular interstratified
illite-montmorillonite mixed layer(A) sample no.908, and random mterstratnfred
ilite-montmorillonite mixed layer(B) sample no. 2493-19.
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heating at 550°C the kaolinite structure will break down and
all the reflections dué to kaolinite will disappear. Chldrité

will give peaks at or neéar the position of the strongest

basal reflection .of kaolinite.

In the rocks studied it was easy in most cases to
'identifylkaolinite in the presence of chloriﬁe even in the
untreated sampies. It was possible to determine the state of
crystallinity of the kéolinite from the X-ray diffractograms.
Disorder in the kaolinite lattice produces blﬁrred and weak
reflections. It also shows an ésymmetric (002) band with
sharp head at 4.45.2, fading away towards higher angles. Omn
the other hand, well ordered kaolinite shéws little or mno

band in this region and the reflections at 4.18 and 4,13 S

are resolved (Brindley, in Brown, 1961).

In some limestones and sandstones, dickitevwas
identified. It is better crystallised than kaolinite and
shows sharper reflgctions (Fig.ﬁ%.S). Unlike kaolinite, dickite
‘is not affected by heating to 500°C. For dickite, the peak
temperature lies about‘IOOOC higher than that for kaolinite

(Richardson, in Brown, 1961),

Chlorite:

‘Chlorite exhibits an integral series of basal

reflections with a first order reflection of 14 R. The
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spacings are not generally affected by'glyceration. Care-
fully executedrheating can yield valuable data for;identifyihg.
chlorite. Generally, upon heating the intensity of the (00l)
chlorite reflection increases, combined with a slight peak
shift to higher angles, while the (002), (003) and (004)

reflections decrease as the brucite layer'deéomPoses.

It is well Enown that chlorites are represented by
four polymorphs. Polymorphism of chlofiteé has been examined
in detail by Brown and Bailey (1962, 1963); Shirozu and Bailey
(1965) and Lister and Bailei-(l967). The identification of
chlorite polymorphs in the rocks studied was very.difficuiﬁ.
This is due to the overlapping of the chafacteristic peaks of
such polymorphs by the peaks of illite and kaolinite. Swelling
chlorite was identified in few samples. This type of chlorite
has been described by Stephen and MacEwan (1951). It shows a
13.6 & basal spacing and generally behaves like other chlorites
on Heatiﬁg, except for the basal spacing which expends on

glyceration to 14.2 &.

Pyrophyllite:

This mineral was identified on the basis of its
(002) reflection at 9.16 & mainly. It is not affected either

by glyceration nor by heating (Fig. 7.6).
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4, Semi-duantitative Analysis of Clay Minerals
in Oriented Mount:

Quantitative X-ray diffraction analysis of mineral-
ogical mixtures involves comparison of the intensities of strong
reflections characteristic of each mineral present in the
.mixture.9 In the last twenty years many mcthcdé of quantitative
X-ray diffraction analysis of clay minerals have bcen |
published; Gibbs (1967), Pierce and Siegel (1969), Schultz
(1964), Jones et al. (1954), Devinme et al. (1972), Biscaye

(1965) and Shaw_(197l).

Quantitative analysis of the clay minerals in the
present study was done by an adoption of the methods described

by Schultz (1964) and Shaw (1971).

The following procedure was used:-

(a) Measure the peak areas of the 10 R, 7 8 and 3.58 S
- in the untreated air-dried oriented sample. The 10 R

peak area will include the area of the low angle
shoulder. Peak area of the 10 & reflection will be
equivalent to the intemnsity of the (001) illite
reflecticn plus the (001) reflection of the illite-
montmorillonite mixed layer mineral. The 7 ] peak
area will be equivalent to the integrated intensity

of the (001) kaolinite and (002) chlorite reflectioms.



(b)

(e)
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- The 3.58 2 peak area will be equivalené to the

intensity of the (002) kaolinite reflection.

Measure the peak area of the 10 R reflection after

- glyceration of the sample. This will be equivalent

to the integrated intensity of the (001) illite

reflection only.

The (002) kaolinite reflection was adjusted to (001)
equivalent by multiplying by 1;25 (Bucké and Mankine,
1971). Also, the peak area of 10 ® in the untreated
sample was increased threefold to allow direct
compérison with the peak areas of the chlorite and

" kaolinite.

The following equations were used in the calculations:-

N ! ) . ) . 1 10 x untreated x 3
I + - -
% Illite illite-montmorillonite mixed lay-er T 10 &Y 1 ted 3+ 1 7X x 100

I 10 A glycerated x 3

% Illite = T3 R untreated x 3 + 17

R X 100
% Illite-montmorillonite = %(Illite + illite-montmorj.l];.onite) - % Illite’
% Kaolinite + chloril-:e' = 100 - %(Illite + fllite-montmorillonite)
13,58 8 x 1.25

% Kaolinite = =SSR x %(kaolinite + chlorite)

% Chlorite = %(kaolinite + ;:hlorite) - % kaolinite
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Because of the semi~-quantitative nature of the
analysis, the relative clay mineral contents of the studies

samples are only quoted to the nearest 1%.

The areas under the peaké were measured using a polar
planimeter. In measuring the peak areas the background level
beneath the peaks has to be projected by joining up the back-

ground levels on either side.

5. Quantitatiﬁe Analysis of the whole Rock Material:

The whole rock material of the argillaceous rocks of
Millstone Grit and Coal Measures Series were quantitatively
analysed. Analysis was carried out on the diffractograms of
fandomly oriented mount. Thé principal miﬁeral éonstituents
found in the samples are: quartz, siderite, dolomite, calcite,
feldspars, muscovite and 'clay minerals'. The cléy minerals
present are the same as in the <2l fraction, i.e. illite,

mixed layer minerals, chlorite and kaolinite,

A semi-quantitative estimation of the relative
amounts.of these minerals was made based on the method outlined
by Schultz (1964). Briefly, this involved comparing the
intensities of particular diffraction peaks of various minerals
when present as 100% of the specimen with the intensities of

the same peaks in the samples being analysed.
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The_afeas of theAcharacterigtic peaks of the minerals
. present were measured and will be equivalent to tﬁeir_intensit-
ies. They were then multiplied by their correction factors
before direct comparison. Table 7.1 gives the characteristic

peaks of each mineral and its correction factor after Schultz

(1964).
TABLE 7.1 Factors for X-ray semi-quantitative estim-
ation of minerals (after Schultz, 1964).
gt ' . Intensity Factor Correction
Mineral hkl  d(hk1)R (Cos pex 100%) Faotor
Quartz 101 3.34 2000 ox1
Feldspars 040 3.18 1000 x 2
Calcite ' 104 3.04 1000 x 2
Dolomite 104 2.88 1000 ' x 2
Siderite 104 2.74 1000 x 2

It was difficult to measure the peak area of the
(001) muscovite due to the fact that it is superimposed on the
broad diffuse (001) illite and illite-montmorillonite mixed
layer mineral reflection. Therefore it is calculated with the

clay minerals.

For the estimation of the "clay minerals" present in
. the "whole rock" samples, the variation made by Shaw (1971) to
the Schultz method was used. This involved measuring the

intensities of the illite and muscovite (001) reflectioms, the

kaolinite (001) and the chlorite (002) reflections, correcting
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* them for differénces in diffracting ability relative to each

other, and then comparing the total corrected intensity

directly with that of the quartz (101) reflections.

DISTRIBUTION OF THE CLAY MINERALS

1, Clay Minerals in the Carboniferous Liﬁestone rocks:

Clay minerals have been separated from 44 samples
representing five lithotypes. These are: 22 samples of bio-
micrites, 3 samples of micrites, 13 samples of biosparites and
oosbarites, 9 samples of dolomites and 7 samples of dolomicrites.
Results of qualitative and quantitative analyses of the clay |
mineralinn the<:2ﬂffraction oflthese rocks are given in
Table 7.2. Fig..7.7.shows the average relative frequencies of

"the clay minerals in the various lithotypes.

Petrographic studies of these carbonate rocks revealed
that clay minerals are present in two forms. The first form,
and the most common, is as very minute particles mixed with
micrite. These clay particles may be responsible in part for
the cloudy appearance of ﬁhe ﬁicrite. In dolomites (late
diagenetic dolomite) clay particles are present as inclusions
in the dolomite crystals. The second form is as cavity

fillings. .

The following clay minerals were identified in most

of the carbonate rocks studied: 1illite, illite-montmorillonite
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TABLE 7.2 CLAY MINERAL COMPOSITION AND ILLITE CHARACTERISTICS
IN THE CARBONIFEROUS LIMESTONE LITHOTYPES

52 2 4}
[} U - /3] .
N ; Sample | ®¢ | 3 | &5 | @ 2% 1@ 1 1(002)
g [Lecality | "o | 8wt |E ¥ |8, |EZ | T(OOD)
N e o [T —t o] Qo ua
5 S lagls g &5 |27
i | — = - :S (&) =] w
Gower 616 92 | 8 - |-1 20 4.6 1.0
o 625 100} - | - -] - }2.2 0.3
622 65 | 20 | 15 | - | 30 |3.5 0.4
Kidwelly 674 100 | - - |- - ]3.0 0.6
Cilwrchen | 655 75 | 22 - 13 - }3.5 0.63
654 86 | 14 - |- - |3.6 0.7
659 80 | 10 - l10} 20 |3.2 0.7
“ | Penwyllt 635 100 | - - |- - |- -
= 633 72 | 20 - 8] 50 |2.8 0.8
= 630 60 | 10 | 30| - | 40 |2.0 0.5
=1 Merthyr 105 80 | 20 - |- 35 |2.7 1.0
M Tydfil 102 50 | 50 - |- - |2.0 -
© 103 70 | 18 10%| 2 40 | 2.8 0.9
| ystrad 76 60 | 31 | 9 |- 30 |2.0 0.6
= ‘ 77 30 |e0 | - |10] 25 |1.1 1.0
© BY55 45 | 45 | 10 | - |30-50{ 2.5 0.7
H BY44 40 | 55 5 |5 |40-50] 2.0 0.6
M BY37 | 75 | 10 - |15 |25-40] 2.7 0.6
BY48 40 | 50 | 10 | - |25-50} 3.2 0.7
BYS54 55 | 35 - |10 |25-50} 2.0 0.6
Ruthin CO4 55 |- 30 - J15}| 35 | 3.7 1.0
' M5 50 | 50 - | -1 50 |2.5 0.8
31 Gower 601 70 | 10 | 20%| - |. 25 | 5.0 0.8
‘T | Ruthin” COo2 100 | - S - {2.5 0.45
.é’ col 90 |10 | - | -1 30 |2.2 0.7
Gower 609 80 | - 20 | - - 4.7 0.6
o | Kidwelly 671 95 | - 5 |+ - |5.0 0.5
., | Torcoed 666 97 | - 3 |- - |3.5 0.5
_. | Penwyllt 626 90 | 10 - | -1 20 |2.2 0.45
| ¥strad BY64 60 | 36 4 |- 35 |1.7 0.6
- BY62 93 | - 2 |5 - 1.8 0.6
Brynmawr BY29 90 | 10 - - 25 | 2.4 1.0
- BY32 55 | 40| - |5 |25-40} 4.2 0.6
» BY43 75 | - - |25} - 2.8 0.5
© | Ruthin "RU3 70 | 20 - |10} - - -
= M2 100} - - |- ‘- 2.0 0.6
ka3 LNS2 55 | 40 5 | - {25-40] 2.2 0.6
BOL 100 | - - |- - 12.2 0.5
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TABLE 7.2 (Cont.)
o) o é;{a o > 3 ) 00
8 | Locality ERE LI BT I °:° @ %ggof)
2 o8| e B | B8 | &S
Nl "a. o U — o g > H g
) o
o Ela |5 |S |2 | &g~ | &7
| - v ~ = g Q = wn
2 | Gower 608 {100 | - - - - 1.6 0.5
= | Brynmawr By22| 50 | 40 |10 - 50 1.5 0.6
B | Risca- RI3 | 70| - |30 | - - 1.7 0.6
H— : RI1L | 95| - 5 - - 2.8 0.8
= Cum3 {100 | - - - - - -
© | Tongwynlais| A7 87 | 10 3 - 120-40 | 2.0 0.55
= - SA17{100 | - - - - - -
© | Ruthin ML 56 | 44 - - 50 1.3 0.6
A | Forest of 1025} 95 5 - - - 1.9 0.42
Dean
w | Brynomawr BY30| 60 | 40 - - 30 3.0 0.7
e ' BY24 {100 | - - - - 1.8 0.7
& Ystrad i BY65| 62 | 30 8 - 30 4.ob 0.85
= Tongwynlfas|Al3 | 95| 5 - - 20 1.9 0.85
S A9 65| 30 | - 5 30 2.1 0.5
Q Ruthin AR4 | 60 | 40 - - 25 1.8 0.97
' AR2 | 50| 20 | 30 - 20 1.3 1.0

*

Dickite present.
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mixed layer, chlorite and kaolinite. Dickite was identified

in few samples.

Illite:

Illite is'the most frequent clay mineral in all of
_the carbonate lithptyﬁes. - There is no signifiéant difference
in the illite frequency in the different lithoﬁypes.' Iﬁ
averages'about 70% in micrites, biomicrites and dolomicrites;
about 78% in biosparites and oosparites; and 847% in dolomites.
Interpretation of the X-ray diffractograms of randomly oriented.
mounts of 10 samples has revealed that illite is present}as M

form,

It is represented by broéd diffuse peak with d
spacing ranging from 10.3 8 to 11.7 R. Its basal reflections
do nmot give’rational indices, so that random interstratification
can be assumed. Illite-montmorillonite mixed layer is present -
with an average of 127 in biosparites and oosparites, 1ll1% in .
dolbmicrites, 23% in micrites and biomicrites, and 24% in
dolomicrites, Thus, this mineral is more frequent in micritic

rocks rather than in sparites and dolomites.

.Expendable layer percentages were calculated by using

Weaver's data (1956), Fig. 7.3 . It was found that they range
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from 20% to 50%: Illite-montmorillonite mixed layer clays
having various amounts of expendable layers were found to be

present together in the same sample.

Kaolinite:

It is present in some of the samples studied and is
generally represented by small amounts. It was found that
kaolinite ranges in average from 3 to 5% in the various carbon-

ate lithotypes.

Petrographic studies showed that well crystalline
vermicular kaolinite is present as a cavity filling in some
biomicrite and dismicrite in the-anthracite éone. X-ray
analysis confirmed the-occurrenée of this mineral and also
revealed that kaolinite is mixed with dickite in these rocks

(Plate 35).

Chlorite:

Generally chlorite is present in small amounts in
some of the rocks studied. It occurs with an average of about
3% in biomibrites, biosparites and oosparites, and dolomicrites.

Chlorite was found to be completely absent in the dolomites.

2. Clay Minerals in the Millstone Grit Rocks:

Quantitative and qualitative analysis of clay

minerals in the < 2l fraction has been carried out on 16
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PLATE 35 Figs. 1 and 2

Kaolinite and dickite filling cavity in
recrystallized biomicrite. Note corrosion
of calcite by kaolinite (arrow). Sample 615.
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samples fepreseﬁting the main three l;thotypes of the Millstone
- Grit Series (sandstones, siltstones and argillaceous rocks).
Litharenites were omitted because it was impossible to separ-
ate the clay matrix in the presence.of the detrital argillaceous
‘rock fragments. The whole rock material of the argillaceous

rocks was also examined.

a. Argillaceous Rocks:

Argillaceous rocks of the Millstome Grit Series are
represented mainly by shales. The following is the distribution

of clay and non-clay minerals in these rocks.

