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• 
PREFACE 

• I 
. f'his handbook has been compiled for the 1981 Annual Field Meeting of 

;he QUiluellary Reseal'ch Association at Leicestel'. It contains 
'escriptions of the sites to be visited on the excul'siolls as well as 
iome additional sites of intel'est and background matedal of the 
legion. Fig 1 is a location map fol' the excursion routes and sites, 
~hereas Table 1 presents an outline stratigraphy of the Leicester area. 

I 

rhe editor would like to thank the contributors for the pl'eparation of 
. ·heir manuscripts and Mrs Oonagh Grassie of the School of Geogl'aphy, 
~ewcastle Polytechnic for llt'awing the text figul'es. 

;t should be noted that a description of a site in this handbook does 
lot imply that access is open to the public. Permission to visit sand 

... [nd gravel pits and quardes must be sought from the operatol's. 

·.'able 1 A Simplified Stratigraphy of the Quaternary of Leicesler 
... 'nd environs. (See text for further correlations and comment) 

['LANDIUAN 

)EVENSIAN 
I 
i 

··rSWICHlAN 

i/OLSTONIAN 

, 

lOXNIAN 

;NGLJAN 

Representative deposits 

Alluvium; Fen peats 

Many terrace gravels; remains of coversands 

Wing interglacial beds 

Dunsmore Gravel 
Upper and Lower Oadby Tills 
Wolston Sand 
Bosworth Clays and Sil ts 
Thrussington Till 
Bagington Sand 
Bagington-Lillington Gravel 

Woodston Beds 

Bubbenhall Clay; Chalky Boulder Clay of Peterborough 
area 
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Fig. I Mop of excursion routes and sites. 



EXCURSION TO TIJE TYPE AREA OF TIlE WOLSTONIAN AND 
SOUTJI LEICESTERSIllRE 

This excursion explores much of the area which can be tied in to the 
Wolstonian type sequence by lithostratigraphic continuity. From 
Coventry to Loughborough there is a nearly continllous mantle of drift 
which carrie(l the main England watershed between the Severn (via the 
Warwickshire Avon) and the Trent (via the Soar) (Shotton 1953). In 
many places this plug of drift exceeds 50m in thickness. Crlldal to 
the interpretation of Quaternary events in the area is the recognition 
oC the bedrock surface of the proto-Soar (fig 2). Early Wolstonian 
drainage was to the northeast and it was in this lflrge catchment that 
Lake Harrison was impounded as Wolstonian ice moved from the north. 

Correlation within the region if facili tated by the strong lateral 
persistence oC many of the members, notably the glaciolacustrine 
Bosworth Clays and Silts and the overlying glaciofluvial Wolston Sand. 
Thus the correlations between the areas which have been mapped In 
detail (fig 2) are well-founded although it should be noted that as 
these members are defined on lithostratigraphic grounds, boundaries 
may be diachronous as glacial, glaciofluvial and glaciolacustrine 
environments shifted in response to an oscillating ice front. 

Correlation of Wolstonian deposits 

DIIDsmore Gravel 

Upper Oadby Till 
Lower Oadby Till 

W olston Sand 

Bosworth Clays and 
Sil ts 

Thrussington Till 

Baginton Sand 

Baginton-Lillington 
Gravel 

Wolstonian 
nomenclature 
(Shotton 1976) 

Flinty Gravel 

Chalky Till 
Penn ine Till 

Cadeby Sand and 
Gravel 

Bosworth Clay 

Basal Till 

West Leics. 
(Douglas 1980) 
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Upper Oadby Till 
Lower Oadby Till 

Wigslon Sand and 
Gravel 

Thrussington Till 

Thurmaston Sand and 
Gravel 

Central Leks. 
(Rice 1968) 

'I' D Douglas 



...L....J... Ice front 

-- Shore of l. Harrison 

Mapped areas 

o 5 10 15 Kms 
11-,---.l'L..---"'----" 

Fig.2 The Lake Harrison bosin showing areas of detailed mapping. 



The Wolstonian in its Type Area 

The subdivisions of the Wolstonian now recognised are as follows 
(Shotton 1976): 

7. Dunsmore Gravel 
6. Oadby Tills. Dominantly chalky boulder clay (Upper Wolston 

Clay) 
5. W olston Sand 
4. Bosworth Clays and Silts 
3. Thrussington Till 
2. Baginton Sand 
1. Baginton-Lillington Gravel. 

Although tile southern end of the Wolston pit (now a tip) is preserved 
as an SSSI, it shows only formations 2, 3 andpart of 4 and needs 
extensive cleaning up before it is worth examining. A working pit 
somewhere close to Ryton Wood (SP 3772) will be visited but gravel 
working changes its location so rapidly that it is impossible to localise 
a site at this time of writing. We can expect to see formations 1-4. 
Higher beds, having little or no economic value, can only be seen in 
te mporary exposures. 

Note: (a) The Baginton-Lillington Gravel (on Mercian Mudstones) 
c.3m thick and entirely composed of "Bunter" pebbles. 

(b) The Baginton Sand (cAm) strongly cross-bedded except in 
its highest part where it is more argillaceous and level 
bedded. 

(c) The undisturbed and in some places interdigitated 
contact of the sand with the Thrussington Till. 

(d) Thrussington Till (c.3m) a typical lodgement till with 
Permian and Triassic erractics and rare (but often 
large) erratics of Lelcestershire Igneous rocks. 

(e) The overlying Wolston Clay is usually devoid of clasts 
except for an occasional dropstone, and it may be 
varved. It is interpreted as glaciolacustrine. 

Cryoturbation may be observable in the middle of the JJaginton­
Lillington Gravel, and on two past occasions a frost wedge has been 
seen in the Baginton Sand, tnmcatecl by the Thrussington Till. 

F W Shotton 

-4-



I»q Orlrt covered oraa, ........... 

ll.U.U.J. Middle Ua. escarpment 

,',;';,0:. Areas where drill III ,lin 
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F. C, Fenny Compton 
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T.l. Tur lang ton 
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Fig.3 The Middle Lias escarpment and distribution of the drift cover. 
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The Lake Harrison Shoreline Bench and other Scarp-Foot features 

In 1951 Dury drew attention to a narrow bench, lying with its front 
edge at 122m and its rear edge close to 125m, which he claimed to 
he traceable for a distance of 65km from near llmington (21Z434) In 
the south-west to near Braunston (542662) in the north-east. Dury 
descl"ibed the bench as being "well seen neal' Fenny Compton and north 
of Priors Hardwick, standing some fifteen to twenty feet (4.5 to 6m) 
above the vale floor" (p.167). Although at the time of his original 
article little detailed work bad been published on the Pleistocene 
deposits to the north, Dury suggested that the morphological feature is 
"due to wave erosion along the shore of a pro-glacial lake" (p.168). 
This Interpretation appeared to receive powerful support when Shotton 
in 1953 ascribed many of the fine-grained Pleistocene sediments in the 
area between Rugby, Coventry and Leamington to deposition in ice­
dammed Lake Harrison. The relationship between the erosional and 
deposi tional evidence for this lake was further Investigated hy Bishop 
(1958) who showed that the bench locally truncates the glacial 
succession up to amI Including the most recent chalky till; he 
therefore concluded that the laq.tstrlne sediments accumulated In 
Extra-Morainic Lake Harrison during the ice advance whereas the 
bench was eroded by Inter-Morainic Lake Harrison during the Ice 
withdrawal. 

Since these studies in the 1950s the bench has received Ii ttle detailed 
attention. The Officers of the Geological Survey in 1965 examined 
the field evidence on the Banbury I" sheet (no. 201), concluding that 
"from Wormleighton to the Dassett gap this erosional feature is plainly 
developed ... however, south-westwards along the Middle Jurassic (sic) 
scarp to Brailes the evidence is less conclusive" (Edmonds et al p.l09). 
In the view of the present writer (R.J .R.) the existence of the bench 
can scarcely be doubted, particularly around Fenny Compton where the 
waters of the impounded lake apparently overspilled into the Cherwell 
valley. Bishop (1958) equated the period of overspill with 
accumulation of t.he Wolvercote terrace gravel in the Oxfol'~ region. 

