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A petrographic and sedimentological study of the Westphalian Trenchard and Pennant Groups, which crop out in the Forest of Dean
basin, has revealed a stratigraphically controlled clast variation coincident with a change in the characteristics of the fluvial systems
responsible for depositing these lithic arenites. Thin-section analyses of samples from 22 localities across the basin have provided a
database from which it has been possible to chart a systematic variation in sediment composition up-sequence.
Simple classification of clasts into quartz, feldspar and lithics shows no clear distinction between the Trenchard and Pennant groups.
However, further subdivision of the quartz content into reworked sedimentary, igneous and metamorphic types indicates an up-sequence
increase in the proportion of igneous derived quartz and igneous clasts relative to metamorphic content, whilst reworked sedimentary
quartz and feldspar remain essentially constant. This change is most marked at the Trenchard/Pennant boundary, i.e. below and above the
Coleford High Delf Seam and is interpreted to represent an important event in the unroofing sequence and/or a geographical modification
of the source area. The same boundary is believed to mark a change in the dimensions of the fluvial system, the Pennant Group
sandstones having been deposited in a noticeably larger system. Such a change is likely to relate to factors such as bedload and discharge,
which in turn may reflect the unroofing history and/or geographical modification of the drainage area. It is concluded that the
Trenchard/Pennant boundary represents a significant event in the history of the source area.
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INTRODUCTION
This paper presents a field-based sedimentological and thin sectionbased petrographic study of the Upper Coal Measures in the Forest of
Dean. Samples have been collected at a number of geographic and
stratigraphic localities across the basin, from two of the three Coal
Measure Groups viz: the Trenchard and Pennant Groups. The SupraPennant Group has not yet been sampled. This study attempts to
describe and quantify the subtle but significant changes in the
compositional nature of the lithic arenites up-sequence and integrates
this information with field observations of their sedimentology. The
work forms part of an ongoing study into several aspects of the
geology of the Forest of Dean covering correlation problems and
provenance studies.
GEOLOGICAL SETTING
The Forest of Dean is a geographically distinct region of some 86
km2, part of which is underlain by Upper Carboniferous Coal
Measures. The region is situated almost midway between the South
Wales Coalfield and the Bristol and Somerset Coalfield (Figure 1).
The Forest of Dean Coalfield is contained within a broad synclinal
basin, with a north-south axis. Similar to the South Wales and Bristol
Coalfields, the basin lies above a basement of Old Red Sandstone and
Lower Carboniferous Limestones and Shales (Figure 2). However, the
Forest of Dean is distinct from the South Wales and Bristol areas in
that only an Upper Coal Measures sequence is preserved. The Lower
and Middle Coal Measures are absent and the area may not have been
a depositional basin during Westphalian A, B, and most (or all) of
Westphalian C (see Figure 4 for possible ages of the Pennant Group).
This was recognised by Trotter (1942) who proposed that a
progressive easterly overlap of the Coal Measures occurred from the
South Wales Coalfield into the Forest of Dean. An alternative model
put forward by Moore (1948) and Sullivan (1964) suggested that early
Westphalian strata may be present at depth in the basin and their
absence at and near the surface could be due to cannibalisation during
the formation of the Upper Coal Measures.
There is a marked angular unconformity between the