X-ray analysis of the whole rock material of these
rocks revealed that they consist of clay minerals and muscovite,
quartz, feldspars, siderite and dolomite, Table 7.3. Clay

TABLE 7.3 .WHOLE ROCK COMPOSITION OF THE SHALES
' OF THE MILLSTONE GRIT SERIES

Sample Clay | Quartz |Feldspars |Siderite | Dolomite
No. % % % % %
88 62 11 12 15 -
614 - 65 12 10 2 11
623 65 30 - 5 -
678 63 34 - 3 -
681 68 | 21 8 3 -
679 60 29 11 - -
661 59 34 7 - -
663 66 34 - - i,
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minerals are the most f£equent and range from 59 to 68%, with
an average of 63%. Quartz ranges from 1l to 34%, with an
average of 247%. Feldspérs are present in some samples with
an average of 10%.- Siderite is present in most of the samples
'with an average of 5%, and dolomite was identified in one

]

‘sample only.

Clay minerals present in the < 2L fraction of the
shales are: illite, illite-montmorillonite mixed layer,
kaolinite and chlorite, Table 7.4. Illite (2M) is the most
frequent and is present with an average of 56%. Illite-
montmorillonite, contains from 20 to 50% of expendable layer
éveraging‘BS%. Kaolini;e is present with‘an average of 3%,

and chlorite averages 6%.

" b. Siltstones and Sandstomnes:

- v . e . - en SN G U G Ee Gw S S Gt Ge e aa e

By contrast to the argillaceous rocks, the clay
fraction’of‘these rocks is rich in chlorite and kaolinite.
They are present with an average of 12% and 15%, respectively,
(Fig. 7.9); Occurrance of kaolinite and chlorite has been‘
confirmed by the petrographicvstudies. In most siltstones
and sandstones, especially quartz arenite, vermicular kaolinite

is present filling pore spaces.
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TABLE 7.4 CLAY MINERAL COMPOSITION AND ILLU;E
CHARACTERISTICS IN THE < 2L FRACTION
OF THE VARIOUS LITHOTYPES OF THE
MILLSTONE GRIT SERIES
e (0)]
> o ) -1 o % -
Q| Sample | 2l o} H | 8 |8 | 8o | 002
o No. S| ou 5 e 0 Tu | B9 1(001)
Ko o Q0 0 — o Q.0 H o
a e B AT B = x| &7
- — = S ;Q (& 5] 3 wn
[ 652 65 | 10 - 25..| 25 - 0.48
i 91 66 | 20 - 14 |25-40] 5.0 0.40
» 631 56 20 24 - - - 0.40
2 94 84 | 16 - - 25 - -
= 84 55 20 15 10 |30-50| 3.3 0.50
j‘) BY17 16 2 20 40 25 3.0 0.65 -
i BY3 54 | - 32 | 14| -] 4.3 0.38
§ 81 41 41 - 18 | 25-35]| 3.8 0.48
% BY18 25 45 20 10 | 30 2.5 0.71
=1
H 662 75 13 12 - 20 - 0.50
g8 | 75 5. - 20 20 3.5 0.35
614 45 30 10 15 |20-40 | 3.2 0.60
623 40 50 - 10 40 2.5 0.60
=] : )
o 678 68 32 - - 25 2.7 0.25
< 681 57 33 8 2 25 4.0 0.50
ja n]
" 679 55 45 - - 20 2.0 0.54
661 59 41 - - 25 2.0 0.22
663 52 46 2 - 25 3.3 0.57
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3. Clay Minerals in the Coal Measure rocks:

Very little work has been done on the clay mineralogy
of the Coal Measure rocés of the South Wales Coalfields.
‘Nagelschmidt and Hidks (1943) studied some shaleé from the Coal
Measures in South Walés Coalfields and they found that they
consisted mainly of illite with about 10% kaolinite and 1%
quartz. Wilson (1963) studied the clay mineralogy of the under-
clays of the Eastern part of the'cqalfields. He found that
they consist mainly of kaolinite and illite with smaller

amounts of chlorite and mixed layer minerals.

In the pfesent study 147 samples.representing the
various lithotypes have been studied. The clay miﬁerals in
the <2l fraction of all of the samples were quantitatively
-and qualitatively analysed, and the results are tabulated in-
Table 7.5. The whole rock material of the érgillaceous rocks

has also been studied and the results are given in Table 7.6.

a. Argillaceous Rocks:

Whole rock mineralogy:

The minerals identified in the whole rock material
of the argillaceous rocks. are; clay minerals (and muscovite),'
quartz, feldspars, siderite, dolomites and calcite. Clay

minerals (including muscovite) are the main mineral comstituent
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TABLE 7;5 CLAY MINERAL COMPOSITION AND ILLITE CHARACTERISTICS
IN THE< 2|.- FRACTION OF THE VARIOUS LITHOTYPES OF

THE COAL MEASURES SERIES.

| Sample > X ".q:': b\é ‘ § o| S[=
Locality L1tho]l.ogy No. § o & E o -g g.g \%E
213513 |2 E% TR
= = - § (&) (2)

1. | Brynamman | Litharenite| 834% | 50 - 30 | 20 |9.9]0.45
’ : ’ 830 42 1 20 18 20 18.0]0.47
: 818% | 51 | 15 26 8 16.5}0.50
Quartzar- 911 34 | 44 22 0 - |0.65
enite 810 38 | 50 12 T 4 10.52
829 37 | 50 - 13 4 10.41
815% | 35 | 23 31 |11 |7.7]0.37
Mudstone 833% | 50 | 21 16 |13 |5.5]0.35
822% | 50 | 16 14 | 20 4 10.45
824 45 1 40 12 3 13.710.76
- 800 40 t 35 13 |12 |4.5]10.56
804 54 | 36 4 6 14.5]0.60
| Underclay 816 | 45 | 20 29 6 12.6]0.45
: 865% | 44 | 33 |12 |11 |6.0]0.45
910 30 | 30 40 T |5.0}0.53
781 52 | 40 8 T [2.7]0.66

774 40 | 43 4 3 2.7} -
766 55 | 33 - 12 |4.040.56
2. | Rhydy Quartzar- 908 40 | 55 3 12 7 10.44
"Meardy enite 858 35 | 25 30 |10 |5.5]0.44
Mudstone 900 93 - 4 3 |4.710.29
903 40 | 48 10 2 |2.8]0.68
907 76 | 20 2 2 |4.210.54
859 45 { 40 10 5 {5.0(0.59
Underclay 871 55 | 40 - 5 |5.5}0.70
3. | Pantyffnon | Quartzwacke| 262 40 | 50 8 2 14.310.50
Mudstone 260 48 | 40 10 2 [4.5]0.56
263 53 | 30 15 2 |4.5]0.54
4. | Cwmgwilli | Sandstone 744 60 | 40 - - 16.010.50

T =. Traces.
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TABLE 7.5 . (Cont.)
| 2
X
. . S |se e | S| o |B
Locality | Lithology = o e s 291 S -
(1)) ES] Lo 8] o 1 %] o, 1) 8 8
2 |2 Bels |28 |ie|sE
hurf et
5 |2 E3|2 ]S |&
7] T
Abernant | Quartzwacke {709 | 40 }. 55 | 2 3 (4.5 -
Mudstone 711 } 55 |35 | 4 6 |5.5 -
Shale 708 |57 |34 | 4 5 2.7 | 0.41
Morlais | Litharenite 749 |50 |34 |1& | 2 |3.2 [ 0.41
1745 | 76 5 - 19 | 6.7 | 0.43
Quartzwacke | 748 | 60 | 14 |20 6 | 4.2 | 0.43
Mudstone - 746 | 59 | 34 | - 6 | 5.5 ] 0.47
Brynlliw§ | Quartzwacke | 715 | 50 |10 [40 | - | 5.0 [ 0.37
Siltstone 713 |51 |26 |13 | 11 | 5.5 ] 0.29
Bleanant | Litharenite |[722 |63 | 23 | - 14 (6.6 | 0.31
' 728 | 67 |17 | - 16 | 5.0 | 0.41
| Mudstone 724 | 46 | 34 | 6 14 | 5.0 | 0.56
727 | 44 1 30 |20 6 2.0 | 0.23
732 |50 |29 (10 [ 11 {4.0 | 0.41
725 170 } - |30 - 4.0} 0.27
Treforgan | Mudstone 754 | 54 | 30 | 8 8 | 4.2 ] 0.47
759 |56 | 30 | 7 7 | 3.5 0.43
Dillwyn Litharenite | 276 34 | 30 |30 6 | 6.0 0.40
| Mudstone 280 42 |33 |7 118 |5.0| 0.40
Bleang- Siltstone 197 | 45 | 20 |32 3 12.3 ] 0.41
wrgach Mudstone 190 | 48 | 30 {10 2 2.3 ]| 0.42
Shale 194 | 55 | 25 |15 5 3.2 0.26
Underclay 204 | 58 | 30 {10 2 13.0| 0.32
202 | 55 | 33 |10 2 |3.5] 0.26
200 {55 | 35 | 8 2 3.0 0.22
199 | 65 | 15 |20 - |13.0 -
Mardy Litharenite |305 |72 | - | - | 28 |4.6 | 0.35
309 |60 | 15 | - 25 7.0 | 0.31
307 |59 {18 | - 28 | 6.7 | 0.47
Quartzarenite 354 | 43 | 27 |28 2 | 5.6 ] 0.50
' 355 | 45 7 |48 - | 4.0 | 0.42
Siltstone 360 | 45 | 25 |25 5 |3.0] 0.24
Mudstone 350 | 50 |22 |16 | 12 | 3.6 | 0.33
357 |60 {28 |12 - 3.2 ] 0.27




TABLE 7.5  (Cont.)
>
. ) s
. Zo | 2 -8 0] ?, L~
Locality - |Lithology ° o .1 4 S31¢59 c:\;]g
—~ | ® |osj] A v |an ] OIS
g lw |0 ~ o |aag| S .
% :l E_<' ~1 O Ei E ~ P
wn H = 3 ::2 O {w»v
Tylorstown |Litharenite |304 | 34 | 38 |20 8 {2.010.35
Siltstone 304A | 45 | 20 |20 15}16.0)0.39
Mudstone 302 | 46 | 20 | 20 13 1 4.5}0.44
Penrikyber [Mudstone 115 | 50 | 38 {10 2 13.0]0.42
: . 114 | 61 | 20 |15 4 12.010.41
: 118 | 60 | 25 |10 5 12.1]0.43
Shale 116 | 35 1 35|30 T | 1.5]0.40
113 | 65| 25 1}10 T | 2.0) 0.41
Abercynon [Mudstone 173 ] 60 | 10 |30 - 13.3]10.28
171 | 51 | 31 |14 4 13.510.31
Shale 172 | 40 | 35 )20 5 12.0[0.32
Penqllta Quartza;ig- 179 | 29 | 21 |50 T | 2.0 _
Quartzwacke |181 | 33 | 26 |41 T | 3.0} 0.38
Siltstone 182 | 50 | 16 | 34 - | 5.0]10.56
Shale 188 | 61 | 25 |14 - | 2.0]0.27
Ffaldug Siltstone 223 | 47 | 30 {19 4 | 3.5]0.45
231 | 50 | 32 {16 2 |13.2]0.31
Mudstone 229 | 38 | 27 {16 19 14.0}10.30
Coegnant {Quartzwacke {219 50 | 20 {30 T | 3.0410.43
Siltstone 213 | 59-| 26 |15 - 13.4}10.36
Mudstone 216 [ 60 | 25|15 | T |2.5§0.72
Underclay 215 | 40 | 40 |16 2 |13.01]0.37
' 211 | 45 | 30 |23 2 13.010.39
Marine Quartzarenite 121 | - - 100 - - -
Mudstone 127 { 43 | 42 |15 T | 2.810.45
134 | 50 | 31 |16 3 12.210.35
131 | 45 | 25 )25 5 11.5}10.30
- 132 | 44 | 32 120 4 |2.010.32
Underclay 123 | 41 | 40 |15 4 12.210.36
130 | 50 | 30 |17 3 12.3]|0.24
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‘TABLE 7.5 (Cont. )
. i 2
, : 1l o R o 0

Locality | Lithology = o= 52 her 8130 Sl
o 21 3 oul E] 8 |ED | 88

[ah o~ U o r~l [o] 1 B R N

0 i = o g (& (73]

Bedwellty | Litharenite|560 | 85 - - 15 ] 5.5 1 0.31
| Quartzwacke|568 | 20 | 10 | 65 5 - 0.36

577 {52 | 30 | 15 3 1.5 | 0.18

Quartzaren-|570 | 35 | 45 20 T 1.9 0.16

ite |576 | 351 25 | 30| 10 | 3.0 | 0.51

585130 | 10 | 60 T 1.9 | 0.50

Siltstone |573}145 | 30 | 20 5 1.8 | 0.31

" (58240 §{ 30| 20} 10 | 2.0 | 0.25

584|140 | 30 | 30 T 1.4 | 0.16

Mudstone 562140 | 25 | 31 4 1.8 | 0.15

580130 | 30 30 10} 2.5 | 0.53

587 {40 | 45 7 8 1.7 | 0.25

588130 | 35} 25§ 10 | 2.0 | 0.39

Bedwas | Quartzarentiyiils2 | 30| 24| 4 | 2.5 | 0.40
Quartzwacke| 243122 | 12 | 60 4 2,5} 0.28

Siltstone |249] 41 9 331 17| 3.2 | 0.38

1235125 ] 20| 53 2 3.8 | 0.37

Mudstone 247150 | 27 | 18 5 3.5 | 0.36

237161 | 18 | 18 3 2.9 | 0.38

234140 | 40 | 18 2 3.5 ] 0.31

250 50 | 32 | 15 3 3.0 | 0.43
Six Bells!) Quartzaren-|154] 10 - 0| T 1.9 0.24
ite [141}1 30 | 10| 60 T 1.8 | 0.30

Siltstone |140| 35| 20| 40 5 2.0 | 0.27

Mudstone 153} 38 30 28 4 2,2 0.25
152150 | 33| 15 2 2.5 | 0.25

147150} 32| 15 3 2.0 | 0.38

Underclay |150] 30 | 37 | 30 8 2.3 ) 0.47

1441 30 | 20 | 50 - 2.0 | 0.56

145 40 | 20| 40 T 1.9 | 0.41

Park Slip Quartzal.:en— 1479 30 30 40 T 2.0 0.5

ite | -3
Underclay 128331 40 | 35| 20| 5| 2.5 0.5
2495 40 | 40| 16| 4 | 2.2 | 0.6
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TABLE 7.5 (Cont.,) S -
B2
: 52
Locality | Lithology 2 52 o it v | o ~
R R R R R T §|s
— P - RE VR 4 | e | SIS
[a ~ Qo ~ o 4 d |
EREHICAR-RE L L
] =l =4 g O |wn
Pentrych | Sandstone |388-2130 | 10 | 45| 15| 3.0 ] 0.5
388-5]60 | 20 | 20 T | 2.0| 0.25
388-6130 | 20 | 50 - 1 1.8 -
420-3150 | 25 | 25 -12.5}0.31
1295-5130 | 10 | 60 - 11.8 -
224-2150 | 25} 25 T | 1.8} 0.24
Siltstone [388~4]50 | 25 | 20 51 2.0} 0.60
420-6|35 | 25 | 40 T | 1.6} 0.40
224-3140 | 30 | 30 T | 1.8} 0.30
224=4142 | 30 | 25 3 11.5] 0.37
Mudstone |[388-1|20 | 15| 50| 15| 1.3 -
420-1151 | 30 | 15 4 1.3.0] 0.30
420-4159 | 30 8 31 2.0} 0.28
420-5]50 | 40 | 10 - |1 1.8} 0.30
296-1150 | 30 | 20 - |1 1.9} 0.5
895-1{50 | 38 | 10 2 | 2.5] 0.50
Shale 295-4|56 | 30 | 12 2} 2.3}0.30
Underclay |420-2|60 | 20 | 18 2] 2.0] 0.26
295-3(68 | 20 | 10 2 | 2.2]0.34