The preservation' of the bench has important Implications for the post­
Wolstonian evolution of the Middle Lias escarpment. This latter topic 
merits closer examination than it has so far received, since there are 
well defined landform assemblages detectable elsewhel'e along lhe 
scarp face. As fig 3 illustrates, there are striking regional contrasts 
between the areas south and north of Rugby. To the south of Rugby, 
and broadly corresponding with the tract over which the shoreline 
bench has been identified, there is a zone, several kilometres wide,in 
which there are only small vestigial traces of drift. To the north, on 
fig 4 
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fO 0".". o"j Middle Lias 
: -: -:.:. : clays and sands 

[]I!] Middle Lias 
martstone 
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E3 Inferior 
Oolite 
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drift 
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,---.. (numpered as in fig-5) 

o Kilometres 2 
I ! 

Fig.4 The distribution of glacial drift in the vicinity of Tilton (drift areas left blank). 



the other hand, the thick drifts extend very milch closer to the foot 
of the scarp and along a number of sections are actually banked 
against the scarp face. The latter situation is especially characteri~\ic 
of the broad embayments of the escarpments such as exist, for 
instance, around Tur Langton and Owston. The intervening 
promontories, as near Shearsby, Tilton and Somerby, exhibit scarp 
forms unencumbered with drift. A recurrent feature of these 
promontories Is a succession of scarp-foot cols that run parallel to the 
Middle Lias outcrop and together form a strip of country, a few 
hundred metres wide, that has apparently heen divested of Its drift 
cover. The feature is probably best seen west of Tilton (fig 4) where 
it forms a virtual gutter flanked on the east by the Middle Lias 
marlstone escarpment and on the west by the blunt ends of a 
succession of till-capped inter fluves that separate the regularly spaced 
tributaries of the Soar. Clayton (1959) in alluding to the cols, 
suggested two possibilities for their origin; the first Is that they were 
formed as part of a lateral meltwater gutter during final decay of the 
Wolstonian ice sheet, the second that they result from scarp retreat 
by sub-aerial processes since the close of that glaciation. Fig 5 is an 
attempt to analyse the height relationships of seven of these coIs. 
This reveals a consistent northward slope whose regularity might be 
held to support a meltwater origin. If the cols be viewed as 
constituting an "aligned sequence" it requires that the meltwater was 
flowing northwards in the direction of presumed ice thickening. Such 
a relationship is by no means impossible but there appear to be 
alternative explanations for the northward decline hl height. For 
example, there is firstly the general northward slope of the Soar 
catchment to be taken into aCCOl\I1t, an(l secondly the overall bu t more 
erratic fall in height of the marlstone outcrop in the same direction. 
It is also noteworthy that nowhere does the modern drainage follow 
the "gutter" for any distance; it is a morphological feature that, at 
the present time, is seemingly being etched out by the headwaters of 
a wide variety of streams. This is particularly conspicuous around 
Shearsby where various parts of the scarp-foot depression are drained 
south-westwards via the Swift to the AVon, north-westwards via the 
Sence to the Soar, and eastwards to the Weiland. 

The view that the drift-free depression along the foot of the scarp is 
the result of post-Wolstonian stream erosion receives support from a 
number of sites where exhumation of the scarp face, although actively 
in progress, appears to be incomplete. North of Tilton three adjacent 
spurs illustrate stages in the process of exhumation. At the first (A 
on fig 4) a narrow neck of till joins the main mass of drift to a long 
salient of cambered Middle Lias marlstone. The sides of the neck are 
steep and are being actively sapped where springs emerge from sandy 
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Fig. 5 The height relationships of the scarpfoot eols in the vicinity of Tilton and Somerby. 
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horizons within the Middle Lias day. One kilometre to the west (B) a 
further stage is reached where the madstone salient has been divested 
of its till cover and a slight depression is beginning to develop on the 
Middle Lias day. Even later evolution is seen on the intervening 
salient (C) where a prominent col has been cut in the Middle Lias 
clay, almost down to the level of the Lower Lias. 

If the foregoing aJ:guments are accepted, the drift-free depression 
along the face of the scarp promontories provides a crude measure of 
the amount of local erosion that has taken place since the end of the 
W olstoniaJl glaciation. The width of the depression between scarp face 
and ddCt-capped Lower Lias can be attributed to the combined 
recession of both marginal elements, and it is not easy to appOl't\on 
the total between them. Around Owston where the scarp is being 
uncovered at the present day the initial col is normally formed in the 
Middle Lias day. The fact that around the Tilton and Somerby 
promontories no Middle Lias is found beneath the till on the western 
side of the depression suggests that significant recession of that 
margin has taken place. On the other hand, the scars of landslips and 
mudflows, some of which are patently unstable, leaves little doubt that 
the main scarp face has also receded. If one simply assigns half tile 
total distance between the scarp face and the till margin to scarp 
recession, the edge of the marlstone would appear to have retreated 
by about 200m since the close of the Wolstonian glaciation. 

The apparent conflict which the foregoing discussion has sought to 
highlight - namely the preservation of a bench along the foot of a 
scarp that has elswhere undergone substantial retreat - may perhaps be 
reconciled by one 01' more of the following considerations: 

(i) the lack of drift deposits in front of the scarp sou til of Rugby 
re flec ts a sudden almost catastrophic, draining of Inter-Morainic Lake 
Harrison. Bishop (1958) invoked this hypothesis to explain the absence 
of any lacustrine deposits dating from the Inter-Morainic stage. 

(Ii) The drift-free zone along the scarp foot north of Rugby may owe 
its width much more to recession of the drift edge than to 1'etreat of 
the ac tual scarp. 

(iii) The so-called Middle Lias escarpment is, in practice, a multiple 
feature of highly' complex fOl'm. Much of the sIml'eline bench where 
best pt'eserved is cut in Lower Lias clays and limestones some distance 
in front of the nearest Middle Lias outcrops. Where substantial scarp 
recession has been inferred, the strata consists of a permeable caprock 
resting on clay; spring sapping appears to be a primary mechanism 
whereby slope retreat has been effected. 

R J Rice 
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Klisby salld and gravel plt(SP 569696) 

Examination of the Geological Survey Sheet 185 shows an extended 
strip of sand and gravel rluming from the north-west corner south­
eastward for several km, passing into a more complicated and 
widespread pattern of till and gravel around Kilsby. This elongated 
gravel outcrop is at first glance suggestive of an overflow to the east 
from the Proto-Soar valley, bu t this is misleading. Contouring on the 
base of the Drift SllOWS the sub-Pleistocene levels to be declining to 
the west and the linear outCt"OP of the gravel is due to its 
preservation on the interfluve between two parallel sll"eams flowing 
into the Avon system. 

The fullest exposure at the pits In June 1980 exhibited a three-fold 
sedes illustrated in Fig. 6. Unit A varies rapidly in its detail of fine 
and coarser beds and elsewhere on higher ground is not obviously 
rellresented. Its sedimentology and mineralogy have been examined by 
Dr J Calt who found no clear loesslc element and inclined to the 
opinion that it was a late-Wolstonian wash Into hollows in the 
underlying till. 

Unit B is a grey chalky till, here 5-601 thick, massive except for the 
lowest lOcm which is much finer. It lies with little or no disturbance 
on the underlying gravels. Principal erratics of the till are chalk and 
grey flint, less commonly Jurassic limestones, some Bunter pebbles and 
ironstone. Rare constituents are Carboniferolls Limestone (sometimes 
with confirmatory fossils) and Leicestershire igneous rocks. 

Unit C, about 5m thick, is extremely coarse and unsorted at the top 
but passes downwards into well-bedded (but often cross-bedded) gravels. 
Jurassic clasts including separated fossils are dominant, there is plenty 
of ironstained flint and much less grey flint, and Bunter pebbles are 
fairly frequent. When a contact with the lUlderlying Lower Lias can 
be seen, there is usually a concentration of boulders. 

Con-elation: Unit B is ascribed to the Qadby Till and C is regarded 
as proglacial outwash of Wigston Gravel type (= Wolston sand and 
gravel). The sllb-Pleistocene surface is too high for the Bosworth 
clays and silts of Lake Harrison to be present. 

Another pit being opened up in August 1980 showed a similar sequence 
of chalky till on gt"avel, with no important changes of lithology or 
thickness. The till here, however, was overlain by a coarse clayey 
gravel, itself covered by an almost stoneless clay similar to the 
uppermost bed of Unit A. The upper gravel differed hom any bed of 
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Unit A in Its larget pehble size Rnd absence of Chalk clasts. In 
several places the gravel descended Into pockets in the till, (a 
complicated one is shown in Fig. 6) amI these appear to be examples 
of decaldricatiol1 of the till rather than cryoturhatioll. There Is 
clearly an unconformity between the disturbed gravels and the 
overlying clay, Indicating an appreciable lapse or time. Wafl 
'(lecalcl£icallon an interglacial process? 