Carboniferous Limestone series and the Upper Coal Measures (Welch
and Trotter, 1961). Pre-Coal Measures rocks are folded into a tight
syncline (Figure 3), with the eastern limb dipping at up to 70°.The
fold axis is also north-south, though it is offset westwards with respect
to the overlying more gently folded Coal Measures syncline. The
result is an obvious overstep and overlap of the two sequences
(Coones, 1991).
The Upper Coal Measures of the Forest of Dean are divided into
three groups, first identified by Hoskold in 1892, viz. the Trenchard,
the Pennant and the Supra-Pennant (Figure 4) (following an earlier
contribution by Mushet, 1824).
The Trenchard Group is the most variable, both in terms of
thickness and facies. The diachronous southward onlap of the group
against the underlying Carboniferous Limestone series results in a
thicker sequence in the north, associated with the preservation of
progressively older units (Jones, 1972; Coones, 1991). These older
units contain conglomerate and quartzose sandstones, a facies not
developed in the south of the Forest and not sampled in this study.
Still older beds of the Trenchard Group, which do not come to
outcrop, and are beyond the depth of mine workings may be buried
within the synclinal basin. Up-sequence the Trenchard Group contains
a more ubiquitous lithic sandstone, which extends over the entire
basin. The facies assemblages are consistent with deposition in a
fluvial environment.
Separating the Trenchard from the Pennant Group is the Coleford
High Delf coal seam, which is laterally persistent around the basin and
from which the majority of the Forest's coal has been produced
(Welch and Trotter, 1961). Above this marker the Pennant Group
thickens southwards across the Forest, from 200 m in the north to 250
m in the south, in contrast to the Trenchard. The beds are composed of
lithic sandstones, shales and coals, and the facies associations and
bedforms which indicate clear examples of channelisation, are again
consistent with deposition in a fluvial environment.
Above the Pennant Group, the Supra-Pennant Group contains in
its lower part eight main workable seams together with shales and
lithic sandstones. The facies are generally more shale-dominated than
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Figure 1. Generalised map to show the location of the Forest of Dean in
relation to other Carboniferous basins and South West Britain

angle cross-beds up to 4 m, representing an in-channel bar. Above
this, smaller scale sets of 1-2 m are developed representing smaller
individual bars within the river, followed by fining-upward sequences
representing the infill or channel abandonment stage. Field
observations confirm the findings of Gayer and Stead (1971) that the
Pennant sandstones were derived from a southerly or southeasterly
source.
It is difficult to assign dimensions to the width or depth of the
fluvial systems for either the Trenchard or Pennant sequences (Leeder,
1973), or to provide an indication of the nature of the channel
planform (Bridge, 1985). However, there is a difference in the systems
and it seems reasonable to assume that the river(s) of Pennant age
were significantly larger than those of Trenchard age. It is also worth
noting that this change occurs across the Coleford High Delf seam, a
basinwide economic coal seam, which could only have accummulated
if the elastic supply had been 'switched off' for the duration of its
formation (McCabe, 1984).
Therefore, it seems reasonable to assume that the fluvial system
which was active in the Forest of Dean area during Trenchard times
was switched to another area during deposition of the Coleford High
Delf seam. The fluvial system which subsequently returned to form
the Pennant Group was of a much larger scale.
There are a variety of factors which can control the nature of a
fluvial system, typically affecting the gradient, discharge and sediment
supply. Jones (1977) considers the effects of varying discharge
regimes on bedform sedimentary structures in modern rivers, whereas
Smith and Smith (1984) record the effects of channel widening and
braiding in the Williams River caused by additional bedload. It is also
possible that an increase in any one or more of these factors could
result from changes in the source area, be they gradient changes due to
uplift, sediment supply changes due to unroofing of new material or

those of the Pennant Group. A further series of workable coals is
developed at the top of the Supra-Pennant Group (Coons, 1991).
The Upper Coal Measures of the Forest of Dean are broadly
correlatable with the Pennant Measures of the South Wales Coalfield.
However, there has been much debate in the literature as to the precise
age of the three groups and two suggestions are outlined in Figure 4
(Cleal, 1991). Detailed correlation of each group depends on the
resolution of these dating problems and is not within the scope of this
paper.
FIELD OBSERVATIONS
The Trenchard Group consists of lithic arenites, siltstones and shales,
arranged in fining-upward (grain size) and thinning-upward (bedform)
sequences of the order of 4-6 m. Bedforms are characteristically
asymptotic cross-beds, typically 50 cm-1 m in height. Few examples
of scour surfaces have been seen, but in general the facies associations
are consistent with deposition in a fluvial setting. The channel-fill
deposits consist of sets of cross-beds representing individual dunes
(on a metre scale). No evidence for larger scale bars has been noted.
Field observations confirm the findings of Jones (1972) that these
lithic arenites are derived from a southerly source.
One notable feature of the Trenchard sequence is the abundance
of coal clasts. These are typically rounded and therefore it is assumed
that they were lithified to some extent before deposition in order to
maintain their shape during burial. They can occur as the main clast
type on a sequence of cross-beds. Such coal clasts must have been
eroded from a previously formed coal deposit and are unlikely to have
travelled any great distance.
The Pennant Group again consists of lithic arenites, siltstones and
shales, arranged in fining-upward and thinning-upward sequences.
However, the scale of the sequences is considerably greater, of the
order of 10-20 m, and the bedforms are different. The lower portion of
the channel-fill sequence is typically occupied by large scale low