T = Traces.
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TABLE 7.6 WHOLE ROCK MINERAL COMPOSITION OF THE ARGILLACEOUS
ROCKS OF THE COAL MEASURES SERIES :

52 2 | oee | oee |

. . 5 1 . N V bo 9 - °
 Locality oe;]u;p. € Lithology 42‘ : ’g'. § .4:_"_ L
3188|583

(&) — o} — —{

. Q o (o] @

(2 " A Q

Brynamman 833 Mudstone 23 |62 7 - 8 -
800 Mudstone 21 |65 | 6 - 8 -

824 Mudstone 32 |60 7 - - -

822 Mudstone - 23 |66 6 - 5 -

804 Mudstone 17 | 57 5 | 20 - -

781 Underclay 17 | 57 7 12 7 -

766 Underclay 26 |62 |12 - - -

816 Underclay 23 | 66 4 7 - -

865 Underclay 16 |60 |10 | 10 4 -

774 Underclay 19 | 72 9 - - -

Rhydy Meardy} 900 Mudstone 19 |70 6 - 5 -
907 Mudstone 23 | 66 5 - 5 -

903 Mudstone 24 § 76 - - - -

859 | Mudstone 16 | 78 6 - - -

Pantyffynon | 260 Mudstone 22 |72 3 - 3 -
259 Muds_tone 21 | 62 3 14 - -

Abernant 708 Shale 31 | 60 9 - - -
711 Mudstone | 23 |66 5 6 - -

Morlais 746 Mudstone 16 | 57 7 14 3 3
Bleanant . | 724 Mudstone 22 | 68 5 - 5 -
732 Mudstone 23162 4 7 4 -

727 Mudstone 24 | 76 - - - -

725 Mudstone 20 | 54 9 17 - -

Treforgan 754 Mudstone 23 | 50 5 17 5 -
: 759 Mudstone 22 | 65 3 10 - -
Bedwellty | 566 | Mudstone 33 {67 | - -l - -
588 Mudstone | 23 | 77 - - - -

580 Mudstone 34 | 66 - - - -

Bedwas 250 Mudstone 18 | 55 & | 23 - -
237 Mudstone 23 | 56 6 9 6 -

234 Mudstone .. 24 | 32 - 44y - -
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TABLE ‘7.6 (Cont.) -
52

. 0 &e o2 e
Locality Sample Lithology o 5 e e Q
- No. N 52 a8 - - ]
. D 0 N E ori
q >~ o | @ o 3]
g' o o o | - —
i <u o o a
Q 2% 9 [= O
Six Bells 153 |[Mudstone 25 | 72 3 -1 - -
150 |Underclay | 22 | 48 2 24 2 2
Park Slip| 2493-19 {Underclay | 20 | 68 4 6 2 -
2493-10 |Undexclay | 15 | 77 2 5 1 -
Pentrych 895-1 |Mudstone 24 | 66 7 - 3 -
Dillwyn 280 .[Mudstone 34 | 56 10 - - -
Bleangw- 190 |Mudstone 17 | 49 6 25 3 -
rach 202 |Underclay | 20 | 46 4 30 - -
Mardy 350 |Mudstone 17 53 9 21 - -
Tylorstown 302 |Mudstone 18 | 55 9 18 - -
Penrikyber] 115 |Mudstone 11 | 60 4 25 - -
Abercynon 171 |Mudstone | 29 | 57 | 14 | - - -
i 173 |Mudstone 12 | 22 5 61 - -
Penallta 188 Shale 6 89 5 - - -
Ffaldua 221 |Mudstone |14 |44 | 5 |34 ]| 3 | -
: 216 |Mudstone 30 | 63 7 - - -
211 |Underclay | 33 | 65 5 - - -
215 |Undexclay | 15 | 82 3 - - -
Coegnant 229 |[Mudstone |21 f62f 17| - | - | -
225 |Mudstone 24 } 70 6 | - - -
Marine 127 |Mudstone 20 | 60 - 15 5 -
132 |Mudstone 28 72 - - - -
134 |Mudstone 28 | 51 9 9 3 -
123 |Underclay 5 83 5 - 7 -
130 | Underclay | 27 | 57 4 8 4 -
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of these rocks and have an a&efage of 63%. Quartz is present
with an average of 21%. Feldspars, siderite and dolomite are -
present in small amounté. They have an average of 5%’,10%

and 2%, respectively. Calcite was identified in two samples
-only. Fig. 7.10 shows the average mineral composition of the

whole rock material of the various argillaceéué lithotypes.
Clay mineralogy:

The clay minerals in the < 2l fraction of the
argillaceous rocks consist mainly of illite, regularly inter-
stratified illite-montmorillonite, randomly interstratified
illite~montmorillonite, kaolinite and chlorite. Pyrophyllite
was identified in some rocks. 1Illite and illite-montmorillonite
are the most frequent minerals; they average about 50% and 30%,

- respectively. Kaolinite averages about 16%, while chlorite is

the least frequent mineral and has an average of about 4%.

b. SilEstones and Sandstones:

Clay miﬁerals separated from siltstones, quartz-.
areﬁites, and quartzwackestones were fouﬁd similar to those
in the argillaceoﬁs rocks, The main difference between the
argillaceous rocks, and sandstones and siltstones is the
abundance of kaolinite in the latter rocks (Fig. 7.11).
Kaolinite.has an average of about 40% in the quartzarenites,

Abundance of kaolinite in these rocks was confirmed by the
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FIG7.10 Average frequency of the various
minerals forming the whole rock
material of the argillaceous rocks
of the Codl Measures.



0 @ ®  ®

e Chlorite

ey
o |
| e 'f

—

i
=

-----

......
.............
cecenet  freerssp  ewgene

-----------

------------------

oooooooooooooooo

-
] .

- . .

o [ LT RTS P PSS AN H

] :::::'.1 R :::::: ...... . ': ---- . Mlxed-‘
1 oo -

-1

iStE N FESE S B FREELs:
aunl Py iy
:

------ :‘:::. a0 oy AR LR NEY
SEEE RS FEEES I ISR ayers
csenan MR A LT N IR T
4% I 10T R S N ST
esr ey R ETC "R Tevaged lawesad
------------
............

......

------
------

------

, . liite

FIG. 741 Average frequency ‘s of the clay minerals in the <2y fraction of
the various lithotypes of the Coal Measures.
1) Quartzwackes (Av. of 17 samples) 4) Mudstones (AV.'Of 53 samples)

2) Quartzaremites (Av. of 12 samples) 5) Underclays (Av. of 18 samples)
3) Siltstones (Av. of 17 samples) 6) Shales (Av. of 6 samples)

- 8LE -



_ | - 379 -
petrographic studies, where vermicular kaolinite was found
to be present as pore-filling cement in most of the quartz-

arenites. The quartzwackestones usually contain less amounts

of kaolinite (24%).

DIAGENESIS OF CLAY MINERALS

Clay minerals in the rocks studied can be of two
main genetic types. These are: Allochtonous and Autochtonous

clay minerals.

Allochtonous Clay Minerals:

Detritaljclays are predominanf in most of the rocks
studied. These clays could be derived from weathering horizons
and soiis of the parent rocks. Detripal clays in the carbonate
- rocks could be in part derived from the weathering horizons of
the shales of the lower Limestoﬁe Shale Group. They could also
be derivgd from soils which covered limestone exposures in the
Carboniferous Limestone time. These soils are preserved in
some localities as thin beds of seatearth within the carbonate

sequence.

In Millstone Grit and Coal Measures rocks, argillaceous
rocks of the older beds were most probably the source of the

detrital clays of the younger beds.
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.Autochtonoﬁs Clay Minerals:

Theée‘are.clay minerals which have been formed’
after the deposition and during the diagenesis of the
_sediments; Two procesées were responsible for the formation
- of these clay minerals, namely; by transformation of detrital
'clay and non-clay mineral particles; and By direct pfecip-

itation from pore solutioms.

(a) Transformation processes:

These processes took place just a%ter the deposition
of the detrital components of the sediments, and before their
complete 1lithification. By these processes QOme of the non-
clay minerals were altered to ciay minefals, and detrital
clays‘could be altered to another clay mineral. Two processes
were distinguished, namely; dégradational alteration and

aggradational alteration.

Degradaﬁional alteration is responsible for the trans-
formation of high temperature metamorphic and igneous minerals
to clay minerals. It iis represented in the rocks studied by:
(1) transformation of muscovite to iilite, and (2) transform-
ation of mﬁscovite;to kaolinite..-These processes have been
described petfographically in Chapter V , It is assumed that
a great quantity of the illite and mixed layer minerals in

the terrigenous rocks of the Millstone Grit and Coal Measure
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rocks could have been formed by the degradation of detrital -.
muééovite duriﬁg the early stage of diagenesis. Smoot (1960)
showed that mixed layers become more abundant during the
diagenesis of American Pennsylvanian sandstones. 1In the
‘micaceous siltstones kaolinitisation of muscovite flakes is

suggested as the most important process responsible for the

abundance of the kaolinite in these rocks.

Aggradationai alteration mechanism was described
by Weaver (1959). It is sugéested that this process is resp-
onsible for the transformafion of formerly deposited montmor-
illonite to illite and/or illite-montmorillonite mixed layer.
This can be the answer for the absénce of‘montmorillonite in
all of the Carboniferous rocks of South Wales. Aggradational
transformation can take place during sedimentation and
diagenesis. It was very difficult to distinguish that which
took place during sedimentation from that formed during

diagenesis, because the two are superimposed.

(b) Chemical precipitation process:

This process is responsible for the precipitation
of clay minerals from pore solution during the diagénesis.
Clay minerals formed by this process are frequent in both the

carbonate and non-carbonate rocks. It was found that vermicular

kaolinite is the only mineral formed by this process.
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~ In the carbonate'rocks, petfographiéal'studies
revealed that kaolinite is present as pore-filling mineral, It
occurs as well crystallized coarse vermicular aggregates; It
has noticed also that thése cavities are formed partially by
‘dissolution of calcite. Schroeder et al. (1968) reported the
occurrence of simiiar kaolinite and dickitélin the Pennsylvaﬁian
limestone of South-eaétérn Kansas. They suggested that these
minerals have been precipitated from heated groundwater?
possibly mixed with magmatic waters. Authigenic kaolinite and
dickité in the studied carbonate rocks are most probably
precipitated from acidic hot water, which has partially
dissolved the carbonate firstly forming the wvugs and then

precipitated kaolinite and dickite.

INCIPIENT METAMORPHISM OF CLAY MINERALS

Introduction

Iﬁ the last few years many authors have studied the
altefation of the clay minerals during the incipient metam-
orphism stage. Kossovskaya and Shutov (1970) summarised some
of.the Russian work on the alteration of terrigenous rocks
during deep burial. Desegonzac (1970) in his review of the
transformation of clay minerals dﬁring diageneéis and low-
grade metamorphiém has mentioned most of the important works

in this field of study.
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Formation of new clay minerals and recrystallization

of illite are the main changes in the clay minerals that have

taken place during incipient metamorphism of the rocks studied.

(1) Mineralogical Changes:

+ X=ray analygis of claYs separated from various litho-
types revealed that there is a close relationship betweén
authigenesis of clay minerals and the degree of incipient
metamorphism of the rocks studied, as indicated from coal

ranks.

The following changes in the clay minerals were

observed in the rocks studied:-

(1) In the carbonate rocks, the expandable layer perce-
ntages of fhe randomly interstratified illite-montmorill-
onite clay minerals decrease in the direction of increasing
coal rank and therefore the degree of incipient
metamorphiém. The same phenomenon was reported by Burst
(1959) in the clay minerals of the Eocene of the Gulf

" Coast (Texas and Louisiana). He found that the ability
of the illite-montmorillonite mixed layers to expand
decreased gradually with increase in depth until it
almost disappéared below 4,500 m., and only illite and

chlofite were observed.
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(ii) In‘thé~terrigenous rocks of the Coal Measures it
. was found that regular mixed layer-illite-montmorillonité.

(Allevardite) started to appear in the anthracite zone.

It is most probable that the abundant randomly inter-

stratified illite-montmorillonite has been altered to

\allevardite by increasing the grade of ﬁethmorphism. Long

and Neélia (1968) reported in the Mio#ene of Gagliéno

(Sicily) that illite-montmorillonite mixed layer is

re-ordered gradually at depth from 2,000 m. to 3,000 m.

This was also observed by Desegonzac (1969) in other

places.

(iii) The appearance of pyrophyllite iﬁ small amounts in
the terriggnous rocks of the Coal Mea§uresAin the anthr-
acitebarea. This mineral was reported in the anchiozone
of the Paleozoic rocks in the Saharé, Desegonzac (1969)

and Chemaux et al. (1970).

(iv) Well crystalline kaolinite and dickite is observed

in the carbonate rocks of the anthracite zone.

(v) No evident relationship is noted between variation
in the clay minerals and the depth of burial in the

area studied.
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(2) Crystallinity of Illite:

L 4

Introduction:

Illite crystallinity is a'pafameter sufficiently
sensitive to give evidence of metamorphic recrystallisation
well before classical petrographical analysié,.hs shown by
Weaver (1960). This technique was applied ﬁo the Jurassic
"terres noires'" of the Alps (Desogonzac et al. (1966), |
Desogonzac (1969)), the Northern Pyrenees (Kubler, 1966) and
the Paleozoic of Northern France (Desegonzac et al., 1968).
The use of statistical crystallinity measurements is a certain

index of the zone of thermal influence of metamorphism.

The degree of crystallinity of illite was used by
many authors as an indication of the degree of metamorphiém
in sedimentary rocks. Weaver (1960) quantified the crystall-
inity of illité by measuring the thickness of the 10 ] peak.
He calculated it by dividing the peak height at 10 2 by the
peak height at 16.5 R, and called it the sharpness ratio.
Weaver used the sharpness ratio of the 10 2 peak to determine
the relative degree of metamorphism in the paleozioc rocks of.
the Quachita mountain, U.S.A. Table 7.7 shows Weaver's
sharpness.ratio of 10 & peak and the related degree of meta-

morphism.
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TABLE 7.7  THE RELATIONSHIP BETWEEN SHARPNESS RATIO
. OF 10 & PEAK AND DEGREE OF METAMORPHISM.

Degree of Metamorphism Shgzggiss
Unmetamorphosed rocks - 2.3
Incipient metamorphism ' 2.3
Incipient to weak metamorphism 4.5
Weak metamorphism ‘ 6.3
Low-grade metamorphism 12.1

Kubler (1966) has quantified the crystallinity of
illite by measuring the wid£h of the 10 & peak at its half
height. This measure is known as illite crystallinity index.
Unfortunately Kubler's crystallinity index is dependent upon
the experimental conditioms, which vary as an inverse function
of ‘the crystallinity. In the present work Weaver's sharpness

ratio has been used. The measured sharpness ratios of the

studied samples are tabulated in Tables 7.2, 7.4 and 7.5.