It should be pointed out that within 1. 5 Ion of these exposures between 
SP 56037065 and 56647069, a cutting in the M45 revealed a flection 
described by Shotton (1963, 1966). It provided a fuller sequence than 
at the Kilsby pits, as followsl 

Grey c1Jalky till 

Pink-grey chalky till 

13oul<ler gravel with .Jurassic limestone 
ironstone, Bunter pebbles, No chalk or 
Hint. ----

Calcareous sand and fine gravel 

Dark grey chalky till 

Red Trias-rich till 

7.6+ m 

1.5-3.0 III 

1.8-6.0 In 

0-3.+ In 

6.5 

4.5 m 

There are some intriguing difference between this aml the Ktlsby 
sequence. The basal Trias-rich till could be the Thrusslngton Till but 
it couht be olcter. If the lower chalky till Is the same as hi Ole 
KUsby pit, nothing resembling the Wlgston Gravel lies muler It. There 
are dearly two major chalky tills bu t the intervening very coarse 
gravel cannot be due to melt-out from either as there Is no flint jn it 
and this must Involve a major Ice retreat. 

Finally, the motorway section was disrupted by 5 faults with throws In 
excess of 9 metres. Such complication has not yet been observed In 
the nearby Kllsby pits. 

F W ShoHon 



Cotesbach sand and gravel pit (SP 5Z58ZO) 

Situated on a bluff overlooking the valley of the River Swirt, this 
relatively recent excavation affords an opportunity to examine a 
section in undisturbed Wolston sand and gravel. The exposure lies at 
an elevation of approximately IZOm OD and displays the following 
succession: 

Lithology' 

Grey chalky till 

Fine grey sand, sit t 
and day 

Sand and gravel 

Grey bedded 511 ts 
and days 

Thickness 

Up to Zm exposed 

Irregular, but up 
to? 1.5m 

4 - 4.5m 

Up to 1.5m 
exposed 

Regional correlation 

Oadby till 

Upper Wolston day of 
Shotton (1953) 

Wolston sand and gravel 

Bosworth days 
and silts 

The lowermost bed is composed of a deep bluish grey clayey silt and 
silty clay. In places the material is prominently laminated, but 
elsewhere it displays little dear structure. Augering on the hillsides 
downslope from the level of the pit strongly suggests that, at a lower 
stratigraphic horizon, the water-lain sediment interdigitates with, and 
15 largely tmderlain by, chalky till. Observations by Eastwood et ,\I 
(In3) and by Poole et al (1968) suggest that, at an even lower 
horizon, thel'e is red dayey till largely derived from the Keuper Marl. 

The sand and gravel tends to be more sandy at the base and to 
become more gravelly towards the top. This is characteristic of the 
Wolston sand and gravel as observed elsewhere, although In the 
Cotesbach pit the distinction Is less marked than, for instance, at 
Dunton Bassett. Many of the sand layers are cross-bedllell bllt the 
directions assumed by the cross-bedding units are very va.ried and do 
not point consistently to any single direction of flow. The gravel is 
generally fine, with a very low percentage of the constituent pebbles 
exceeding 5cm in maximum axial length. An analysis of lithological 
composition (based on a sample of 474 pebbles) yielded the following 
results: Middle Jurassic limestone 31%, flint Z7%, Bunter pebhles 
15%, Carboniferous material. The results Illay be compat'ed with those 
from the Wolston sand and gravel sampled at Dunton Bassett ancl 
quoted below. So far no unequivocal periglacial structures have been 
observed affecting the bedding of the sand and gravel. However, in 
this same general area Poole et al (1968 p 50) report the occurrence 
of cryoturbatlon In the top of what appears to be the equivalent bed. 
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The sand and gravel passes abrup t1y upwards Into a variable thickness 
of mottled rusty brown and grey dayey silt, sil t and fine samt. 
PeblJles are almost totally abllent but the he(l contains 11 ~reat deal of 
"race" (calcareous nodules), Locally this water-lain material reaches 
1.5m In thickness, but it Is truncated above an irregular Illoping (and 
probably erosional) junction by grey chalky till. It is noteworthy thnt 
In the Lutterworth area there are several reporls (eg Poole et al 19(8) 
that the advance of the Ice responsible for the upper till disrupted the 
topmost layer or the earlier sediments. However, the scale of the 
preserved disturbances III small when compared with that aUeclinp, the 
Wolllton Iland and gravel at Dunton Basllett (see below,). 

The sand and gravel exposed at the Cotesbach pit is lraceabie over a 
wide area, Itll presence being attested hoth by abandoned pits and atso 
by a number of deep boreholes where the overburden of laler 
sediments to; too thick to allow commercial exploitation. It was 
encountered In many of the exploratory boreholes alon~ the line of the 
M(" although where that motorway crosses the river Swi£t 3.5klll 
south-west of the Cotesbach pit, It was not very dearly developed. 
The boreholes for the Ml and M6 revealed a complelt sub-driB telief 
pattern in the area between the Swift and the Ml. At the M(, 
crossing over the Swift, Lower Lias was encountered at elevations of 
at least tUm aD; and in the vicinity br LuHerworth the same 
be(itock occurs at elevations of 99m 00. Yet just west of the htldge 
that carries the M6 over the A5 a borehoie; was sunk to an elevation 
or 65m without striking bedrock. In other wbnts, evidence eltlsts for a 
deep depression, filled primarily with a btown and grey sil it day 
containing occasional chalk fragments artd laminated at several 
horizons, penetrating to a substantially greater dept11 than the regional 
pattern of rockhead relief would lead one to expect, and Imleetl 
extending to ali elevation as low as lha t along the ultis of the proto-

.' Soar valley (which Is believed to tie some tZkm away to the norlh­
west). There Is all yet Inadequate Information either to trace the 
II mils of this depression or to place its development rirmly in the 
sequence of PleIstocene events so far deciphered. However, it nppears 
reasonable to suppose that the depression may be relate(t to an old 
record of a deep, (lrlft-fIlled valley on the north-eastern outskirts or 
Rugby. Here Wilson (1870) reported tlJa~ he (lrilled through 17.4m of 
sand with chalk lumps near the base before entering bedrock at 69m 
aD. There Is also a record of 44m of drift beIng encollntere(l nelir 
nf1hnorton (at 54Z736 - see Bishop 1958 p. Z99) which would yield a 
rockhead elevation of c.70m 00. Surface exposures of sanet and 
gravel then lead directly towards the Middle Lias eescarpment a shorl 
distance east of Kllsby, but the crucial stratlgrap11ic relationshIps 
remain obscure. 

It J Rlt:~ 
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Dunton Bassett Sand and Gravel Pit (SP 539900) 

During the mid 1970s the main face at this pit provided an unusually 
fine display of glaciotectonic structures. However, working of the 
sand and gravel ceased in 1979-80 and the exposure has since been 
steadily deteriorating. It is still possible to discern the basic 
lineaments of the disturbance to which the sand and gravel has he en 
subject although some of the finer detail has Inevitable been lost. At 
the time of writing (October 1980) a new pit is being developed about 
a kilometre to the sout}, east (SP 546889) and since exploratory 
boreholes have revealed what the quarry manager ~erms "clay banks" 
within the ballast, it is anticipated that this fresh working may shortly 
display further glaclotec tonic structures. 

The struc ture at the Dunlon Bassett pit consists of the following mnin 
members: 

Lithology 

Mottled reddish 
brown till 

Buff laminated silt 
and fine sand 

Gravel 

Sand 

Grey laminated 
silt and clay 

Grey chalky sil t 

Thickness 

Up to 4m visible 

o - 0.5m 

5111 

8m 

o - 2.5m 

5.9m proved In 

Regional Correlation 

Oadby till 

Very localised - ? 
Upper Wolston clay (Shotton) 

Wolston sand and gravel 

Wolston sand and gravel 

Boswor th clay and sit t 

Thrussington till (chalky 
facies) 

The earliest bed is a deep grey lodgement till studded with 
Innumerable fragments of chalk, Clint, colitlc Ii mestone and other 
clasts of a general north easterly l>rovenance. Stratigraphically it 
clearly tmderlies the Wolston sand and gravel and is therefore 
correlated with the Thrussington till which, further west, consistR 
predominantly of Trias-derived material. 
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The grey laminated silt and clay is a bed of variable thickness that, 
along part of the section is totally absent. However, hand augering on 
the hillslopes one to two kilometres (urther west shows that the sil t 
and clay thickens very rapidly and attains values In excess of 16m. 