Figure 2. Generalised Stratigraphy of the Forest of Dean area (Trotter,
1942)
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Figure 3. Simplified geological map of the Forest of Dean, based upon BGS Monmouth sheet
233, showing the localities sampled.

Figure 4. Stratigraphy of the Upper Coal Measures in the Forest of Dean, and relative position
of sites sampled.
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discharge changes perhaps as a result of river capture (Gupta 1993).
Indeed it may be unwise to attribute the change between the
Trenchard and Pennant fluvial systems to a single cause.
PETROGRAPHY
To date, 22 samples from a range of stratigraphic and geographic
localities across the Forest of Dean (see Figure 3), have been
sectioned, analysed and point counted, in an attempt to detect and
evaluate any systematic changes which occur within the Trenchard
and Pennant sequences.

Method
Modal analysis of grains was established by applying the GazziDickinson (Gazzi, 1966; Dickinson, 1970; Ingersoll et al, 1993)
point count method. This method has been adopted as it lessens the
effect of weathering, transport, deposition and diagensis in
sandstones. Approximately 450 point counts were achieved on each
thin section. All samples analysed contain medium sand size
fractions although the effect of sampling scales is negligible in such
source types (see Dickinson, 1985, 1988: Ingersoll et a1, 1993).

Classification of quartz grains
A genetic classification of grain types has been established,
modified after Folk (1980). Quartz grains are divided into
monocrystalline (Qm) and polycrystalline (Qp) grains. Further
subdivision of Qm is based on a genetic classification (see Figure
5). Controversy has arisen over the classification of monocrystalline
quartz and the criteria for the identification of quartz of igneous and
metamorphic origin.

Figure 6. (right) Petrology of litharenites from the Forest of Dean a)
Litharenite with high proportion of Igneous derived grains. Note the
presence of non-undulose quartz grains (Qmi), metamorphic quartz
grains (Qmm and Qpm ), sedimentary quartz grains (Qps). Note also the
presence of granite clasts (G) with k-feldspar (fine stiple). Sample from
location 6. Scale bar 2 mm. b) Litharenite dominated by reworked
quartz grains (Qms) with authigenic overgrowths and quartz cement
(indicated by arrow). Sample from location 9b. Scale bar 2 mm. c)
Litharenite with high proportion of grains of metamorphic origin. Note
also the presence of microcline (crews-hatched shading) and igneous
derived quartz (Qmi). Sample from location 1c. Scale bar 2 mm. d)
litharenite consisting of igneous (Qpi and Qmi) metamorphic (Qpm) and
sedimentary (Qms and Qps) grains. Sample from location 1c Scale bar
2mm. In all cases fine dashed shading indicated by L are lithic grains of
metamorphic origin. For abbreviations see Figure 5.

The Krynine/Folk classification (see Folk, 1980) adopts a simple
undulosity scale. Straight and gentle undulosity of 0-5° is classified as
igneous and more than 5° as metamorphic. Blatt (1967) has argued
that undulosity is a function of the latest structural event However,
Basu et al (1975) and Basu (1985) have concluded that a value of 0-5°
undulosity may be used to distinguish between quartz of igneous or
metamorphic origin. The value of 5° undulosity has been adopted in
this study as it provides a minimum value for igneous derived quartz
grains. This value therefore sets a lower limit for Qmi content in our
calculations.
Classification of polycrystalline quartz grains has proved more
successful. Blatt (1967) outlined three characteristics for determining
igneous and metamorphic quartz. Young (1976) produced a more
rigorous classification, based on the deformation structures and
internal features in quartz grains, in outer to determine their origin.
This genetic classification was adopted by Folk (1980).