Sharpness ratio of illite in the rocks studied:

Carbonate rocks:

Sharpness ratio of illite in the carbonate rocks has
been calculated, Table 7.2 (page 358). The samples used in
this study were collected from several localities in a way to

represent the different grades of incipient metamorphism. The
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average of illite sharpness ratio in the samples studied at
each locality was plotted on a map. The data have been
approximately contoured and an isosharpness ratio map of Ehe
illite in the Carboniferous Limestone rocks of South Wales is
produced, Fig. 7.12. Approximation in thié map is due to the
fact that the éampling points are controiled'by the distribution

of the outcrops.

It was found that sharpness ratio of illite in these
rocks ranges from 1.1 to 5. From the illite isosharpness map
it is concluded that sharpness ratios progressively increase,

from the east to the west, i.e. with increase in the coal rank.

Terrigenous rocks:

(i) Millstone Grit:

The sharpness ratios of illite in the terrigenous
rocks of the Millstone Grit range from 2.0 to 4.3. Most of
the Millstone Grit samples are collected from the anthracite

area, and they have sharpness ratios over 2.3. "

Illite sharpness ratio has been calculated in
samples representing the various lithotypes of the Coal
Measures Series, and the various grades of incipient meta-

morphism as indicated by coal rank. Data are tabulated in
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Table 7.5 (page ). Fig. 7.13 is the isosharpneés map of
ili;te in the Coal Measures rocks. It shows a prﬁgressivé
increase of the illite éharpness ratio towards the west of
the coalfield, It -reaches up to 6 in the anthracite area;
Fig. 7.14 shows the relationship between illite sharpness
ratio and the fixed carbon Z%. Ffom this diagram it can be
concluded that sharpness ratio increases with the inéreése in
the fixed carbon % of the associated coal seams. It was also
found that sharpness ratio of illite in sandstones and silt-

stones is often higher than that in the associated argillaceous

rocks.

Generally it was found that there is no evident
relationship between the illite sharpness ratio and the depth

of burial in the localities studied.

(3) Intensity Ratio (002)/(001) of Illite:

" The relative intensity of (00l) reflectioms is
related to chemical composition of the octahedral layers in
micas and chlorites. Nagelschmidt (1937) has shown that the
5 & reflection was much stroﬁger for dioctahedral micas of
the muscovite type than for the trioctahedral micas of the
biotite or phlogopite type. Klingebiel and Latauche (1962)
have used. the in£ensity ratio of (002)/(001) to differenﬁiate

between aluminous and ferromagnesian illites. Esquevin (1969)
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suspected that the crystallinity of illites depended not only
on ;he temperature of recry;taliization,_but also on the
chemical composition. He studied the relationship betwéén

the crystallinity of illite and the intensity ratio of the
(002) and (001) peaks. The same relation has been studied by
Desegonzac (1969) in many samples representing various grades
of diagenesis and metamorphism. He concluded that increase in
metamorphism was accompanied by increase in the I(002)/I1(001),
i.e. was accompanied by increasing in the Al /Mg+Fe, Fig. 7.15
summarises the relationship between crystallinity and 1(002)/

(001) of illites after Desegonzac (1969).

- I1lite crystallinity represented by the sharpness
ratio has been plotted against the 1(002)/1(001) in the
Carboniferous Limestone and Coal Measures rocks (Figs. 7.16

and 7.17), respectively.

In the case of the Carboniferous Limestone rocks,
it was found that I(002)/1(001) of illite ranges from about
0.4 to 0.95. No significant relation between the illite

crystallinity and 1(002)/1(001) of illite has been noticed.

In the illites of the Coal Measures rocks a relation-
ship between crystallinity represented by the sharpness ratio,
Al/Fe+Mg represented by I(002)/1(001) and the fixed carbon %

of the associated coal seams has been recognized, Fig. 7.17.
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It was found that increasing the fixedcarﬁon % of the
associated coal seams (i.e.Aincreasing of the grade of
metamorphiéﬁ) is accompanied by increase in illite crystall-
inity and increase in the Al/Fe+Mg of the illites. It can be
concluded that by increasing the grade of inpipient meta-
morphism of the Carboniferous rocks of South Wales, illites

become aluminous.



CHAPTER VIII

INCIPIENT METAMORPHISM -OF THE ORGANIC MATTER
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INCIPIENT METAMORPHISM OF THE ORGANIC MATTER

A.  INTRODUCTION

_The metamofphism of organic deposits and dispersed
organic matter in sedimentary and meta-sedimentary rocks has
attracted the attention of many geologists and geochemists
for about a century. Tﬁis is due to the fact that thefe is
a clear relationship between degree of metamorphism of organic
matter and occurrence of hydrocarbons on a regional scale.
Study of incipient metamorphism of organic matﬁer in sediment-
ary rocks is of twofold importanck. The first is to study the
evolution of the hydrocarbons and their generation from the
original rock sources. The second is to study the different
variations in the organic matter properties during progressive
‘metamorphism and therefore their application as a palaeogeo-

thermometer,

Metamorphism of the organic matter is a result of
the effects of temperature, pressure and time. The main cons-
equences of the metamorphism of the organic matter is the .
progressive increase in their fixed carbon content and decrease
in their volatile contents. These chemical changes are usually.
accompanied by variations in the physical and optical properties
of the organic matter. Among these properties are refleétivity,

refractive index, bireflectance, colour and crystallinity.
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Regarding the crystalliniﬁy; it was found that
witﬁ metamorphism, progressive molecular reorganisation of
tﬁe'organic matter can be observed in the X-ray diffractibn
pattern (French, 1964; Kisch, 1966; Rutland, 1968; Griffin,
1967;‘ and Landis , 1971). The samples of low rank have a
very diffuse pattern with a very low widelpeék poorly differ-
entiated from the general background. As the rank incréases,
the pattern tends towards that of graphite. it was found glso
that with incfease in temperature, the dimension of the organic
crystallites (especially in the a-axis) increases (Blayden et

al., 1944; and Goodarzi and Murchison, 1972).

In the present study, two techniques have been
applied in studying the metamorphism of the organic matter.
These are; the examination of the organic matter in reflected

light and in transmitted light.
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B. | EXAMINATION OF THE ORGANIC MATTER IN REFLECTED LIGHT

GENERAL STATEMENT

This part deals with the petrography of the dispersed
~ organic matter in the rocks studied and their reflectivity
measurements. Reflectivity measurement is a well-established
technique for the determination of coal rank and the thermél
alteration of coal (Brown and Taylor, 1961; Francis, 1961;
Taylor, 1961; Murchison, 1964; Chandré, 1965 McCartﬁey and
Ergun, 1967; and Bennet and Taylor, 1970). It is generally
well known that the percentége of reflectivity of polished
vitrinite surfaces increases with increasing the grade of meta-
morphism; Reflectivity can be applied to spores as well as
vitrinite but less exacfly (Alpern, 1967). The refractive
index of the organic matter was found to be depéndent on the
grade of metamorphism, but it is not as widely applicable as

reflectivity (Forsman, 1963).

METHODS OF STUDY

For the purposes of the present study, 54 samples
were chosen to represent the various rock types encountered
in the studied baéin, as well as the different grades of meta-

morphism. Table 8.1 shows the distribution of these samples.
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TABLE 8.1 - Distribution of the samples examined in

reflected light.

Series - Lithology No. of Samples
Carboniferous’ Biomicrite 8
Limestone Biosparite 1
Dolomicrite , 2
Shale 2
Millstone Grit Sandstone 2
Siltstone
Shale 3
Coal Measures Sandstone 17
Siltstone 2
Argillaceous Rocks 15

Preparation of normal polished section has been

. discussed in detail by Ramdohr and Rehwald (in Freund, 1966).

Since the purpose of these polished sections is the study of

the organic matter in the rocks, so the notes published by

Murchison and Boult (1961) on the polished surfaces of the

coal materials were taken into consideration.

The following

is the procedure used in the preparation of the rock polished-

surface in the present study.
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a. Impregnation: -

e ..

Most of the argillaceous rocks and some of the
quartzwackestone samples have been‘impregnated. Afaldiﬁe
resins AY18 and hardenér Hz18 (Ciba Co., Oxford and Cambridge);
proportion 100:75 by weight, have been used for impregnation.
Fresh, dry and clean rock specimens of one cubic inch.in size
were immersed in the prepared resin for 48 hours at 40°C under

vacuum.
b. = Cutting:

Rock specimens were cut at right angles to the bedding

1} " 1 "

in the form of slices of about %" x %" and of about %" to %" in
thickness. One face of the rock slice was ground on a wet glass

plate with 280 carborundum.
C. Mounting:

Material to be ground and~bolished on an automatic
machine ﬁust be in a suitable form. This was achieved by
mounting the specimen in artificial resin. The rock slices
were placed into  plastic moulds and cold setting artificial
resin poured into them, (Griffin and Gregory embedding resin).
The resin was left to cure for abbut 24 hours. The face of
the mounted specimen was ground on a high speed rotating

diamond wheel with water as a lubricant. The back side of

the mounted specimens were also ground for levelling.
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d. Grinding:

Specimens were first ground on an automatic labing
machine using 800ASilicon Carbide suspended in water for about
three hours. This produced an optically flat semi-polished
surface, The specimens were then thoroughly cleaned to remove

all of the abrasive traces.

e. Pre-polishing stage:

Grinding was followed by polishing on a rotating lab
covered in linen using 850 aluminium oxide and water. The time

for polishing ranges from 5 to 20 minutes.
f. Polishing:

The actual polishing of the specimens followed in
four stages. In all of these'stages pure mineral oil was used

as a lubricant.

(i) - 6-12 (L diamond paste abrasive. The lab covered with
hyperocel pellon - polishing time ranges from % to 2 hours.

(ii) 1-5|. diamond paste abrasive. The lab covered with
hyperocel pellon - polishing time ranges from % to 2 hours.

(iii) 0-24 diamond paste abrasive. The lab covered with

wet cloth - polishing time ranges from % to 1 hour.
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(iv) 0-%L ‘diamond paste abrasive. The lab covered with.

° wet cloth - polishing time ranges from 10 to 45 minutes.

Remarks:

(i) | The specimens have been thoroughly washed with hot
wétér and detergent and then dried after finishing from
every stage and before starting the next. In some cases
ultrasonic.vibratof was used to remove the abrasive

particles from the fine pits and cracks.

(ii) The polishing time for each stage depends on the
nature of the specimen, especially the lithology. Carb-
onate rocks were the easiest and quickest to polish, while

quartzarenites took longer.

(ii1) In sﬁme of the argillaceous rock specimens, especially
underclays, large areas of the surface were blocking out
very badly dﬁring the grinding and the pre-polishing
stages. In this case the specimens have been impregnated
again. Impregnation was carried out on the mounted

specimen by covering its surface with araldite resin.

(iv) The rotating speed of the lab as well as the weight
loading on the specimen were changeable according to the

nature of the specimens.



- 405 =~

3. Equipment_and method employed for reflectivity measurements:

The equipment used for reflectivity measurements and
its arrangement is shown in Fig. 8.l. Its main parts comprised
Zetopan (Richert) inciaent light microscope with auxiliary .
‘magnification system; a photomultiplier tube with a spectral
response extending from 200 to 800 nmm, ; a DC amplifier; and
a pen recorder with 10 mV full scale deflection.‘ Measurements
with this equipment can be made using polarising air and oil
objectives on field areas as small as one micron diameter.
Reflectivities were measured at 546 nm. in air and in oil

(n oil = 1.515 at 24°C).

The procedures used are those described by Bayer
(1967) for the A.S.T.M. Sub-Committee on Petrographic Analysis

of Coal. Briefly, they are as follows:

i) The various components of the apparatus are carefully
aligned, which is necessary because of the great sensitivity
of the instruments employed. They are affected by
variations in electrical current, deviations in the

optical path, and instability due to changes in humidity.

- ii) The specimen and the standard are placed on the
revolving microscope stage. They must be optically

levelled. Two standards have been used, namely, Zeiss
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FI1G. 8.1 Apparatus used in reflectance measurements.

A. Reflected light microscope.
B. Photomultiplier tube.

C. Recorder.
D

. Constant current supply.
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reflectance standard NGI (R air % 5.33 at 546 nm.) and
Zeiss reflectance standard SiC (R air % 20.9 and R oil %

7.7 at 546 nm.).

iii) The microscopic stage islthen slowly rotatéd through-
360° and the highest reéding on the recorder is noted (A).
The reading represents the maximum reflectance of the
orgahic matter under observation. Then the specimen mount
is moved and the standards‘afe examined and the reading on

the recorder is observed (B). The procedure has been

repeated at least three times for each grain.

- iv) - For the calculation of the reflectivity % of the

specimen, the following equation has been applied:-

R - A
Rl B
where, R = the reflectivity % of the specimen.
R, = the reflectivity % of tﬁe standard.
A = the recorder reading of the specimen.
B = the recorder reading of the standard.

The reflectivity percentage in air and in oil has

been measured in the studied samples.
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PETROGRAPHY OF THE DISPERSED ORGANIC MATTER

Because the reflectivity varies with the variation of
the organic matter type, so it was necessary to identify the

organic matter used for the measurements.

- Classification of the organic matter, bbth as
dispersed grains in sedimentary rocks and as organic deposits,
has been studied by many coal and oil geologists (Stopes, 1935;
Potonie, 1951; Bitterli, 1963; Muratov, 1963; Spackman and

Thompson, 1963; Alpern, 1970; and Correia, 1971).

Potonie (1951) classified bituﬁen petrographically
into eleven types. Table 8.2 shows these types and their
geﬁetic classification. Bitterli (1963) has classified the
debosited orgaﬁic matter on the basis 6f its chemical properties
into three groups, namely; (a) naptha bitumen (substantially
soluble in carbon disulphide); (b) Kerabitumen (substantially

insoluble); and (¢) coal (substantially insoluble).

Muratov (1963) has designed a genetic classification
of the organic matter. He considered thé organic remains as
minerals and used the term "organite'" for the organic matter,
and the term "anorganite'" for the inorganic mineral constit-

uents of the rock. His classification is based on the following



TABLE 8.2 POTONIE'S CLASSIFICATION OF BITUMEN

 Primary substances Carbohydrate Labilprotobitumina Stabilprorobitumina
e—””’r ‘ \
Early or Saproficative Primary labil- “\\\\\séecondary : Subfossil
phase of bituminisation |. protobitumina Labilprotobitumina Stabilprotobitumina
Stabilisation phase Stabil MEtsngE;lna Foisil
of bituminisation Kerabitumina Polymer bitumina Stabilpfotobitumina
Subituminisation | \EubitUm:‘Lna
phase ) _ I‘
- . L3 . & \’ 3 ]

Coalification phase Nigrite Aspaltite  Exinonigritite

- 60% -
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basis; (a) character of the initial material; (b) the
mecLanism of its aécumulatipn and fossilisation; (c) the
‘nature of the subsequent alterations that led to the formation
of the organite in. question; and (d) the_degree of manifestation
of the main factors of the transformation., Muratov's

classification is summarised in Table 8.3.

‘Correia (1971) in his study of the diagenesis of the
organic matter in subsidiary rocks has classified the acid

insoluble organic matter into three groups. These are:
i
(a) Insoluble organic matter with definite morphological

shapes, which'include fossil micro-organisms (such as
spores and pollen grains, dinoflagellatesm acritarchs,
chitinozoans, scolecodonts and microforaminifera), organic
debris (suéh as cuticles, tracheids, sporangial debris and

other plant and animal remains debris).

" (b) Insoluble organic matter with poorly defined outlines

including fine organic matter which may.be colloidal.
(c) Soluble organic matter.