The sand is highly calcareous (17.8% weight loss on treatment with 
BCl) and in places has been cemented into massive sheets of calcrete. 
Cross-bedding units indicate a south westerly direction of flow (or the 
depositing water. The sand passes up into a fine to medium regularly 
bed(led gravel in which the major components, based upon a sample of 
763 pebbles, are as follows: 

BWlter pebbles 35%, middle Jurassic limestones 23%, Carboniferous 
material 16%, Lias limestone 8%, and flints 7%. 

It is noticeable that there is a much larger proportion of "north 
westerly" debris than in the wlderlying chalky till, the match being 
rather closer with the overlying reddish brown till; if the gravel is 
interpreted as part of an outwash sandur another Important fl\etor may 
well be contrasts in the resistance to abrasion of the various till 
clasts. 

The thin buff coloured silts and fine sands are only irregularly present 
and may he no more than deposits of shallow local ponds that 
developed prior to advance of the ice depositing the Oadhy till. The 
latter is only preserved in the core of a few o( the down folds where 
it is seen to be crudely bedded; the stratification is visibly deformed 
in conformity with the adjacent till-gravel junction. 

The whole sequence from Thrusslngtoll till below Oadby till above has 
been dislocated by a series of folds, faults and low angle slide planes 
that aU indicate powerful compressive stresses directed (rom slightly 
east of north. The structures are illustrated in fig.7. It is now 
recognised that the glaciotectonics displayed at Dunton Bassett are 
merely one part of a much more extensive zone of deformation 
traceable across a wide area of southern LeicestE'lrshire. 

R J Rice 
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Croft Quarry (SP 51Z963) 

ThIs very large stone quarry is opene(l in all outcrop of diorite (or 

!:::1it:1 - ;:: Loef B::pr~~~~a~~~y pe6:~~og;~~\. desc;;~tio~os~ha~H~I~~~::!; 
topographic feature that it forms iA Croft Hili which rises to a l1eight I 
of lZ8m or some 60m above the surrounding country. An associated 
bu t less obvious topographic form is a shallow, rock-walled p,orge by 
which the river Soar traverses the southern edge of the diorite) the 
simplest explanation for this drainage pattern appears to be 
superlmpositlon from a former cover of glacial deposits. Whilst Hlis 
explanation may be true, It Is "Iso worth notinp, thnt the Soar around 
Croft pursues a curious angular course and that both upstrea m and 
downstream from the gorge it follows the line of a deep, drift-£lUe(l 
depression scoured not only through the Baginton-Lillington 11am{ "nd 
gravel but also 10m or more Into the underlying Keuper Marl. 

For' many .decades Leicestershire hall been the foremost English county 
for tbe production of stone, allll the large quarries' working the igneolls 
rocks of the Charnwood and soulh west Leicestershlre districts have 
afforded valuable sections In the over burden of Pleistocene sediments. 
Today the number of "ctive quarries Is much reduced from Its peak 
earlier In the century, but of those that remain several are tllIctergoing 
substantial enlargement. Croft Is one such quarry and the preliminary 
stripping of overburden hns provided new sections In the drift deposits. 
The most significant exposure (fig 8) lies on the eastetH slopes of 
Croft Hill at between 90 <ll1d 100m 00. Here tbe e){po11ed till 
displays translocated masses of Keuper Marl up to a metre thick and 
five metres in visible length. This evidence of powerful sub-glaclai 
stresses Is supplemented by the occurrence of low angle shear planes 
traversing both the till and the displaced marl. Slickensides on otie 
shear plane were measured at an orientation of N35 E implying 
compression from a little east of north M Is ,,150 Inferred from the 
glaciotectonics at Dunton BasseH. 

The stratigraphy of the tIll' sequence Is extremely complex, am1 
difficult to relate with any confidence to (ttiH sections in the 
surrounding area. A very obvious feature of the exposure Is the 
presence of repetitive delicate banding as Illustrated i" fig 9. The 
depositional mechanism by which stich bandltlg is produced remains 
uncertaIn. Douglas (t 980) has suggested that successive flow tills of 
contra~tlng composition may be Involved, but the remarkable 
regularity, combined with the absence of any clear Indication of now 
movement, does not make this hypothesis entirely compelling; 
Moreover, In the example at Cro rt, the banding slopes at all angle of 
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15° without any sign of the downslope thickening that might be 
anticipated if low viscosity flow tills were involved. Although 
comparable banding is relatively common in Leicestershire, an unusual 
aspect of the phenomenon at Croft is the Incorporation o[ a layer of 
pure Keuper Marl that does not appear to have been (lisaggregated. 

The sections exposed at Cwft quarry merit attention [or one further 
reason. The working of the igneous rock affords an opportunity of 
examining the weathering profiles in three different circumstances, 
firstly where the diorite is ovel'lain by Keuper Marl, secondly where it 
is overlain by glacial drift, and thirdly where it is ac tually exposed at 
the surface. Beneath the Keuper Marl the rock is sound and shows 
little sign of chemical alteration. Similarly, beneath the glacial drift 
only limited decomposition has taken place. Both these circumstances 
exhibit a striking contrast with the modern outcrops where the 
uppermost 1.5 - 2m of the diorite are so thoroughly rotted that they 
can easily b,e crushed In the hand. Chemical alteration has been 
greatly facilitated by the development of prominent sheeting structures 
which are largely missing where there is an overburden. The 
unmeasured but seemingly large volume of Croft-type erratics in the 
Wolstonian tills, much of it little weathered, argues (or signHicilnt 
glacial degradation of the dioritic outcrops of south Leicestershire and 
implies that the observed weathering profiles are post-Wolstonian In 
age. Much less certain is the relationship of the profiles to the 
changillg environmental conditions of the Ipswichian, Devensian and 
Flandrian periods. 

R ,J Rice 
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EXCURSION TO EAsT LEICESTERSnnm AND TltF: PRTERnOIHHJGH 
IJISTJUCT 

This excursion leads caslwan's £rom the Soar valley where Woislohlai1 
(lr1Hs ate relatively plentiful, across the Jurns!lic scnrplamls where lllis 
Imve n more Imtchy dlstrlbllllon, to Peterhorough 011 the Fen nH1t~"i. 

in the context or the debate on the age or the dH1l1~y tills ot jhe 
reRlon, the Interglacial site nt WlnR 111 Itlltlaml llnd tile WOOd91ol1 Oe(i s 
neat Peterhorough mmume consiclerahle Impothmce. Much recent work 
IIns stressed the lithological hom0R'~nelty or the Chalky Bonhtd- ciay 
throughout East Anglla amt the Easl Mld\1mds (Perrin, DavIes !.ind tysh, 
t 973; Perrin, Ros; and Davies, i 979) and the atgllllH~l1t Ims !,cell 
advance(t tlmt the Chalky Uoul!ier Clay Is the product or one 
glndatlon. Such !.ill Inteqm~latlon dearly conlllct!! with e!!lnhllsiJe(t 
scheme!! identifying separate Wohllonlan and Anp,ihm dmlky Wia 
(Sholton, B'l11h,am and Bishop, 1977). Much relies on the Inh~tiJtehtUori 
of related fnlerglnclal bells and the Mea that tempenite !!ll1ges Cl1" he 
separatmt 011 the basis or palaeotJOtanlcai evidence, notl1hly POIt('Il. At 
Wing, Ipswlchlan deposit!! overlie tile chalky lIil In ri deeply IndsP.tl 
bosln, whereas the Woodston Beds, also slratlgmphlcaliy ahove dlali~y 
till, show n Hoxl1hm assembl<1ge. 