Figure 5. Classification of Quartz grains after Folk (1980) and Young (1976).
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Six genetic types of monocrystalline quartz are recognised from the
study samples (see Figures 5 and 6).
The distinction between Type 1 and 2 quartz grains is an
important element of the classification and is based on the latest
structural event principle. Detailed observation of the quartz in the
samples analysed shows a clear distinction between these types.
Type 1 ( Qmi) grains are characterised by straight extinction (0-1°) to
gentle undulosity (less than 5°) and contain only a few isolated fluid
inclusion and vacuole trains. It should be noted at this point that clasts
of granite occurring within these samples contain this type of quartz.
Type 2 (Qmm) grains contain gentle to strong undulosity with
abundant fluid inclusions in vacuole trains which usually follow
deformation bands within the quartz. It is apparent from observation
that some Type 1 grains have been partially overprinted by
deformation features typical of Type 2 grains. These grains are
classified as Type 2.
It is important to note that this classification is based on detailed
observation on the samples in question and may not apply in other
areas.
Six genetic polycrystalline quartz types are recognised (see
Figures 5 and 6). This classification is based, in part, on internal
deformation features as described by Young (1976).

S a n d S t o ne pe t r o gra p h y
The sandstones of the Pennant and Trenchard Groups comprise
framework grains set in limited fine-grained phyllosilicate (clay)
matrix. The grains have a variety of compositions, are angular to
subangular and relatively unsorted, ranging from fine- to mediumgrained sands with maximum grain size in the coarse sand fraction
(see Table 1).
The framework modes of the Pennant and Trenchard Groups
comprise approximately equal proportions of quartz and lithic grains

with only a minor feldspar content (see Figure 7a) and therefore,
according to the classification of Pettijohn et al. (1987) constitute
litharenites.
Monocrystalline and polycrystalline quartz grains consist of
igneous, metamorphic and reworked sedimentary types with only a
minor hydrothermal grain content. The feldspar content consists of
plagioclase (Fp), albite to oligoclase in composition and showing only
minor sericitisation. Potassic feldspar (Fk) includes perthite,
mesoperthite and microcline. Lithic grains are of three types,
metasedimentary (Lm), igneous (Li) and sedimentary (Ls).
Metasedimentary grains predominate and comprise mica schists,
mica-bearing quartzites, minor slates and other low grade
metasedimentary rocks. Igneous grains consist of clasts of granites of
various types, including microgranites with feldspar phenocrysts and
clasts of granophyric intergrowth. Sedimentary grains include
reworked sandstone grains and coal clasts. A minor component of
hydrothermal material is present. Individual grains of garnet, zircon,
tourmaline, biotite, muscovite and opaque minerals occur sporadically
throughout the samples.
RESULTS
The proportions of the main grain types show a systematic variation
between the Pennant and Trenchard Groups. On a simple Q-F-L plot
(Figure 7a) both the Pennant and the Trenchard Groups plot in a
similar field, with no discrimination. However, a further subdivision
of grains based on monocrystalline quartz content shows a clear
discrimination (Figure 7b). The Trenchard Group samples contain
significantly less igneous quartz and a few samples show a higher
proportion of reworked sedimentary quartz. The younger Pennant
Group displays a consistently higher percentage of igneous derived
quartz. It is clear from the data that igneous derived quartz increased
through time at the expense of metamorphic quartz. Classification of
polycrystalline quartz types and the identification of other types of
lithic clast in an I-M-S plot (Figure 7c) also shows a clear
discrimination with an increase in igneous derived material from the
Trenchard to the Pennant Group samples.