Alpern (1970) has recently suggested a classification
for the organic matter in the sedimentary rocks based mainly on
their petrographic characteristics in reflected light. He used

the term "organolite" to define all types of the microscopic



TABLE 8.3

' mTOV'S CLASSIFICATION OF ORGANIC MATTER
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SUBTYPE

DIVISIOR
QR_GROUP

CLASS

SUBCLASS

ORDER

FAMILY

1. HUMO-ORGANITE

Humites

Cata humites

Brown Coal
Hard Coal

fMeta hunites

Anthraclite
Para anthracite
Graphite

|Ep1 humites

True epihumites

Oxidised brown coal

Secondary brown coal

Oxy.—humit:es

Oxalates
Metallates
Hunates

i.lpt:ites

[fat liptite
Cuticular 1lipt
Fpore liptite
Suberim 1iptite

Humo-liptites

2. SAPRO-ORGANITE

Cata boghead

Ortho boghead-

" |Boghead hard coal

Macro saprites
(boghead)

Meta-boghead

Boghead anthracite

Boghead para-anthra-

cite
Apo-boghead :
(graphite)

Epi-boghead

Bogheadous secondary

brown coal

Proto-napthoids
Lipto-napthoids
Pyro-napthoids

Tecto-naptholds

Lpi-ntpthides

IProducts of subar-

eal weathering

Kirs
Humino kerites

Products of subsu-
rface weathering -

Maltlas .
Asphalts

Products of micro-
biological
weathering

Algarites

Cata-napthides

Gilstones
Grahamites

" |Meta-napthides

Shungites
Graphite

Schizo-napthides

Napth-filtrates
Cas condensate
0zo Kerites
Hatchellites

3, SAPRO-IIMO-
ORGANITES

Sapro-hunites
Sapro-liptited

4. PYRO-ORGANITES
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organic matter dispersed or congregatgd in the sedimentary
rocks. On the basis of the morphographic characteristics he
distinguished seven groups of organolites. Thege are: (1)
Textites (tissues); (2) Gelites (humic gels; (3) Detrites
(microfragments and intercalated gels); (4) Bitumes (asphalts
and bitumens); (5) Spherolites (excretions and. inclusions);

(6) Sporites (spores and pollen grains); (7) Orgénites
(different'orgaﬁisms). On the basis of compaction, gelification
or oxidation, homogeneity and refleétivity, each group has been
further divided into subgroups and classes. Table 8.4 .

summarises Alpern's organolite classification.

4

Identification and nomenclature of the dispersed
organic matter in the studied rocks is based mainly on Alpern's

classification.

Idéntification of the organic'matter in Eolished sections:

Five organolite groﬁps have been identified in the
polished sections of the rocks studied, namely, Textites,

Gelites, Detrites, Bitumes and Sporites.
a. Textites:

Organic fragments belonging to this group are very
frequent in most of the samples studied. Two subgroups have

been identified, namely; xylotextite and fungitextite. Xylo-
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TABLE 8.4 ALPERN'S CLASSIFICATION OF ORGANOLITES
Xylinite
2 Gelitextite Xylotelinite
M} Xylotextite : Telinite
e . (Cryptotelinite)
- Fusi Textite Blofu31§1Fe
o Pyrofusinite
| Exotextite Sub?rlte§t1te
o Cutitextite
. . Geli Funginite
| Fungitextite Fusi Funginite
Gelinite Por?gel%n%te
Levigelinite
e sy Meso Collinite
GELITES Collinite Cata Collinite
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textites are those of the fossils of the lignocellulosic

»

tissues while the fungitextites are the pseudo tissues of the
fungi; . The latter are usually characterised by walls of

irregular thickness and irregular shapes and dimensions.

a.l Xylotextites:

Two main types of xylotextite have been identified,

namely, gelitextite and fusitextite.

-

a.l.1 - Gelitextite:

These are plant tissues which have been decomposed
chemically and biochemically through Various_complicatea
processeé such as humification, gelification and calcification.
The texture of these débris reflects the following phenomena:
(i) expansion of the cell wall; (ii) obliteration of pores
and cavitie;; (iii) increase in reflectance. As a whole, these
phenomena provoke an increase in homogeneity, compaction and
lustre. Two varieties of gelitextiﬁe have been identified,

namely, xylotelinite and telinite.
a.l.1l.1 Xylotelinite:

The xylotelinite fragments have a distinguished

tissue structure-with the cell wall slightly gelified. They

are most common in sandstones and in some argillaceous rocks.
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Usuélly they are of elongated shape.and'lie parallel to the
bedéing; They are generally comﬁacted, so that the cell
cavities tend to be -elongated énd lensoidal in shape wiﬁﬁ
their long diameter parallel to the bedding (Plate 36,

Figs. 1, 2, 3 and 4 ). Combined grains of zylotelinite and
cryptotelinite are present. Gradational trénéformation from
xylotelinite to cryptotelinite can be recognised in many

fragments (Plate 36 , Figs. 3 and 4).
a.l.1.2 Telinite:

Telinite debris show an advanced state of gelification
of the xylotelinite. Compaction.of the tissue is almost total,
but the structure can still be recognised (Plate 36, Figs., 5

and 6).

a.l.2 Fusitextite:

iy —————— - -

Fusitextite grains are common in most of the sand-
stones and the argillaceous rocks. .They are usually character-
ised by their high reflectivity which does not change much
with coalification. Two varieties of fusitextite have been

identified, namely, biofusinite and pyrofusinite.
a.l.2.1 Biofusinite:

It is characterised by collapsed cellular tissue.

Biofusinite fragments are commonly present associated with the
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gelitextite debris. This type of fusitextite is commonly

produced by the biochemical decomposition of the plant debris

in partial aerobic environment.
a.l.2.2 - Pyrofusinite:

It is characterised by well-preserved cellular tissue -
and a relatively high reflectivity. It is usually present as
fine-gréined debris and is less common than the biofusinite

debris. Pyrofusinite is fossil charcoal (Plate 37 , Figs.

1, 2, 3, ll-, 5 and 6)-

a.2 Fungitextites:

This type is less common than the other organolite
types. It is.uéually present in carbonate rocks. Fungitextites
aré present as globular bodies with irregular cavities inside.
Adcording to their reflectivity they mostly belong to the

fusifunginite type (Plate 37 , Fig. 7 ).
b. Gelites:

Thei are present in almost all of the studied litho-
types. On the basis of reflectivity, gelites are_represented‘
only by the collinite type which is cﬁaracterised by maximum
homogeneity. Two types of collinite debris havé been

distinguished, namely, autochtonous collinite and allochtonous
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collinite. Autochtonous collinite debris is usually present
as well preserved rootlets in the underclays, and as thin
laminae parallel to the bedding (similar to algal mats) in

the siltstones and mudstones (Plate 38 , Figs. 1 and 2 ).

Ce Detriteé:

6rganolite fragments belonging té this group are
characterised by an accumulation of'microfragments-with or
without identified shape floating in a groundmass of humic
gels. The identified detrites debris is méinly of the densi-
detrite fype. It is commonly present in the coarse-grained
sandstones and in éome carbonate rocks. .Iﬁ the sandstones,
densidetrite is present as coarse-grained fragments consisting
generally of low reflectivity lensoidal debris floating in a
-relatively high‘reflectivity collinite g:oundmass (Plate 38
Fig. 3 ). In carbonate rocks, densidetrite is present as
~coal streaks trapped between the allochems in some biomicrites.
These coal streaks consist of fine-grained elongated debris of .
collinite, fusinite and fusifqngite floating in a groundmass
of micrinite and gelinite (Plate 38 , Fig. 4 ). Densidetrite
has also been recognised as stylolitic seams in some dolo-
micrites (Plate 39 , Fig. 6 ). So it is an autochtonous
densidetrite formed by the concentration of tﬁe organolite

debris along the stylolites.
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PETROGRAPHY OF THE ORGANIC MATTER (in reflected light)

[

(Plates 36 - 39)

PLATE 36

Fig. 1 ' Xylotelinité,}cell cavities are elongated and
filled with resinite (?). Coal Measures

Sandstone. Sample 170.

Fig. 2 Xylotelinite, cell cavities filled with
siderite. Sideritized lithicargnite of the

Upper Coal Measures. Sample 733.

Fig. -3  Xylotelinite (Xt) progressively altered .to
Cryptotelinite (Ct) and associated with
ﬁuSinite (F). Coal Measures Sandstone. -

Sample 249,

Fig. 4 Xylotelinite (Xt) altered to Cryptotelinite (Ct).
Note cellular cavities partially filled with

pyrite. Coal Measures Sandstone. Sample 170.

Fig. 5 =~ Telinite (T). Coal Measures Sandstone.

Sample 338-6,

Fig. 6 Telinite (T). Note cellular cavities are
compacted and transferred to discontinuous
elliptical cavities. Lithicarenite of the

Millstone Grit. Sample 90.
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PLATE 37

Fig. 1 Pyrofusinite. Note the well preserved cellular

tissue. Coal Measures Shale. Sample 131.

Fig. 2 Pyrofusinite (F) with a collapsed cellular
tissue and telinite (T). Note the difference
in reflectivity. Coal Measures Sandstone.

Sample 170.

Figs. 3 & 4 Pyrofusinite (F) and telinite (T) in

Coal Measures Sandstone. Sample 719.

Fig. 5 Pyrofusinite. Coal Measures Sandstone.

Sample 338-6.

Fig. © Slightly deformed pyrofusinite fragment.

Coal Measures Sandstone. Sample 249.

Fig. 7 Fusifunginite (arrow). The funginite tissue
has been distructed by the force of crystall-
ization of the siderite infilling (S). Note
the presence of framboidal pyrite. Millstone

Grit Shales. Sample 88.
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PLATFE 38

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Cata collinite fragment. Coal Measures

Sandstone. Sample 170.

A plant rootlet preserved as Cata collinite

in a Coal Measures Underclay. Sample 907,

Detrite (D) and Collinite (). Note displace-
ment of a fractured collinite fragment due to
the force of crystallization of pyrite (arrow).

Coal Measures Sandstone. Sample 388-6.

Detrite streaks floating in fibrous calcite.
Note detrite consists of collinite fragments
embedded in a micrinite groundmass. Bio-

micrite. Sample 615,
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PLATE 39

Fig. 1

Fig. 2

Fig. 3

Fig. &4

Fig. 5

Fig. 6

Sporite floating in the matrix of a

biomicrite. Sample 622,

Sporite floating in a detrite fragment.

Biomicrite. Sawple 615.

Sporite. Millstone Grit Shale. Sample 661.

Sporite. Biomicrite. Sample 6l4.

Sporite. Note the destruction of the original
spore by the force of crystallization of the
siderite infilling (S). Millstone Grit Shale.

Sample 88.

Sporite floating in a lump of organic matter
which has been concentrated in a stylolite

seam. Dolomicrite. Sample BY65.

Bitumite lump. Note the concentric fractures,

Coal Measures Sandstone. Sample 385-6.
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d. 'Bitumens:

.
This“is the least common type among the other organ-
olites in the rocks stﬁdied. it is represented mainly by
catabitumite debris which is presenf mainly in the carbonate
rocks. It is present as shapelesé, very fine-grained bodies
sporadically distributed in the rock. In some rocks, cata-
bitumités were found to be concentrated on stylolites. Imn
.some sandstones it is present as ovoidal-shaped bodies'of‘high

reflectivity with dessiccation cracks (Plate 39, Fig. 7).

K3

e. SEorites:

They are present as spherical bodies with thin,
regular walls, According to their reflectivity, Mesosporites
and Catasporites have been identified (Plate 39, Figs. 1, 2, 3;

&, 5 and 6).

a. In sandstones and siltstones:’

In the massive sandstones and siltstones, organic
matter is present usually as detrital grains in the size
range of the framework mineral grains (Plate 40., Fig. 1 ).
In the thinnly-bedded sandstones and siltstones, organic
matter is commonly presént as thin collinite laminae lying

on the bedding.
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b. . In argillaceous rocks: S

In shales, orgaﬁic matter is usually present as fine
silt-size grains sporadically distributed iﬁ the-rock, some-
times as elongated debris lying parallel to the bedding. - In
the mudstones, organic matter is generally present as an
~algal-mat-like laminae of collinite (Plate 40 , Fig. A3 ).

In the case of.ﬁnderclays, they are present in two forms, these
‘are; (1) well preserved rootlets consisting of collinite
(Plate 38 , Fig. 2); . and (2) as extremely fine-grained

debris and véry thin fine-grained shreds,

C. In carbonate rocks:

In biomicrites and biosparites, organolites are
présent mainly as very fine-grained collinite and Catabitumite
debris dispersed in the micrite matrix and between Lhe calcite
crystals forming the cement (Plate 41 , Figure 2).
Occasionally, in some biomicrites thin coal‘streaks are present
trapped between the allochems. In'the dolomicrites bitumite is
present as'intergranular pore-filling, Concentrations of
organic matter along the-stylolites are a common phenomenon

in the carbonate rocks (Plate 41 , Fig. 1).
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For descriptive purposes textures of the organic
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matter are grouped as; (a) deformational textures; and (b)

textures showing the relationships between the organolite

debris and the mineral matter.

a. Deformational tektures:

a.l Grain fracturing:

This texture is most evident in sandstones and
carbonate rocks where éollinite debris has been intensively
fractured. Fracturing is commonly accompanied by spalled-off
sli&ers of collinite, some of which may display.rotation
(Plate 42 , Figs. 5 & 6).0n the basis of geometry, two types
of fractﬁres have Eeen identified; namely; ifregular fraétures
and concentric fractures. The former type is the most common
and is usually displayed in collinite debris. Concentric
fractures have been recognised.only in Catabitumite debris

and could be dessiccation fractures.

-

"a.2 Grain crushing and collapsing
of the cellular tissues:

This texture is commonly displayed in pyrofusinite
debris. Where compaction has been iﬁtense, pyrofﬁsinite
grains were crushed and the fragments rotated (Plate 42 ,
Fig. 1 ). Compaction of the pyrofusinite grains ied to the
collapse of the cellular'structure resulting in the reduction

of the grain size (Plate 42 , Figs. 2 and 3).
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b. Textures showing the relationships between the
* organolite debris and the mineral matter:

b.l1 The grain boundaries of the organolites:

It was found that the shape of the organolite debris
boundaries is dependent én the type of organolite, lithology
’and the diagenesis of the rock. In carbonate and argillaceous
rocks the organolite grain boundaries'are more oOr 1éss regular.
In the sandstones the boundaries are generally irregular aﬁd
follow the grain boundaries of the surrounding framework
grains (Plate 42 , Fig. 4 ). Gelite and gelitextite
organolites, such as collinite, xylofelinite and}telinite are
found to be the least capable of preservation of their original
grain boundaries. Fusinite debris usually preserves its

. original grain boundaries.

b.2 Replacement of the orgaholite by mineral matter:

Partial replacement of the organolite debris by
authigenic minerals has been recognised in many of the rocks
studied. Pyrite and siderite are the main minerals seen to

replace the organolites.
b.2.1 Replacement of the organolites by siderite:

‘Replacement of organolite by siderite has been

recognised in the sandstone where severe sideritisation has
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taken place. Plate. 43 , Figs. 1-3 show the various stages

of ;eplacement of collinite debris by authigenic siderite.
Siderite usually starts to replace the organolite along grain
boundarigs, fractures and cavities. Corrosion texturé has been
displayed in collinite fragments in the early stages of the
‘siderite replacement. Severe sideritisation of collinite

debris has resulted in the formation of siderite pseudombrphs

after collinite with relict patches of collinite.
b.2.2 Replacement of organolite by pyrite:

Authigenic pyrite is frequently present in most of
the biomicrites ana the argillaceous rocks and in some sand-
stones., It is present in three forms, namely, framboidal,
euhedral and subhedral crystalline aggregates; and in massi#e
“habit., Replacement of organolites by pyrite is present as
fine~-grained framboids diSPersedvin the collinite fragments
_(Plate 43, Figure 5) . Pyrite framboids surrounding
and replacing collinite of fossilised rootlets in underclays

have been observed (Plate 43 , Fig. 4 ).

b.3 Mineral matter as infillings in the organolites

Authigenic as well as detrital mineral matter is
commonly present-as infillings of cavities and fractures of

some organolite fragments. Among the authigenic minerals are
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 MODES OF OCCURRENCE OF THE ORGANOLITES

- (Plates 40 - 41)

PLATE 40

Fig. 1 | Organolite fragments concentrated in bands in
a Coal Measures Sandstone. GCata Collinite (Cc),
telinite (T), fusinite (F). Sample 249.