Much else of fntere!lt III to 'Je found In the region. Chnmtler (j 97 I, 
197(,) has Identlffctt several landslide sHes· on Llns dnys Iwar 
nocldl1gham and In the vicinity of RllttRmt Water. The hnpoH:tnce ot 
periglacial conditions In the evolution or the~e slopell ims tJenil 
demonstrated. The Weiland Valley l!'l al!!o noted 1lS dasslc terrall1 tor 
valley blllging amt cnmberlng. At Tit ton, Lelcefllershlre (see p.9 , [lit 
4), Rice has descrlbe(t the (tislrlbution o( driB In relation io Ihe 
Madstone eSCllrpmel1t and lin!! flisClISSe(t the sIgnificance of till!; p"Uern 
In the development o( the hllltiocl1jJe. , 

T D bO\lgln~ 

Wing Interglacial site 

The unusual (Itlfl depm;lh nt Wing were tlt!!l f!l1cO\\l1tetC(l {tilting 11 sHe 
Illvestigntlon by Ground EngIneering (Messrs .J tl1lngl on hehnlr of tit!'! 
Anglll1 Waler Authority, whose Wnler Treatment Pi,ml noW tiomillflle!! 
thl!! hilltop site. Ooreholes revealed a sequence of till, prat !.1ml 1!.1I~e 
clays within a restricted area at the easlern edge or the ptopo~e(t 
Plant, the maxlmull1 depth {Jr, drift prove(t being ~ome 17m. II WrtS 

denr hom the!!c boreholes, amI from hrmd-nugerlllr" thR.l lim 
Pleistocene deposits. occupied a bt:1!lIIl, probabiy c1o!!cd, r,ome tO(/1l1 
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across and deeply incise(l Into t.he underlying solid rocl~s (here about 3-
4m of Northampton Sand Ironstone overlying Lias Clay). The sequence 
from the only continuotts core available for study (from nenr the 
centre of the basin) was as follows: 

0-0.60m 

O.60-5.40m 

5.40-5.80m 

5.80-6.35m 

6.35-6.55m 

6.55-7.84m 

7.84-8.20m 

8.20-9.90m 

red brown sandy day topsoil 

silty clay, red-brown above, becoming brown/grey­
mottled, then grey-brown with laminations marked by 
colour and particle size. Increasingly rich tn fine 
organic detritus with depth 

Interbedded sll iy peaty clay and sll ty day peat with a 
streaked appearance In vertical section 

well humifled slity Sphagnum peat becoming lefJs silly 
with depth; strongly compressed throughout 

the same, though without mineral component amI with 
an Increasing wood component 

strongly compressed, weil humHled wood peat with a 
distinct moss-rich horizon at 6.95-7.2Om; slmrp contact 
at 7.84, with only a few thin lamlnatiom; of alternating 
woody detritus and silty day to 

stiff, silty, calcareous. grey day with some obscure 
laminations through 8. iO-a.20m. 

a series of very heterogelJeous sediments including 
(?slumped) chalky .Jurassic till (sLUE grey to bhle-p,rey 
clay with abundant chalk fragments and occasional 
.Jurassic fossils), (?unweathered) Northampton Sand 
Ironstone and a slUf grey day (8.40-8.90m), dearly 
waterlain. 

From other horeholes it appeared that, below this, there was a 
considerable depth (perhaps 6-701) or unsorted deposits derived from, or 
composed of, Ull. This un probably forms a blanket across the floor 
of the basin aml certainly extends to the surface at the north-eastern 
margin where It can be proved by augering, although It Is very well 
weathered and brown In colour. The Geological Survey (b'IH map (or 
the area shows this to be a very small remnant o( a till sheet which 
evIdently once covered most of Rutint1(t. 



At the margins of the basin, there appears to be a condensed form of 
the same sequence as at the cenh"e, with highly Illlmified peals resting 
on bright blue sand and clay, and 'overlain by mottled silty clays. 

Sediments from the upper 7.84m of the sequence described above were 
subjected to detailed pollen and plant macrofossil lUlalyscs, and the 
pollen stratigraphy (Fig 10) reveals that the organic deposits and upper 
silty clays record a long period of interglacial and early glacial time. 
The first countable pollen spec tra clearly represent mixed oak forest 
and the very local nature of the pollen catchment is evident from the 
high frequencies (as much as lO% total land pollen) of normally rather 
poorly represented taxa such as maple (Acer), ash (Fraxinus) and elm 
(Ulmus). Similarly high levels of ivy llledera) are also noteworthy 
here and the sum of tree and shrub pollen at these levels is little 
short of 100%. From the macrofossils, it appears thal the (orest grew 
close to, and indeed probably overhung the basin, for the high pollen 
values for these trees are reflected in the macrofossil records for buds 
and bud-scales, and in some cases also fruits, of the major m.o.L taxa. 
These were deposited In a lake, which was eventually overgl"Own with 
a mat of vegetation marking the beghming of a Verlandung or 
"terrestrialization" in which Spha~num, and lalel" birch (Betul~ and 
cotton-grass (Eriophorum vaginatuin , grew on an acid raised bog across 
the basin. The late stages of the interglacial are marked by the 
decline of trees, (notably hornbeam, Carpinus) and the massive, and 
apparently rather sudden, increase in grass and herbs. 

Climatic deterioration or some other change affecting local hydrology, 
appears lo have led to the re-establishment of a lake within the basin 
at this time, lllld to the inundation of the peats by a five and a half 
metre thickness of silty c1ays,lamlnated in parts, ensured their survival 
at depth during the ensuing cold stage. 

The dating of the deposits by pollen stratigraphy indicates that the 
peats are Ipswichlan (Eemian) (pollen zones IpIIb to IV inclusive) anfl 
the upper clays Early Devensian (pollen zone eDe). Despite problems 
of correlating this, the longest Ipswichian sequence to date, with 
others recorded from Britain, from sites with mainly "regional" 
spectra, there are some striking similarities between the diagram from 
Wing and published accounts from N. Germany where small basins 
(some showing the same Verlanduug and Versumpfung) have been 
investigated. Furthermore, assuming tllis correlation to be conect, 
there seems little doubt that the chalky Jurassic lill underlying the 
interglacial deposits is Wolstonian in date. 



The location of these deposits raises a number of questions about the 
(orlnation of the basin of deposition llnd about the evolution of ihe 
IJresent topogrllphy In the vicinity of Wing. Ice action must surely be 
invoked to explain the excavation of a basin of such dhnensl ans In 
solid (albeit rather easily eroded) rock, and It has been Ruggested I.hat 
a subglacial stream may Imve been the (Jgency responsible. The area 
Is one noted for the development or cambering and gulling in the 
Ironstone and limestone mantling the Lllls clay, but the apparently 
non-linear form of the basin Indicates that it Is prolmbly not a gull. 

Drift depol'!its llre, unforhmately, poorly preserved over much ot this 
area of the East MidlandR; they are con[ined for the most part Lo 
spreads of chalky Jurassic Hi! mantling the hill-tops and InteHluves of 
the predominantly eastward-Howing streams of the WeIland. It is thus 
difficult to reconstruct much of the Pleistocene history, and In 
particular to suggest when the present drainage paHern was 
established. 

A more detailed site record, together with the 
paiaeobotanlcal analyses and a dlscllsl'!ion of some 
recor(ts, are given by Hall (t 979, t 980). 

The Peterborough area - glacial deposits 

results of the 
particular plant 

A R HaIl 

Peterborough liel'! at the very margin of the Fens, the limit of which 
runs broadly north-south' In this dil'!trlct. The limit cotncides 
approximately with the outcrop of the harder MI(tdle .lurasslc and basal 
Upper Jt1tasslc (ormatlons. To the west llre the Jurassic uplamls with 
broa.d plateaus covered by glacial deposits. 

In the Fens the outcrop of the jurassic rocks llmt glacial deposits 
gives ril'!e to small islands rising above the Flandrlan sediments. 
Within the city of Peterborough the River Nene passes through it 
shallow and narrow valley caused by the outcrop of the Corn brash. In 
contrast the River Weiland has a broad valley which opens out Int.o a 
broad plain at Market Deeplng. The drift sequence Includes glacial, 
marine, el'!tuarlne and fluviatile phases of deposition: 
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FENLAND NENE VALLEY 

Tetrington Beds 

Nordelph Peat Alluvium 

Bartoway Drove Beds 

Lower Peat 

Crowland Bed Marine 
Gravel and Sand 1st Terrace Gravel 

Marine Gravel and Sand 
and ? March Gravel Znd Terrace Gravel 

3rcl Terrace Gravel 

Woodston Beds 

Chalky Boulder Clay with Glachl! San(l 
and Gravel and Glacial laminated depor;lts 

STAGES 

FLI\NDIUAN 

DEVENSIAN 

? 