Figure 7. Triangular diagrams to illustrate proportion of a) Quartz (Q), Feldspar (F) and Lithics (L) b) Monocrystalline Quartz of Igneous (Qmi),
Metamorphic (Qmm) and Sedimentary origin (Qms) and c) Total clasts of Igneous (I), Metamorphic (M) and Sedimentary origin (S).
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1c
1a
1c coarse
2
3b
4
5a
5b
5c
5d
5I
6c
6d
6e
6f
7a
7b
9a
9b
9c
10(iv)
11
12

Q
59
49
42
43
39
48
47
41
57
38
41
44
42
49
49
53
49
47
41
36
45
41
46

F
4
3
4
6
4
5
4
7
4
6
7
6
4
4
5
6
6
3
4
7
4
4
4

L
37
48
54
51
57
471
49
52
39
56
52
50
54
47
46
40
45
50
54
57
51
55
50

Qmi
79
79
78
88
86
82
91
77
74
80
82
76
86
83
87
74
72
46
68
59
68
69
67

Qmm
19
18
22
12
14
17
8
21
24
19
18
24
11
16
13
24
25
32
27
30
30
27
28

Qms
2
4
0
0
3
1
1
1
2
1
0
0
3
1
0
2
3
22
5
11
2
4
5

Table 1. Point counting results .Q = Quartz, F = Feldspar, L = Lithics,
I = Igneous, M = Metamorphic, and S = sedimentary, Qmi =
Monocrystalline Quartz of lgneous origin, Qmm = Monocrytalline
Quartz of Metamorphic origin, and Qms = Monocrytalline Quartz of
reworked sedimentary origin.

CONCLUSIONS
Petrographic changes occur from the Trenchard to the Pennant
Groups, i.e. from below to above the Coleford High Delf seam, most
notably with an increase in the proportion of igneous derived quartz.
This is interpreted as representing a change in sediment flux into the
basin and may indicate supply from a geographically new source area
and/or represent an unroofing sequence. We consider that the
petrographic data sets for the Trenchard and Pennant Groups are not
sufficiently different to suggest derivation from a completely new
source area but might best be interpreted as a modification of the
source drainage area or as an unroofing sequence.
Field observations suggest that cessation of the Trenchard fluvial
system was followed, after the accumulation of the Coleford High
Delf seam, by the introduction of a larger scale fluvial system into the
area, leading to the deposition of the Pennant Group. This new fluvial
input may have been the result of one or more factors. For example,
the addition of more sandy bedload as a result of the unroofing of a
new bedrock in the source area, and/or an increase in discharge due to
the enlargement of the catchment area. The latter may have been
effected by river capture upstream, relating to a gradient change, itself
a direct response to uplift and tectonic activity in the source area.
These two separate lines of evidence, namely the perceived
increase in size of the fluvial sequence and the influx of igneous
derived quartz up-sequence, both relate to the evolution of the source
area, a subject of further discussion in a forthcoming paper. In
addition, in both cases the changes occur across the Coleford High
Delf Seam and it is therefore possible to identify a relatively discrete
time-slice within which the controlling event(s) in the source area
must have occurred.

I

M
40
35
26
34
28
37
38
31
39
30
35
31
31
41
38
41
36
22
22
24
24
27
27

S
58
63
74
65
70
61
60
66
58
67
65
69
67
58
62
58
62
69
76
72
72
71
70

2
2
0
1
2
2
2
2
3
3
0
0
2
1
0
1
2
9
2
4
4
2
3

Grain
Mode
0.24
0.23
0.44
0.23
0.27
0.27
0.24
0.29
0.21
0.36
0.24
0.27
0.32
0.23
0.2
0.18
0.22
0.16
0.22
0.21
0.3
0.31
0.34

Size
Peak (mm)
0.43
0.44
0.84
0.43
0.56
0.55
0.43
0.7
0.3
0.77
0.39
0.45
0.64
0.5
0.35
0.42
0.36
0.28
0.29
0.37
0.53
0.55
0.6
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