Fig. 2 Organolite debris scattered in a siltstone.
Coal Measures .Siltstone. Sample 356.

Fig. 3 Algal mats (?) preserved as Collinite (arrow)
in a Coal Measures Siltstone. Sample 247.

Fig. 4 Organolite debris scattered in biomicrite.
Sample 655.

Fig. 5  Organolite fragments in pyrite-rich shale.

Pyrite (P), organolite (0). Sample 185.
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PLATE 41
Fig. 1 Concentration of the organolite fragment on a
stylolite seam (arrow). Biomicrite. Sample 633.
Fig. 2 Organolite fragments floating in the matrix
of a biomicrite. Sample 659.
Fig. 3 Organolite debris in Coal Measures Sandstone.

Sample 1002.
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FABRICS OF THE ORGANOLITES

(Plates 42 - 43)

PLATE 42

Fig. 1 Crushed pyrofusinite fragment in sandstone.
Coal Measures Sandstone. Sample 388-6.

Fig. 2 Collapsed pyrofusinite tissue. Note the

pyrofusinite fragment squeezed between the
quartz grains. Coal Measures Sandstone.

Sample 719,

Fig. 3 Partially collapsed pyrofusinite tissue.

Coal Measures Shale. Sample 131.

Fig. &4 Irregular grain boundaries of collinite debris
in sandstone. Coal Measures Sandstone. Sample

719.

Fig. 5 Fractured collinite fragment. Note spalled-off
slivers of collinite, and pyrite framboids (P)

in the collinite. Biomicrite. Sample 633.

Fig. 6 Fractured collinite fragment. Note fractures
filled with an authigenic mineral. Coal

Measures Sandstone. Sample 760.
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PLATE 43

Figs. 1, 2 & 3 Slow progressive replacement of a
collinite (C) fragment by authigenic siderite
(S). Coal Measures sideritized sandstone.
Sample 733,

Fig. 4 Framboidal pyrite (P) surrounded and replacing
a collinitized rootlet. Coal Measures Under-
clay. Sample 907.

Fig. 5 Pyrite partially replacing a collinite

fragment. DBiomicrite. Sample 633.
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- pyrite, siderite, quarfz and calcite. Massive'pyrite is

' commonly presept as infilling of cellﬁlar cavities of textite
fragments (Plate 36 , Fig. 4 ), and some fractureé in
collinite'debris.- In carbonate rocks, calcité is the main
infilling mineral of cavities and.fractures'of the organolite
fragments. Pores and fractures in the organolite fragments
occur in éandstones and in some argillaceous rocks, are
commonly filled with siderite. In some cases the force of
crystallisation of:the infilling minerals results in the
destruction of the original.fabric of the organolite fragments

(Plate 39 , Fig. 5).

REFLECTIVITY MEASUREMENTS

General Statement

Reflectivity is the primary qﬁaﬁtitative parameter
employed by coal petroiogists to measure change of properties
and to assess rank in the different coal constituents‘or
macerals. Recently, reflectivity measurements of the organic
matter in the'sedimentary rocks have been applied by the 0il
geologists to determine the grades of incipient metamorphism,
and therefore the occurrence of oil and gas. In the present .
study, reflectivity technique has been applied to distinguish
the grades of incipient‘metamorphism in the carboniferous

rocks of the South Wales Coalfield.
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Effects of temperature and pressure on
the reflectivity of organic matter:

Experimental WOrk dohe by many coal petrologists
has shown that the. reflectivity of tbercoaly matter, éspecially
that of vitrinite, increases with increase iﬁ the temperature
of carbonization (Chaﬁdra, 1965; Ghosh, 1968 ‘' Marshall and
Murchison, 1971; and Goodarzi and Murchisdn, 1972). Fig. 8.2
shows the relationship between the temperature of éarbonization

and the reflectivity of vitrinite.

Shapiro and Gray (1966) have examined the reflectaﬁce
and other properties of é set of coal samples from Antarctica
which were taken from strata approximatelf 1000 ft. thick
underlying a thick diabése sill. The maximum oil reflectaﬁce
falls from the ﬁighest value of 11.5% 52 ft. below the sill,
'to 2.8%, 1167 ft. below the sill. Chatterjee, Chandra and |
Ghosh (1964) concluded that the reflectance of the Poniati Seam,
" intruded by a meta-peridotite dyke, indicated a temperature of
600°C at the dyke-coal contact. This conclusion is based on
comparison of the reflectance pattern from the intruded coals

with that of laboratory carbonised coal.

Temperatures as high as 900°C close to the coal-dyke
contact were estimated by Kisch (1966) from reflectance deter-

minations on thermally metamorphosed semi-anthracitic vitrinite.
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In another Australian example, in whigh a porphyrite was
intruded into a medium-volatile bituminous coal, temperatures
below 760°C were indicated from their reflectance (Kisch and

Taylor, 1966).

Chandra (1965) studied the combined effect of
temperature and;pressure on a single coal. When the coal was
heated at 325°¢ or 350°C under pressure up to 6000 atmdspheres,
-reflectance increased and continued to do so with time. Chandra
suggested that pressure was responsible for the rise. Pressure
could modify the temperaturé level at whiﬁh the reflectance
increase took place and possibly its rate of change, but it
_ does not seem likely that pressure alone could cause the
reflectance rise, although it could have contributed to the
development of anisotropy which was obsérved at the higher

temperature.

This view is supported by the results of Hryckowian,
Dutcher and Dachille (1967) who heated anﬁhracites in the
temperature range 400 to 900°C at pressure up fo 20,000 1b./-
inz. They shoﬁed that pressure-alone produced little change
in reflectance, and also demonstrated that rise of temperature
caused an increase in reflectance which was greatest in the
temperature range where there was a maximum evaluation of

volatiles.
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Response of the various types of organolltes
to reflect1v1ty variations:

The various types of organolite are not equally
sensitive to the same biochemical and physical conditioms,
e.g. exine extinction is different from that of tissues
(Alpern, 1970). Fig. 8.3 shows the variation of sensitivity
of the different organolite groups to carbonization. It ié
clear that vitrinite is the most sensitive mineral to the
carbonization. For this reason, it has.been recommended by
many authors that vitrinite is the most suitable organolite

type for reflectivity measurements,

Brown, Cook and Taylor (1964) have classified the
vitrinite of a wide range of coals into two types, namely,
vitrinite (A), and vitrinite (B). Vitrinite (A) has a higher
reflectance and lower volatile content than vitrinite (B).
They concluded that carbonization behaviour of coals could be

correlated more precisely with the reflectance of vitrinite (A).

Recently, Benedict et al. (1968) have indicated that
a poorly réactive fraction of what is recognised as vitrinite
should be referred to as “pseudovitriﬁite". They suggested
that pseudovitrinite is a separate maceral which can be
distinguished from the remainder of the vitrinite in the coal
on the basis of several‘characteristics; including a higher

reflectance in oil.
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Cryptotelinite in the studied samples is correlated
, with vitrinite (A) of Brown et al. (1964). Therefore it has

been used for the reflectivity measurements.

Reflectivity variation:

(a) In the Carboniferous Limestone rocks:

Reflectivity measurements of vitrinite in the

- Carboniferous Limestone rocks are given in Table 8.5.

It was found that-the-maximum reflectivity in oil . of
the vitrinite in the Carboniferous Limestone rocks varies from
1.69% to 4.81%. The lowest reflectivity value haé beeﬁ
determined in rocks from ﬁhe Forest of Dean while thelhighest
value has been attained in rocks from the Torcoed area in the

western end of the South Wales Coalfield.

Fig. 8.4 shows the variation in the vitrinite reflec-
tivity % in oil in tﬁe Carboniferous Limestone rocks. Almost
regular increase in the reflectivify values going from the
Forest of Dean toward the western end of the South Wales
Coalfield can be seen. The reflectivity values in rocks from
the Merthyr Tydfil area were found to be'higher than expected.
This may be due to the effect of the Neath disturbance which
might increase the grade of metamorphism of the rocks in this

area.
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CARBONIFEROUS LIMESTONES
. Sample| .. Av. R.{ No. of [Av. R.| No. of |
Locality No. | Litholoey .. o readings|oil % | readings
Gower 614 | Biomicrite [L1.79 6 - 3.09 5
' 622 Biomicrite [11.22 7 2,26 6
_ 615 Biomicrite [L1.30 5 3.81 5
Torcoed - 669 Biosparite [12.84 5 . 3.81 3
Cilwen 655 Biomicrite [10.17 4 2.31 4
659 Biomicrite [L1.54 3 2,10 5
Llanybei 664 Shale 1.23 4 2.12 3
Merthyr 105 | Biomicrite | 8.07 5 2.74 4
Ystrad BY65 Dolemicrite} 8.66 4 1.85 3
BY37 Biomicrite | 8.64 3 2,17 3
Tongwynlais| A9 Dolomicrite| 8,70 5 1.92 4
Cc02 Biomicrite | 8.64 4 - 1.84 4
Forest of | 1069 | Calc.Shale | 8.66 5 1.69 6
Dean
TABLE 8.6 - REFLECTIVITY OF VITRINITE GRAINS IN THE.
: MILLSTONE GRIT ROCKS
. Sample . A\v. R.| No. of }JAv. R No. of
Locality No. Lithology pir 7 | readingsfoil % | readings
Glynneath 81 Clayey 9.09 4 2,68 6
' Siltstone|
88 Shale 9.81 5 1.69 5
84 Quartz 8.95 4 2.00 4
_ Wackestone
90 Litharenite| 7.74 1.75 5
Gower 623 Shale 9.07 4 1.54
Kidwelly 661 | Shale 9.38 | 4 2.65
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(b) In the Millstone Grit rocks:

Refleﬁtivity has been measured in Millstone Grit
rocks collected from three localities, namely, Giynneath,
Gower and Kidwelly, Tablé8.6.v The‘average of the maximum
reflectivity in oil were found to.be 2.08%, 1.54% and 2.65%
respectively. The trend of increase in reflectivity from
east to west and from south to morth of the coalfield can be

noticed.

(c) In the Coal Measures rocks:

Reflectivity of vitrinite grains has been measured
in Coal Measures rock samples collected from different local-
ities and at wvarious depths. Results are given in Table 8.7.
At each localiﬁy, the average of the reflectivity in oil
values has been calculated and they were plotted on a map.

An isoreflectivity map has been produced by contouring these

values, Fig. 8.5. It has been concluded that vitrinite grains

in the samples studied range in reflectivity from 1.06% (at
the eastern border of the coalfield) to 3.08% (at the north-
west border of the coalfield). It was found also that

reflectivity progressively increases westwards.

On the contrary, no regular variation in the
reflectivity values was noticed in relation to the depth of

burial.

PR W Yo, T Y
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TABLE 8.7 REFLECTIVITY OF VITRINITE GRAINS IN THE
COAL MEASURES ROCKS

' . Samplef . . Av. R| No. of | Av. R | No. of

Locality No. Lithology air % | readings| o0il % | readings
Brynammgn | 829 |Sandstome 9.81 3 2.46 2
826 .}Sandstone 8.51 3 2,44 3
911 Sandstone 11.80 4 - 3.08 3
Rhydy- 870 |Quartzarenite| 8.63 7 2.75 5
meardy 871 |Seatearth 10.82 8 3.02 5
907 |[Claystone 9.38 7 2,77 4
Ammanford | 719 |Wackestone 9.23 8 2.31 7
Treforgan | 760 |Seatearth 7.20 8 2.84 6
756 |Seatearth 7.19 7 2,00 7
Bleanant 728 . |Litharenite 7.21 4 1.54 3
733 |Sandstone 10.68 6 3.06 4
731 |Claystomne 7.20 7 2,55 7
Morlias 746 | Claystone 10.10 8 2,77 7
745 Litharenite 10.42 4 2.89 4
Abernant 706 Seatearth’ 8.62 8 2.55 5
Mardy 356 |Siltstomne 8.66 6 2,30 6
360 |Siltstome - 9.22 6 2,70 5
306 |Litharenite | 7.76 4 1,38 3
Marine 131 |Claystomne 7.21 | 9 1.40 7
Bedwas 249 Sandstormne 5.77 10 1.07 7
235 |Sandstone 6.92 9 1,15 8

Silty
247 Claystone 7.93 11 1.07 8
Penallta 185 [Mudstomne 8.37 8 1.70 6
Penrikyber| 116 |Shale 7.67 8 2.03 7
Abercynon { 170 Sandstone 7.56 8 1,23 6
Six Bells | ;53 |Silty 5:77 7 0.92 7
Claystomne
151 |Sandstomne 7.56 6 1.03 5
143 {Shale 8.22 8 1.54 8
141 |Sandstone 8.66 4 1.50 4
Forest of | 1005 |Claystomne 7.21 7 1.08 6-
Dean | 1037 |{Litharenite 5.76 8 0.77 5
' Quartz

1022 Wackes tone 7.13 3 1.07 3
Parkship 2943 |Claystone 7.21 7 1.06 5
Pentrych [388-6 |Sandstomne 7.30 5 1.23 5
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In Fig. 8.6 the.vitrinite reflectivity % in air and
in oil has been plotted against the fixed carbon 7% in the
associate& coal seams; It can be noticed that the reflecﬁivity
% increases with increase in the fixed carbon %, i.e. with

increase in the grade of metamorphism.
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C. EXAMINATION OF ORGANIC MATTER IN TRANSMITTED LIGHT

GENERAL STATEMENT

Pollen grains and spores in coals from different
ranks studied undér tﬁe miscoscope in transmitted light after
maceration or in thin'sections, gradually changes in colour
from yellow to light brown to dark brown-black. Changes in
colour of pollen grains and spores from other sedimentary
rocks, such as shales, sandstones, etc. are similar. The
term carbonization has been used by Gutjahr (1966) té denote
this alteration process. The -chief interest and importance of
carbonization investigation of pqllen grains and.spores is
thaf the carbonization measurements can be uéed as indices of

the level of incipient metamorphism of the organic matter.

Stadinchenko (1931) studied the effect of temperature
on fossil organic matter as well-as on orgaﬁ?c matter in Recent
deposits. She found that when heat is graduélly applied to
thin sections of these sediments, tﬁey first change in
colour, slbwly turning creamy yellow, then golden yellow and
orange. Fusion takes place at 380-390°C and the substance
volatilises at about 425-430°C. She'concluded also that
carbonization of the plant substances results in raising the
temperatures of fusion and volatilization and in change in

optical characteristics from isotropic to anisotropic.
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Wilson (1961) found a close relation bét&een the
coal rank and the degree of carﬁonization of_sporeé and pollen
grains in the Arkoma Basin of Oklahoma. In high-volatilé
coals.(SO to 60% fixed carbon) spores.are yeliow to dark
brown, while those in medium-volatile coals (60-70% fixed

carbon) are dark brown to black.

Gutjahr (1966) found measurable effects on light
transmission of Recent Quercus Robur pollen grains heated at
100°C for a week, drastic carbonization changes were observed

at higher temperatures (viz. 150°C and ZOOOC).