? 

IJOXNTAN 

ANGUAN 

Glacial de por;its , mor;tly Chal1~y Boulder Clay, occur on the ,Tmas~lc 
uplands as remnants of a much dissected sheet. Narrow loc3lised 
depressions or buried valleys extend below the tmsal rmr£ace o[ this 
sheet. A depresllion inrilled with bedded Glach,1 Sit t and Clay amI 
overlain by Chalky Boulder Clay, lms been traced from Normrm Cross 
(TL 161909) to Stanground (TL 210970), south-east of Peterborough, 
where It passes beneath the Fen deposits. Extensive sheets of CJmll~y 
Boulder Clay extend beneath the Fen deposits In the Crowland nrea 
and in the BiJllngborough-Boume-Spalding area. Bet ween BllIlngbol'ollgh 
and Bourne the sheet of Chalky Boulder Clay which outcropll 011 lhe 
uplandll Is In places co-extensive with the sheet which underlies the 
Fen deposits. Although the upland nnd Fen sheets app!'.ar to lie :'It 
quite dir;tinc t topographic levels, ther!'. are narrow 011 tcropr; or houlder 
clay which connect the two sheets. The mOltern eror;i 011 <1 I slope 
Intersecls the almost parallel palaeoslope on the bar;e of the boulder 
clay. Similar situations occur in Norfolk. 

Lithologically the Chalky Boulder Clay of the Peterborough areas i~ 
Indistinguishable fro m that mapped by the au thor !llong the Waveney 
valley, between Norfolk Md Suf£olk, In JIuutingdonshlrc, Warwlckr;hlre, 
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Leicestershire and Northamptonshlre. When fresh it consists of dark 
grey silty clay with abundant chalk and flint pebbles, with derived 
Jurassic fossils and rock debris. 

Woodston Beds and River Terraces 

Throughout its outcrop the Woodston Beds, a series of estuarine, 
lacustrine and fluviatile deposits, rest upon Oxford Clay or Kellaways 
Beds. They consist of clays, sit ts and sands with seams of' coarse san(l 
and gravel, which commonly occur al the base. The Woodston Beds 
crop Ollt In the Hicks No;Z Brick Yard (TL 18999564) and the Central 
Electriclty Generating Boards Dust Disposal Terminal (TL 188954), 
south of Fletton, Peterborough. The formation extends westwards 
beneath gravels of the Third Terrace of the River Nene. The 
Importance of the Woodston Beds is that lhey are of Interglacial origin 
amI thus provide a stratigraphic marker horizon within the local drift 
sequence. 

The Woodston Beds have a maximum proven thickness of 7m in a 
borehole at Cow Pastures Farm (TL 1834958Z). The base of the 
formation ranges in altitude Crom +5.Z to +I4.7m on whilst the top 
lies at about 13 to 16.3m OD. Outcrops of Third Terrace gravel have 
a surface level of about 15m OJ) in the vicinity of the Woodston Beds 
outcrop, bu t this Increases upstream to at least Zim at Alwalton, or 
up to lZ.-14m above' the Nene alluvium. 

The Woodston Beds were first recognised in a shallow railway cutting 
. at the Hicks No Z Brick Yard (TL 18999564). The only other exposure 

was in the adjacent Dust Disposal Terminal, but this was already 
seeded at the time of discovery. All the information of the Woodston 
Beds has been obtained from trenches and boreholes. For the purpose 
of the QRA meeting the London Brick Co Ltd has agreed to re-open 
the section in the Hicks No Z Brick Yard. The original trench proved 
3.35m of be(ls resting on Oxford Clay (Fig 11). In the Peterborough 
"Type" trench (TL 17999609) the thickness of the formation was 3.1 In 

and in the Peterhorough ilL" trench (TL 18019594) it was about 5.1111 
thick. In all three sections a basal coarse sandy gravel was overlain 
by a variable sequence of sands, silts and silty clays. Other boreholes 
suggest that the basal gmvel may be absent locally. The overlying 
finer-grained sediments are generally weathered, but three sec tlons 
have yiel<,led plant re mains. 

Miss Lynda Pllips reports that the pollen spectra obtained from the 
fine-grained sediments at the Hicks 'Brick Yard are relatively uniform, 
the assemblage being characterised by a high level of tree-pollen 
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which does not fall below 72% of the total land pollen. The principal 
pollen taxa represented are Ulmus, Quercus, and Alnus, whilst amongst 
the shrubs Cory Ius and Type X are the 1I10st important. The 
vegetation Indicated by the pollen diagram is an almost complete 
mixed oak forest cover. Pollen from the Peterborough "Type" and "L" 
trenches was poorly preserved, probably as a result of weathering. 
Miss Pbilips concludes tbat the pollen assemblage falls within the 
I10xnian Early-temperate' zone (Zone Bo. II). 

Molluscan faunas have been collected from all tbree of the trench 
sec tions in the Woodston Beds and have been described by Dr D K 
Graham. In all three sec lions the basal Ii tho logy is gravel which has 
yielded a diverse fauna dominated by freshwater species which include 
Anodonta complanata, PisidiUln amnicum, ~ henslowanum and P 
nitidum, Ancylus fluvia talis, Armiger crista, Bithynla tentaculata, 
Lymllae peregra and Valvala pisclnallis with some terrestial species 
Including Carychium tridentatum. In the IIicks Bricks Yard sequence 
the freshwater species persist up into the sM<is and clays overlying 
the basal gravel. However, the overlying sands and silty clay contain 
a bracklsb to marine fauna which includes Cardium edule, Mytllus 
edulis, Scrobicularia plana, Spisula elllptica and lIydrobia _lruncata. III 
the Peterborough "L" sequence the basal gravel Is overlain by clays 
and sandy clays with a mixed freshwater and terrestrial fauna which 
are In turn succeeded by sands containing lenses of shells consisting 
almost entirely of Littorina saxalalis. lbis species is present 
throughout the sand unit and Is associated with Cerastoderma edule, 
Ostrea edule, and Scrobicularia plana and probably freshwater and 
terrestrial species. The tOllmosl inlerbedcled sands and clays and sl1 ty 
clays with a restricted brackish to freshwater fauna. In the 
Peterborough "Type" sec Uon the basal gravels are over lain by sands 
which have yielded a predominantly freshwater fauna although brackish 
species occur at at least two levels. The fauna becomes more 
restricted upward and is of freshwater or marsh aspect. It is 
Impoverished bul lhis may be partly the result of subsequent 
weathering. Here the highest bed is a gravel, which lraced lah'!rally 
overlaps the fine grained sands and slits, which pinch out, and resls on 
and is Indistinguishable from, the basal gravel. 

Ostracods washed from the finer-grained sediments of lhe Woodston 
Beds include a mixed freshwater and IJracldsh water assemblage. A 
solitary indeterminate mammalian rib fragment was collected from the 
basal gravel in the Hicks Brick Yard. 

Thus the Woodston Beds were deposited in a marginal environthent. 
At first fluviatile conditions were widespread and gravels accumulated. 
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The rivet1; llhnh~rl; although qi,id-wllt~r rluvllltil e COlHllflon!l pl"tsls{Pll 
in 110me <lrem; tim! cslll<lrlne envirOl1l11ent!) exlstc!! nellrhy; prohnhly an 
Inl.erminRllng or Ihe fades occ'irr~f1; Ihe Woorlstol1 Beds Itansgte!1!!lon 
extendIng 11t le11st Inlo the FleHon-Orlon Longuevllle lltell. In lime 
thlvlal.lle COlHlltlon!'l were re-eslahlish!'rl, Ihe Initial quirt-water 
!l!'tihnelll.lllloll belnr, replacer! by Ihe higher !'nerp,y environment with 
the accumulation of the grlwels or the Thlrrl Terrace. ClIm<lUc 
conditions during tim accutl1ulflf!ol1 of {he Wood~lol1 Herfs were 
cOl11p<ltahte to thm:e of thci presellt lIay. 

Thete ate currently 110 sections In ttlH1ishlrhell deposits of the Thlnl 
Tetrace. TeHlporary exposures Imve shown lip 1.0 3m or well-sorted 
gravel with sealn!! of day lim! coarsc slmd. No fos!!lI!l h<lve heen 
[olll1(l by the rr~!!ent author In these !I~pO!llts. A very rich matnlll1<111 
{mma was obt<lined hom a long dlstI~cr1 ~r<lvd Illt At Ortoll Lo"g"!~vllle 
prohably excavated Into gr<lvel of Ihc Third Tenace. 