Staplin (1969) studied the metamorphism of the
organic matter with relation to_oil and gas occurrence in
.British Columbia, Canada. ' He used mainly the colour of the
insoluble organic matter as an indicator for the degree of
metamorphism and therefore the variation in the nature of the

associated hydrocarbons.

Correia (1971) studied the effects of depth of
burial and therefore temperature, on the degree of preservation
of'the spores and pollen grains as wgll as the other organic
remains in some sedimentary basins in France, Africa and
South America. He found that the degree of preservation
(represented by the translucency) of the organic matter

decreases with increase in the depth'of burial.
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In the present study, the degree of carbonization
of spores and pollen grains was used to determine the grades
of incipient metamorphism of the carboniferous rocks in the

South Waleé Coalfield.

METHODS OF STUDY
1. Samgles:

116 samples have been chosen for the study. They
are distributed in the following order: 16 samples from the
Carboniferous Limestone; 6 samples from the Millstone Grit;

and 90 samples from the Coal Measures.

2. Sample preparation:

The procedure used for separation of the organic
matter from the rocks has been recommended by Dr. M. Muir

(personal communication).

(a) A fresh lump of the rock of about 2 cu. cm. was

crushed to about 1 mm. grain size.

(b) Carbonate rock samples were treated with 10% HC1
until almost all of the carbonate mineral matter had
been dissolved. in some of the terrigenous rocks which
contain considerable amounts of diagenetic siderite; the

crushed sample was soaked in warm 20% HCl for about six



(c)

(d)

(e)

(£)
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hours with continuous stirring.

Samples, both treated with HCl and untreated, were

washed very thoroughly in distilled water three times.

Samples were then washed in several liquids to
make the sample pass from pure distilled water washed

to pure acetone washed. These liquids are:

i) Acetone 25% + water 75%.

ii) Acetone 50% + water 50%.

| iii) Acetone 75% + water 25%.

iv) Pure acetone.

2.2 sp. gr. heavy liquid (667% bromoform + 347%
acetone) was used for the separation of the organic matter
from the mineral matter. The heavy liquid was added to
the acetone-washed sample, then shaken well and centrifuged.

The heavy liquid with the light fraction, which is the

-organic matter, was filtered through a fine filter(2-4W size)

using a vacuum pump. The mineral matter is discarded.

The filtrate (organic matter) was washed twice in
acetone. Then it was washed again in the various mixtures
of acetone and distilled water to pass from acetone-washed

to pure distilled water-washed.
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(g) - The organic matter was then mounted on a glass -
slide using glycerin gel as a permanent mount media.

Three slides are prepared for each sample.

MEASUREMENT OF THE DEGREE OF CARBONIZATION

Organic pérticles show metamorphic evolution by
becoming pfogressively more opaque»and the colour darkens,
passing from transparent yellow to orange red, reddish-brown
and finallf to black. This colourimetric evolution is progr-
essive;‘but manifests itself differently on various parts of

individual microfossils of organic debris (Correia, 1971).

" In order to determine the level of organic metamorhpism,

two methods have been developed:

(a) The simplest and fastest of the two methods to
‘measure the degree of carbonization of pollen grains and
spores is the subjective evolution of tﬁe coloﬁr of the
" spores and pollen grains by théir appearance unaer the

microscope in transmitted light.

(b) Colour changes of pollen grains and spores with
increasing incipient metamorphism are accompanied by a
decrease of translucency to final 0pacity as observed
with transmitted light. As a result of this observation,

Gutjahr (1966) has designed a method of measuring the
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- translucency of pollen grains and spores using a photo-

electric cell.

In the present study the first method has been
used. A numerical representation has been suggested to transfer
the colour observed into number (carbonization index). The

carbonization indices used are as follows:

Carbonization Index Colour

Yellow
Orange
Golden Brown
Chocolate Brown
Dark Brown
Black

2 NE SR A

The results of the carbonization measurements of

all the samples studied are tabulated in Table 8.8.
RESULTS

Fig. 8.7 shows the isocarbonization map of spores
and.pollen grains in the Coal Measures rocks of South Wales. -
The carbonization indices vary from 2'in the east and the
south to 6 at the north-western end of the South Wales Coalfield.
It was found that the degree of carbonization of the spores and
pollen grains is progressively increasing in a regular pattern

westwards. By comparing the isocarbonization contours with
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TABLE 8.8 DEGREE OF CARBONIZATION OF SPORES AND POLLEN GRAINS

'

Sample Carbonization Sample} . . . Carbonization Sample ﬁrbonizati
Locality No. Lithology Index Locality No. Lithology Index Locality No. Lithology - Index
b 1
(A)  CARBONIFEROUS LIMESTONE (8) [COAL MEASURES
Gawer 616°' Underclay 5 Forest of 1005 | Claystone | 2-3 Bleangwr~ |189 Shale [
606 Biomicrite 2 Dean 1038 | Undexclay 2-3 ach 199 Underclay 5«6
622 Biomicrite 2 - 1001 | Claystone 3 . . 201 Shale 5-6
:29 Biosparxite .2 1002 Quartz::zl:‘:- 2 Treforgan |759 Mudstone 6
Torcoed 4 | Shale 2 ’ 756 Underclay 6
667 Biomicrite 3 1037 | Litharenite 2 760 Underclay 6’
Cilwrchen | 655 | Biomicrite 3 Park Slip |2433-10 Underclay 3 Bleanant |727 | Shale 6
PO . 1479-12| Mudstone 2
.| 659 Biomicrite 3 731 Shale [
1480-4 | Underclay 3
654 Shale 3 724 Underclay 6
’ 1479=5 | Shale 2 722 Quartzarenite 6
Ystrad » BYS52 Biomicrite 3 Pentrych .| 420-4 |Mudstone 2-3 vorlias |74 Underclay 6
Brymnawr BY37 Biomicrite 3 40-3 | Sandstone 2-3 - nderclay
.BY32 | ' Biosparite 2 388-2 | Siltstone 2 . Brynwilll {716 Underclay 6
BY24 Dolomite 2 Sixbells’ 143 | Mudstone 3 716 Litharenite 6
|Tongwynlais | A9 . Dolomicrite 2 ) 153 | Underclay 3 Abernant 708 Claystone 6
M7 Oosparite 2 Bedwas 250 |Mudstone 3 Cumgorse 258 Sandstone [
Ruthin co2 Micrite 3 241 |Mudstone 3 Br n |783 Mudstone P
242 |Mudstone 3-4 Y '
BO3 Biomicrite 3 . 777 Underclay 6
243 | Sandstone 4 290 Undercla 6
Forest of . | 1030 | Quartzarenite 2 247 |Siltstone 2-3 ‘ 865 | Un dg:clay 6 -
Dean 1013 | Biosparite 2 249 - | Sandstone 4 817 | wmud Y p
1041 | Shale 2 stone :
, Marine 131 }Underclay 3 912 Mudstone 6
(3) MILLSTONE GRIT L 120 |Mudstone ;i-lo 803 Shale 6
T erat. . Coegnant 216 |Mudstome 4 14 Shale 6
Gower 614 Shale 3 2 221 | Mudstone 4 1829 | Litharenite 5-6
623 Shale 3 . . 834 Litharenite 6
Glynneath g8 | shale 3 Faldna %g; }J:l,g: t;zr;:y : Z 825 Claystone 6
81 Siltstone 3 ' 231 |Underclay . 4 Ammanford 720 Shale [
' Penallta . | 188 |Shale 4 Pantyffnon 268 | Sandstone .8
] ) ) ~’\ 186 |Underclay L b . ne
181 }Siltstone 4 Rhydymeardy|871 | Underclay 5
Abercynon 171 |Mudstone 4 857 Mudstone 6
) 420 |Underclay 4 874 Mudstone 6
' 907 Mudstone [
Penrikyber 116 |Shale : 5 . .
. . 113 |Underclay . 302 Mudstone 6
Mardy 308 |Underclay 6 - '
356 (Underclay 6
353 |Mudstone 6
313 |Siltstone 6

- 65y =
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the isovol contours of the South Wales coalfield, it was

found that they are almost parallel to each othér{

In the Carboniferous Limestone rocks it was found
that the variation-in the degree of carbonization of the
spores and pdllen gréins is very limited. Thelcarbonization
‘indices fange from 2 to 3. By comparing the.degree of
carbonization of spores and pollen grains in the terrigenous
rocks of the Coal Measures with those in the carbonate rocks
from the same metamorphic zone (anthracite zone), it has been
noticed that they respond differently to the metamorphism.

This observation indicates the effect of lithology on the

metamorphic evolution of the organic matter.

In Fig. 8.8 the carbonization indices of the spores
~and pollen grains in the Coal Measures rocks are plotted
against the fixed carbon % in the associated coal seams. It
can be seen that the degree of carbonization of spores and
pollen grains is progressively increasing with increase in the -

fixed carbon % of the associated coal seams.
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DISCUSSTON AND CONCLUSIONS

DIAGENESIS AND INCIPIENT METAMORPHISM .

One of the most problematic subjects facing both
sedimentary and metamorphic petrologists is the definition
of the transitional stage between diagenesis and true
regional metamorphism. Broadly defined, diagénésis includes
all those changes that occur in the sediment and rqck up to
the time that metamorphism commences. The point at which
metamorphism can be said to start is somewhat vague.
Sujowski (1958) has defined the term diagenesis to include all
those processes which turn a fresh sediment into é stable rock
of some hardness uﬁder conditions of pressure and temperature
not widely removed from those existing on the earth's surface.
On the.other hand, Pettijohn et al. (1972) have defined
‘diagenesis to include all those processes, chemical and
physical, which affect the sediment after deposition and up

to the lowest grade of metamorphism (the green schist facies).

The stage between diagenesis and the green schist
metamorphic-facies has been studied in the terrigenous rocks
by many geologists and clay mineralogists, and many names
have been given to this stage. Lands (1967) has termed this
the stage of cometamorphism. The Russian geologists have

studied this stage in detail in the terrigenous rock, and
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their work was mainly based on the clay mineral modifications.
Logviﬁenko (1957) has used the térms-eipgenesis and meta-
genesis, and Koplan -(1971) has ﬁsed the term catagenesié.
to indicate this stage. French.geologists usually use the
term anchiometamorphism (Kubler, 1964), while American
geologists use the term burial metamorphismA(Burst, 1959).
Brown (1972) has studied the post-diagenetic modification

in the carbonate rocks, and he used the term incipient meta-

morphism for these modificatioms.

In the present study incipient metamorphism is
defined to include all those processes affecting both organic
and inorganic rock constituents, between diagenesis and

low-grade regional metamorphism‘(green schist facies).
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DIAGENESIS OF THE CARBONATE ROCKS

Carbonate rocks forming most of the Carboniferous
Limestone Series are represented by five.main lithotypeé,
namely; micrités, biomicrites, bioéparites, oolitic lime-
stones and dolomites. Four diagénetic processes are respons-
ible for the ﬁodifiéations of the carbonate sediments, namely;

biological,'physical, physio-éhemical and chemical processes.

Biological processes, represented by micritization,
algal borings and algal encrustation, have played an important
role in the modifications of the original fabric and the
textural parameters of most of the skeletal debris. Algal
boriﬁgs have severely affected some skeletal debris, resulting
in their bio-fragmentation, while algal encrustations are
respoﬁsible for coarsening of other skeletal debris. Omne of
the most significant effects of the skeletal debris micritiz-
ation is the replacement of their original fabrics (momno-
crystalline fabric of the echinoderm fragmentS, fibrous
calcite and aragonite fabric of the bivalvia, etc.) by

crypto-crystalline micrite.

Physiochemical processes are represented by the
replacement of aragonite by calcite. Comparing the studied
Carbonate rocks with their analogous Recent Sediments, it has

been suggested that aragonite and high-Mg calcite which once
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formed the skeletal debris of some malluscans, oolites and

part of the micrite matrix, have been completely replaced

by low-Mg calcite. Two processes were suggested for the
replacement of aragonite by low-Mg calcite; these are:

(a) dissolution of the unstable aragonite and precipitatiOn'

of the stable low-Mg calcite in the resulting cavities; and

(b) in situ inversioh of aragonite to calcite in most of the
studied rocks. .Inversién of aragoﬁite to calcite in the studied
rocks took place in the very early stagé of diagenesis,
approximately after the modification by the biological

. processes and before cementation,'

Physical processes represented by compaction?
mechanical deformation and pressure solution have affected
the sediments at various stages in their diagenetic history.
Compaction of some of the biomicrite sediments has modified
the original shape of the allochems (especially pellets and
oolites). In micrites compaction is responsible for the’
development of vugs and cavities. 'Compaction has affected
the sediments in the early stage of diagenesis, before

cementation has taken place.

Two stages of mechanical deformation have been
noticed, namely: early diagenetic and late diagenetic.
Early diagenetic mechanical deformation has taken place

while the allochems were physicaliy unstable under the
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pressure exerted by the overburdemn. This process is
responsible fo?'spalling-off of the oﬁLer shells of some
oolites, collapsing of some micrite envelopes and the
developments of crumbly fractures. It is suggesﬁed that

this process affected the sedimen;s after the dissolution of
aragonite and before the complete cementation. Late diagenetic
deformation has affected the sediments after they have been
completely cemeﬁted and‘lithified. This process hag led to

‘the development of a large scale fractuies which could be

related to tectonism.

The Pressure Solution process has affected'roéks
at two stages. Eérly diagenetic pressure solution has taken
place during the compaction and resulted in the development
of stylotitic grain contacts. Late diagenetic pressure
solution has affected the rocks after their complete
cementation, and is responsible for the development of

stylolites.

Chemical processes have played the most important
role in the lithification and the modification of the
carbonate lithotypes, and they are represented by cementation,

dolomitization, dedolomitization and silicification.

Cementation is the most significant diagenetic

modification affecting almost all of the carbonate lithotypes.
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It is responsible for the lithification and destruction of
the original porosity of the sediménts. Non-ferroan calcite,
ferroan calcite and dolomite are the main minerals-formiﬁg
the cement. Non—fefroan calcite is the most common cement
mineral, especially in the early stages of cementation. It
is suggested that the Carbonate material fbfming the cement
has been derived from the followiﬁg sources; (a) the
Carboniferous sea water, (b) the excess calcium carbonate
released during the inversion of aragonite to low-Mg calcite,
(¢) calcium carbonates released during the early and late

diagenetic stylolitization.

Four main fabric types.héve been identified among
the calcite cement, namely; (a) fibrous drusy calcite, (b)
radiaxial fibrous mosaic calcite, (¢) equicrystalline mosaic
cement, and (d) rim cement or'syntaxial calcite overgrowths.
It was found that two main factors have cont;olled the fabric
of the cement, namely; (a) the nature of the place on which
the éement has been precipitated, i.e. fracture, vug, mould,
intergranular pores, etc;, and (b) the nature of the substrata
on thch the cement has been precipitated, i.e. monocryétalline,
polycrystalline, etc. Cementation has developed in the early
stages of diagenesis and continued up to the late stages after
the dolomitization and the tectonic deformation. Four stages

of cementation have been recognised. Variations in the .fabric
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and the mineralogy of the cement have been mnoticed in

shifting from a certain stage to another.

Dolémitization has greatly modified both,the
composition and the textures of the limestone lithotypes,
and it is very prominent in the eastern and south-eastern.
outcrops. Two stages of dolomitization have been recognised,
namely; syndiagenetic and anadiagenetic. Syndiagenetic
dolomitization has affected the sediments in the very early
stage of diagenesis;just after the sedimentation.. In this
stage.dolomicrite has been deveioped by the interaction betwegn‘
the freshly deposited aragonite or calcite micrite and the
dense brine flow downward from the supratidal zomne into.the
main water mass. Anadiagehetic dolomitization has taken place
through a long period starting at the early stages of diagenesis
affer the first stage of cementation and continued even after
thé complete ceﬁentation of the rocks. This type of
dolomite has been developed as a result of the interaction

between the supersaturated pore solutions and the allochems.

All of the stages of the anadiagenetic dolomitization
from the incipiently dolomitized limestone to completely
dolomitized limestones, have been recogniéed. Anadiagenetic
dolomite is usually coarée—grained and zoned. In the part-
ially dolomitized limestones, dolomite is generally preferent-

ially replacing micrite matrix and the micrite bodies (pellets,
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oolites and the micrite envelobes). The source of magnesium
needed fér the dolomitization has been suggested to be: (a)
the hypersaline solution developed by the evaporation of'thé
Carboniferous sea water in the supratidal areas; (B)
magnesium released during the inversion of high-Mg calcite

to low-Mg calcite; (c) magnesium could be derived from the
clay minerals, present as dissemihated.grains in the lime-
stones or as shale beds intercalated with the limestones;'
Two processes have been suggested for the derivation of
magnesium from the clay minerals, namely; by ion éxchange, and

by direct reaction of the calcite with the clay minerals.

' Silicification has played a limited role in the
modification of the limestone lithotypes. It is most prominent
in the Lower Limestone Shale group and the lower part of
the Main Limestone group. Silicification is represented by
beekitized crinoidal debris, developments of secondary over-
growths on the oolite quartz nuclei, and by éompletely
silicified biomicrite and calcarenite bands. It is suggested
that silicification has taken place after the first stage of
cementation. Two sources of silica needed for silicification
of the rocks studied have been éuggested, namely; (a) silica
leached from the clay minerals, énd (b) silica held by some

algae.
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The fole played by dedolomitization in the modif-
ication of the studied rocks is very limited.' On the basis of
the petrography and field relations three stages of dedqlomit-
ization have been'recognised, namely; (a) an early diagenetic
dedolomitization affecfing the partially dolomitized biomicrités
after they have been silicified, (b) epidiagenetic dedoiom—
itization whigh has.affected some’of the dolomitized limestone
durihg the time they have been exposed in.Carboniﬁerous times,
(c) dedolomitization which has affected dolomites and dolomitized
limestone by the action of solution on their exposed surfaces
in the recent times. The first two stages of dedolomitization{
(a) and (b), have been termed fossil dedolomitizationn and the

last stage,(c), Reéent dedolomitization.

It has been néticed that dedolomitization is prefer-
entially affecting ferroan dolomite., Dolomite fabrics are
generally preserved after dedolomitization.' Replacement of
dolomite by calcite is most probably took pléce by an exchange
of calcium for magnesium from the Ca;rich surface water in
the case of the surface dedolomitization or from the calcium
released during the silicification of the dolomitized bio-
micrite in the case of the early diagénetic dedolomitization.
This in part agrees with Al-Hashimi and Hemmingway (1973)
suggestion on the mechanism of dedolomitization of the

Northumberland Carboniferous rocks.
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From-the detailed study of the diagenesis of the
various lithot&pes of the-Carboniferoué Limestone group, it was
found that the diagenetic history and the diagénetié modific-.
ations were controlled mainly by th§ original teﬁture and
composition of the sediments as well as by the physiochemical
conditions of the diagenetié environments. It was found also
that the final result of thé diagenesis of the Carboniferous
limestones is the compléte destruction of their original
porosity and partiai destruction of their secondary porosity'

(porosity developed by dolomitization).

Fig. 9.1 shows the time relationship of the various
diagenetic processes which affected the Carboniferous Lime-

stones.
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DIAGENESIS OF THE TERRIGENOUS ROCKS

‘Terrigenous rocks form the whole sequence of the
Millstone Grit and the Coal Measures Series, and partly the
Carboniférous Limeétone Series. The& are represented mainly
by three sandstone lifhotypes (quartzarenites, lithic
arenites and éuartz wackes), two siltstone lithotypes (quart-
zitic siltstone and clayey siltstone), and three argillaceous

lithotypes (shale, mudstone and claystone.

Three main diagenetic processes are responsible for
the textural and composition modifications of the rocks,

namely; physical, physiochemical and chemical.

_ Physigal processes have played an important role in
-the fabric modification of the framework grains of most of
the siltstones and sandstones lithotypes. Grain fracturing
and crushing, grain bending and grain squeezing are the most
Jimportaﬁt modifications. Grain fracturing and crushing are
usually displayed by the quartz and feldspar grains in the
coarse-grained sandstones. Mica flakes in most of the
siltstone and sandstone lithotypes are commonly bent between
the rigid framework grains. In the quartzarenites and the
quartzitic siltstones,‘mica flakes have frequently been

squeezed between the quartz grains to form a lump of minute

mica shreds filling the pore spaces. In the lithic arenites,
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the argillaceous rock fragments have been squeezed between
the other rigid framework grains and they form a clayey

pseudomatrix.

Pressure solution process has been effective in
most of the lithic arenites and wackestones, while it is

)

insignificant in quartzarenites and quartzitic siltstomes.

Chemical processes have greatly modified»the fabric
and the composition of most of the terrigenous lithotypes..
The following are the processes affecting the studied rocks;
(a) precipitation of pore-filling minerals, (b) mineral

replacement, and (c) chemical alteratiom. .

Precipitation of pore-filling minerals process has
played a significant role in the lithification of most of the
siltstone and sandstone lithotypes, particularly quartzarenites
and quartzitic siltstones. Quartz, dolomite, siderite and
"kaolinite are the main pore-filling minerals. Four types of
silica cement have been recognised, namely; quartz overgrowths,
microcrystalline quartz, spherulitic chalcedony and idiotopic
quartz. Quartz overgrowths are the most important cement,
especially in the quartzarenite and the quartzitic siltstones.
Dolomite is represented mainly by the ferroan variety and has
been recognised as pore-filling and fracture-filling cement
in most of the sandstone and siltstone lithotypes. In some

of the Coal Measures quartzarenites, it is present as the
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main cementing mineral. Siderite is present in most of the
studied lithotypes as partially filling some pore spaces.
Pore-filling kaolinite is commonly present as coarsely

crystalline vermicules frequently occurring in the quartz-

arenites and the quartzitic siltstones.

Mineral replacement process involves partial or
complete replacement of either framework grains or newly-
formed authigenic minerals. The active minerals recognised
in this processﬁare siderite, dolomite, microcrystalline
quartz, kaolinite and pyrite. éiderite as a replacement
mineral has played an important role in the diagenetic
modification of almost all of the Millstone Grit and the Coal
Measures lithotypes. In the argillaceous rocks, siderite
nodules and spherules have been developed as a result of
replacement of the clayey groundmass by the segregated
siderite. Siderite has partially replaced quartz grains,
mica flakes and lithic grains in the quartz wackes and lithic
arenites of the Coal Measures. Dolomite is most active as a
replacive mineral in the sandstones and siltstones. The
role played by microcrystalline quartz, kaolinite, pyfite

and francolite is very limited.

Besides the fact that precipitation of authigenic
minerals has modified the original rock composition, they

have also modified the fabric of the framework grains.
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Disruption and expansion of mica flakes by the force of
crystallization of siderite or dolomite has frequently been B
noticed. It was found also that the force of crystallization
of the dolémite or .siderite precipitgted in the pore spaces
of some quartzarenites, was responsible for the development

of an open packing framework, Y

Chemical alteration processes are responsible to a
great extent for the modification of the original mineralogy
of most of the Millstone Grit and the Coal Measures litho-
types. Kaolinitization and illitization of the micas and
the feldspars grains are frequently displayed in most of the
studied rocks. Limonitization of siderite.and ferroan

dolomite occasionally takes place,

From the discussion of the origin and the conditions
of formation of the authigenic minerals in the Millstone Grit
and the Coal Measures lithotypes, the following conclusions

have been reached:

(1)4 Authigenic quartz has been precipitated in the early
stage of diagenesis from acidic water. Two main types of
authigenic quartz have been developed, namely; quartz
overgrowths and miérocrystalline quartz. The former
has precipitated earlier than the latter. Silica needed

for the precipitation of the early diagenetic quartz
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overgrowths is most probébly derived from the silica
released-dufing the weathering of the detrital‘ﬁicas.
Silica precipitated in later stages of cementation could
be derived from two sources, namely; (a) from silica
released during the.transformation of the mica flakes

to clays, (b) silica released during the replacement of

the silicaceous mineral grains by dolomite or siderite.

Two stages of siderite precipitation have been
recognised, namely syndiagenetic and diagenetic. The
abundance of the syndiagenétic siderite in the argillac-
eous lithotypes is due to the fact that the physiochemical
conditions within the argillaceous se&iments could bé
firmly separated from the water body above the water/
sediment interface. This is assuming that the physio-
chemical conditions of the water body were not suitable

for the formation of the siderite. Diagenetic siderite

"has been precipitated at shallow depth of burial. Two

mechanisms are suggested for the development of this

siderite, namely, by displacement and by replacement.

Dolomite is frequently present in the siltstone
and sandstone lithotypes. The presence of ferroan
dolomite variety suggests that dolomite has been

precipitated in reducing diagenetic environment at
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-shallow depth of burial. Magnesium and iron necessary

for the formation of the ferroan dolomite are most
probably derived from the clay minerals forming the
matrix of some sandstones or forming the argillaceous

rock fragments in the lithic arenites.

Intercalations of pyrite-rich shales and siderite-
rich shales could be due to the fall-off in available
sulphates, which is itself a reflection of change in the

salinity of the enviromment of depositionm.

Kaolinite has been developed by two main processes,

namely; (a) by direct precipitation from supersaturated

~acidic pore solutions, and (b) by the kaolinitization of

the mica flakes.

Francolite is suggested to be formed by direct
precipitation from supersaturated pore solutions. The
phosphorous necessary for the formation of francolite

might be derived from the plant tissue remains.

The énd results of the diagenesis of the Millstone

Grit and the Coal Measures terrigenous lithotypes is the

destruction of their original porosity, either by the action

of physical processes (compaction and grain squeezing) or by

the precipitation of pore-filling cement or by the action of
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both processes together.

Fig. 9.2 shows the diagenetic processes that
affectea the Millstone Grit and the Coal Measures rocks and

the relative time relationship.



'FIG.9.2_DIAGENETIC PROCESSES AND RELATIVE TIME -
- . RELATIONSHIPS — TERRIGENOUS ROCKS
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CLAY MINERALOGY

Clay fractions separated from the carbonate litho-

types of the Carboniferous Limestone Series and from the

Millstone Grit and Coal Measures lithotypes have been studied

qualitatively and quantitatively by means of X-ray diffraction.

Regarding the distribution of the clay minerals in the wvarious

lithotypes of Carboniferous rocks, the following conclusions

have been reached.

(1)

(2)

In almost all of the studied lithotypes, it Qas
found that clay minerals are represented mainly by illite.
and illite-montmorillonite mixed layer and subordinate
amounts of kaolinite and chlorite. Trace amounts of

dickite and pyrophyllite have been detected.

In the carbonate rocks, clays are present in two
forms, nameiy; as very fine particles mixed with micrite,
and as coarsely-crystalline vermicules of kaolinite and
dickite filling cavities. Illite is the most frequent
clay mineral in all of the Carbonate lithotypes and is
present only in the 2M form. It averages 70% in micrite,
biomicrites and dolomicrites, 78% in biosparites and
oolitic limestones, and 84% in dolomite. Illite-

montmorillonite mixed layer is abundant in micritic rocks
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about (24%) more than in sparites and dolomites (about
12%). Kaolinite is commonly present in small amounts,
about 5% on average. Chlorite is usually present in

trace amounts in limestones, while it is completely

absent in dolomites.

In the terrigenous rocks of the Millstone Grit and
the Coal Méasures,.illite—montmorillonite mixed layer
clays are most abundant and illite is less frequent
comparea with clays in Fhe carbonate rocks. It was found
also that the distribution of kaolinite ﬁas been controlled
by the lithology of the terrigenous rocks. Quarézarenites
were found to be the lithotype richest in kaolinite. The.
abundance of kaolinite in the quartzarenites could be
attributed to two reasons, namely; (a) these rocks were
porous enough to allow the precipitation of a considerable
amount of authigenic kaolinite, (b) the original porosity
of the rock has facilitated the circulation of the pore
solutions which therefore caused the kaolinitization of

the mica flakes.

Finally, it has been concluded that diagenesis
controlled the clay mineral composition of the studied

rocks to a great extent.
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INCIPIENT METAMORPHISM

In the study of the incipient metamorphism of -
Carboniferous rocks of the South Wales Coalfield, four
indicators have been used to identify the metamorphic grades

of these rocks. These indicators are;

1. Fabric modifications as revealed from the petro-

graphic study.

2. ~  Modifications in clay mineral composition and in
illite crystallinity as detected by means of X-ray

diffraction.

3. Variation in the reflectivity percentage of the

disseminated organic matter.

4. Variation in the degree of carbonization of spores

and pollen grainms.

1. Fabric Modifications

Detailed petrographid study of both carbonate and

~ terrigenous rocks has revealed that in the western part of

the coalfield (anthracite area) the original and the diagenetic
fabrics have been modified. These newly formed fabrics are
attributed mainly to the effect of temperature and pressure.

The following is a sﬁmmary of the incipient metamorphic
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fabrics recognised in the carbonate and the terrigenous

rocks.

(a) Incipient metamorphic fabrics of the Carbonate rocks:

The main effects of incipient metamorphism are
recrystallization and lattice deformatioﬁ. Récfystallization
is defined in the present work as a process which takes place
commonly after complete lithification of the rock and is
responsible for the modification of the original crystal
size to sizes stable under certain conditions of temperature
and pressure. Two types of recrystallization have been
recognised‘in the Carboniferous Limestones of South Wales,
namely; aggrading recrystallization and degrading recrystall-
ization or crystal diminution. Aggrading recrystallization'
'is responsible for an increase in the micrite crystal size
and the developments of pseudospar crystals, followed by a
progressive loss of original textures and ultimately partial
obliteration of allochem debris. Degrading recrystallization
or crystal diminution is responsible for the replacement of
coafse crystals by a mosaic of finely crystalline pseudospar
crystals. This type of recrystallizaﬁion is displayed by
the incipiéntly metamorphosed crinoidal debris and the coarsely

crystalline fracture-filling cement.
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X .Deformational fabrics‘are very common in the
Carboﬁaﬁé rocks of the anthracite. area and are fepresented
by; (a) brush extinguished calcite and dolomite crystals,
(b) bending of twin lamellae and cleavages in calcite and
dolomite crystals, and (c) the'development of deformed

1

fibrous calcite veinlets.

There is a close correlation between fabric modif-
ication in the Carbonate rocks and coal rank. It was found
that the development of the incipient metamorphic fabrics
progressively increases towards the north-western part of
the coalfield. The modifications are gradual and it is
difficult to draw a borderline between metamorphosed and un- .
metamorphosed carbonate rocks. But, it is clear that incipient
‘metamorphic fabrics are prominent in the area where the
associated coal seéms have a fixed carbon more than 80%. It has
been noted that the fabric modifications are mainly lateral

and no variation with increase in depth occurs.

It was found also that the fabric modifications
havé been controlled to some extent by the lithology of the
metamorphosed rocks. Micritic rocks poor in organic matter
are the most susceptible to recrystallization. Dolomite is
the most stable lithotype in conditions of incipient metam-
orphism, ﬁhe only modification noticed being the development

of brush extinction.