The gravels o[ the ~P.co"d tett;lce form a bench some 4.6 1o 7111 ahove 
lhe aJluvlull1 In the Peterborough !.lIstrlct. The gravels cOllsi!!t Inrgrly 
or Ihnestonp. gravel <lmt may contain r.callls o( Sl1lHt nl1f.1 r,Hcly dny. 
Boreholes at Orion Waterville (TL 14989(,75) have !lrove!1 a lens of 
(tl1rk grey humic silty clay. Thl~ lms yiddcr! fI pOOl' 1l101l1l!lCI1I1 (Anna 
which Mt D J< ntahlllll report!l Includes I1hllnrl;lnt Plsislum nllldhJl'!J 
with DHhynla tentaculala, Valva.ta ylsc~!!~ ;lnd ~~rlum ~rnel.!.'!l: 
The [aun<l Is 111!lIc;lt.ive or n slu~p,I!lh shallow heshwalet environment 
sllch as a pond within the higher energy fluviatile ellvlronml'nt.. 
Ostracod!!. are al!lo pre!J(~nt and MI!lll D Gregory 1m!! recorded lloc¥J~.r:!~ 
_glb~ ! El})lIcata, Ca.nodona negl~~ ~ albl~,!!~,- CYJ'rlnohls ~':IE_ 
and Q1thet1s~ Jacustrls. The 11IOI"ISCS nnd ostr<lcorls sllggeflt Ihat tI", 
tell1petntllre ;It the time of deponHiol1 of lhl.~ cI<ly WAfl comparahle to 
tlmt of tim preRent tlllle. 

Marine Gravels, Fen-edge Gravels amI Flalldrlan deposits 

Tlte term Fen Gravel Ims heen nppllc!l to grllvel deJloslt~ which 
oulnop at the m;lrgln of Ihe Fen deponlt!! or locnlly cnclose,I fly them. 
H.f"!\IJtVf!y or the Fenlaml marglll north or Peterhorough I111S flhowl1 IhAt 
the C)(Ip.I111lve Fell-edge:! gravels ;It the mouth of the IUver Wdhll1!t 
forln part or "rom1 spteml of gravel of First Terrac(' ;1gr. Thr!lp. 
gr;!VI' l!l call he trace!' Ol1t Illto thp Fell I milt wherf! Ihey nff' .rmrl.ly 
obsClItf!d by Flandtlnn sediment!!. At the Inllrgln of Ihe Fenlamt Ihey 
\1I1{iollhtedly ;1re nuvlatlle and contain freshwater 1l1OIhlflCS nnrl 
lnaln;111 an bones, hu t trnced !1ct,w;lr!1 limy h('collle Ihlnner, II1me !lAl1Ily 
and ylelrt ;l r;p<lt!le marine [mill;!, Inc!lIIlIng Cernsloderma and Liltorhl<l. 
The!!e marine sediments 1If! on the proJecl;" hllse-Ievel nurfllce of lhc 



First Terrace gravels. North of the Weiland towards BiIlingborough 
spreads of gravel are associated with several of the small streams 
which How Into the Fenland. These gravels extend latcrally along the 
margin of the Fenland. They are probably of comparable age to the 
First Terrace deposits of the Weiland and Nene and also originate as 
debouchment aprons as the fast flowing streams left the narrow 
valleys and entered the low-lying Fenland. As in the south these Fen­
edge gravels appear to pass Into finer grained deposits with marine 
shells, and in one example east of BilUngborough into cheniel' 
(lumachelle) deposits. 

Deposits of gravel of thc above type are buried beneath Flandrlan 
sediments, but a second type caps the ridges or islands which are 
enclosed within the Flandrian sediments. These higher level deposits 
generally rest on Jurassic clays whose outcrop although largely 
obscured by cryoturbation and solifluction can be traced around the 
edges of these Fenland Islands, for example Whittlesey and March. 
These gravels contain a very poorly preserved fauna which is probably 
residual after intense leaching and oxldisation. Although the projectIon 
is much greater, these marine gravel, which include the March 
Gravels, lie on the extended base level surface of the Second Terrace 
of the River Weiland. The limited marine Caunas of the two ages of 
Fen gravel are similar and may be compared to the present day [auna 
of The Wash. 

Thus the fluviatile history appears to have been one of progressive 
downcuttlng Interrupted by at. least three stages of aggradation. 
During each stage, there appears to have been a transition from river 
gravels into pebbly sands with marine shells. (Eg: the Third Tenace 
gravels pass into the Woodston Beds.) During each stage, fluvial 
gravel appears to have transported into a marine or estuarine 
environment where marine to brackish water mollusca were either 
growing in situ or were swept by storms into the marginal inler-tidal 
zone. 

The Fenland Is underlain by a variable sel'ies of' shallow water and 
salt-marsh clays, silty clays, silts and fine sand~ with inter-bedded 
peal horizons. The oldest sediments, lhe Crowland Bed, are of 
uncertain age and origin. The Bed is generally less than 1m thick. 
Its basal boundary is commonly tmclear, the bed forming a blanket 
between the Flandrian sediments and the underlying formatioTls wlilch 
vary from Jurassic in age to glacial deposits or marine pebbly sands 
and silts. The Bed is of variable lithology, which rertects, but is not 
entirely derived from the underlying formation. Since its accumulation 
It has been altered by the development of a soil profile and 
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wcatherlng during the formation of the overlying FI;1l1drian !lepo!'lit. III 
parts it re!'lembles a sojHluction deposit, but there lire only ncgligible 
slopes present. It probably developed in situ hy cyroturbatloll 
associated with ollly millimal laterl1l movement of sediment. 

The oldest Flanrlriall deposit, the Lower Peat, is present thtougout the 
Peterborough di!'ltrict, but may be abl1ent locally. It 111 diachrollmw, 
the zone of growth and l1ccnmutatioll migrating progrcflslveiy, bllt 
discontinuously, shoreward a!'! the marine transgtf~flfllon proceeded. It Ifl 
overlain by the Barroway Drove Beds (Fen Clay) which consists of silty 
days (saltmarsh) !lllty sands and day!'! (r;hallow waler sallMlat) ami slits 
and r;llty sands (tidal creek deposits). Thefle are succeeded by the 
Nordelph Peat which crops out over much of the adjaCf!nt Fenland. 
Towards the margins of the Fenland the Barrowoy Drove Beds thin and 
rarely the NordeJph Peat may rest directly upon tin'! Lower Peat. 
Elsewhere either or both may split with the development of locally 
persistent peat seams. The sea retreated from the Area hefore the 
accumulation of the Nordelph Peat but further transgression as far as 
the Spalding-Wisbech area W1l.S [ollowed by the 1l.cclllnttlation of the 
Terrington Beds, salt-marsh and sandrlat deposits comparable to the 
Barrowy Drove Beds. 

Alluvium acculnulated Oll the main valleys contemporaneously with the 
marine anrl estu<1t1lJe sedimentation in the Fenland. Near Peterborough 
an alluvial channel extends Ollt into a complex series of e!lhtarlne 
clays and sl Its with peats which are intermediate in character to the 
typical Fenland deposits. 

The Peterborough area - stratigraphic problems 

a) The age of the Chalky Boulder Clay. 

The Peterborough District Is Intermediale hetween the Midlands amI 
East Anglia. In both areas the most widcspread glacl<11 deposit Is thf' 
Chalky Boulder Clay. In East Anglia It is assigned to the Anglian 
Stage whereas In the Midlands It is aSfllglled to the Wolstonian Stage. 
Although local variations In lithology occur there Is no IJlAjor contrast 
between the NorColk, suh-Fenland and Peterborough types of Chalky 
Boulder Clay. They appear to form p<1rt of a single stratigraphic and 
morpho logical unit. There Is no direct proo f of the agf' of the local 
Chalky Boulder Clay. The Woodston Beds are assigned to the Hoxnlan 
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Interglacial Stage. So far they have only been found overlying Oxford 
Clay. However, they contain well-preserved Jurassic and Cretaceous 
foraminifera and ostracods' and Mesozoic pollen. Cretaceous 
formations do not outcrop In the Nene Valley. The nearest Chalk 
outcrops are In Lincolnshire, Cambridgeshire and Norfolk. Derivation 
from these areas would involve very long transportation by longshore 
driIt in the Hoxnian "estuary". An alternative source would be the 
chalk-riell boulder clay outcrops within a kilometre. This would meun 
that the Chalky Boulder Clay of Peterborough is of pre-Hoxnian, Ie 
Anglian age. An inference supported by the association of the 
Woodston Beds with Third Terrace gravel deposits which morpho­
logically post-date the Chalky Boulder Clay. 

b) The absence of deposits contemporaneous with the I1unstanton Till. 

lIyothetical reconstruction of the IhUlstaton Till environment suggests 
that the ice-sheet froni which it was deposited closed the mouth of 
The Wash and thus formed a lake. No lacustrine deposits associated 
with such an ice-dam have been found so far In Norfolk nor In the 
present district. The glacial lacustrine and marginal deposits described 
to date, all belong to the Chalky Boulder Clay Glaciation. 

A Horton 
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EXCURSION TO CHARNWOOD FOREST AND TIlE MIDDl.E TRENT 
VALLEY 

Thls excursion begins with a visit to IJuncote sand and gr<lVel I,ll 
which lies just Lo the northern side of the recorded limIt or Lhe 
Bosworth Clays and Sills. It shows Lhe Wolstonian succession oC tlJ(' 
Leicester area to good errect. The Chnrllwoof! Forest and MI(\(lIe 
Trent areas both to the north of Lake Harrison display It mlher patchy 
drift cover which can frustrate JlthostratigraphlcaJ cotrelaliOlln. 
Wolstonian ice mllnt have covered the area for a period of time 
sufficient to maintain the empoundment of Lake JJftrrison amI tim 
deposition of up to 40m of clays (often varved) to the south. The 
recognition or two distinctIve (iJI lithologies throughout the an~n (red 
Pennlne tills and chalky boulder day) Is no longer Interpreted as the 
product of two cold stages. I\s has been !lhown elnewhere (Rice 1968, 
DOllglas 1980), the Wolstonian tills Inrllcate both northwestern and 
northeastern provenance. T b D I . oUg as 

lluncote Sand and Gravel Pit (SP 513 981) 

This Is the sale surviving example of a whole !lerles of pits that have, 
during the last hundred years, been opened in a bed which H Ice (t 968) 
termed the Thurmaston sand and gravel and which he traced :llong the 
middle Soar valley from a little north of HUllcote to the village or 
Thurmastoll at the confluences or the rivers Wreake amI Sonr. Further 
work has os strengthened an original correlation fluggcflted In t %8 
with the Baglnton Lillington sand and gravel, that it now arpenrs 
justifiable to employ, that term to describe the material clIrtentiy 
being worked at the fhmcote pit. 

The succession expo!lcd at HUllcote may be divlde(\ Into fOllr main 
units: 

Lithology 

Chalky till and 
assoclated water-lain 
sands, silts and clays 

Red and reddish brown 
till derived mainly 
from Triassic source 
rocks 

Reddish sand with a 
few gravel stringers 

Flne-to-mediuTli gravel 

Thickness 

Up to 6m 

Variable 
1 - 5m 

6m 

tip to 5m 

H('glonal 
Correlation 

? Oadby till 

Thrtl!lsington 
till 

Baglnton 
sand 

Baglnton-LiJIIllg ton 
gravel 



"'_~ ,"'"""'"'111111111111 11111 IUlD>;>p,,? /;/ ' .. :" IN,,"-,_ f"ilffll!I!111 f If r " •• '" 

[[J]) 
Grey chalky 

till 

Ed 
Silt and fine sand 
with cloy stippled 

~ 
~ 

Red till Brown till 

Fig.12 Schematic representation of the overburden at Huncote sand and gravel pit. The face on the 

left is almost certainly cut by a number of shear surfaces. 
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Thl" basal gravel rests directly on undisturhed Kellper Marl. As the 
bedrock Hoor of the pit rises gently e<lstwards, the thickness of the 
level-bedded gravel gradually diminishes. Analysis of a !lample of 1913 
pebbles showerl the following composition: 

Bunter pebbles 77%, Keuper skerry 9%, C:ubon\[ NOUS 

limestones and coal 7%, Keuper or Bunter sanrlstones 
limestone 1%, others 3%. 

san(tstoncs, 
3%, Lias 

There is a raphl upward transition from the gravel into the sand. Thl!l 
latter bed i.'! 6m thick and consists pre(h;mlnantly of well sorted, 
medlullJ- fine sand arrange!l In a Rerles or cross-bedded units that 
testify to deposition by northw<lrd-nowing watcl'. Towards the top of 
the !land the dominant gl'ade or material l>ecome!l appreciably finer and 
the bedding largely horizontal. So far as is known no organic 
materials have been recovered [rom either the saml or the gravel at 
Huncote - nor, for that matter, at any or the otllP.r sites in central 
Lelcestershire where the Baginton-Llilington sam! am} gravel lHIS been 
worked - and the best evidence for climatic conditloml prevailing 
during the accumulation come~ from the presence of Ice-wedge r.astR. 
Most of these are Intra-formational, although at leaRt one h:1S been 
seen extending to the top of the sand. 

The dominantly Trias-derived till is divi!lihle Into two P"1"ts. At the 
base Is a reddish brown horizon, commonly a metre or so thlcle, which 
is Ilucceeded by a reddish till of ta ther greatP.t thickness. The 
boundary between the dlHerent hues ill sharp, :111(\ in places streakR of 
the brown till can be seen to pmm up at a sh.,I1ow angle Into the 
basal layers of the red. Counts to establish the provenance or the 
daRts in the two tills show very little difference, 1lS do geochemic:1.1 
analyses of the llJa~rices. Fabric studies, on the other hand, reveal 
matluxl contrasts In the alignlllent of the erratics, with a south­
westerly orientation being charat:terlstic of the brown till runt a Ilouth­
easterly orientation c11aracterlstic of the red till. The reallon for the 
two dif£ercntly coloured tills remains Imr.erta.ln. It is conceivable that 
there were localised changes in the direction or ice movement, or 
altern.,Uvely the basal layer may be a [low till thal was later covered 
by a lodgement till. One aspect of the upper till Is Its occasional 
incorporation of masses of Keuper Marl that may attain 5-10m

3 
In 

volume. This evidence of disruptlon of the surface across which the 
ice moved is in sharp contrast to the contact between the brown till 
and the underlying sand. This Is a planar surface below which the 
delicate depositional structures in til!! sands and !lilts relllain almoR! 
entirely intact. 
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The upper surface of the red till is irregular, and in the small basins 
so formed there lie complex sequences of sand, silt, clay and till. 
Occasional fragments of chalk, flint, colite and Lower Lias limestone 
can be found in all the water-laid sediments, and the thin till horizons 
are almost invariably rich in Cretaceous debris. The ice-marginal 
sedimentation, which these diverse sequences are believed to represent, 
was terminated by a glacial re-advance which deposited an overlying 
sheet of 1mbedded chalky till. This £Inal event Induced signlricant 
disruption of the earlier drift deposits. Fo1<ls and shears attest to 
compression from the north-east, with the earlier chalk-bearing debris 
being the most affected but with at least one sheet of reddish Trias­
derived till being thrust towards the south-west over the top of chalky 
sediments. 

Correlation of the sand and gravel with the Baginton-LilIington sand 
and gravel In the Avon catchment near Coventry is supported by 
numerous similarities In both depositional structures and compositional 
characteristics. The evidence strengthens Sholton's original contention 
that the sediments were laid down by a north-flowing proto-Soar river 
that had its source to the south of Coventry. The deposits can be 
traced down the present Soar valley to the vicinity of Thurmaston, bu t 
beyond that point considerable uncertainty remains. Two possibilities 
exist. The first Is that the proto-Soar continued along the line of the 
modern river to a confluence with the Trent. There is no continuity 
of the sand and gravel in this direction, but this might be explained 
by the constricted valley between Mountsorrel and Barrow on Soar 
where post-Wolstonian erosion by the Soar would rapidly destroy any 
earlier fluvial sediments. The second possibility is that the proto-Soar 
originally flowed along the line of the Wreake valley (although in the 
reverse direction to the present river) and that It ultimately debouched 
into the Fenland region by way of the large drift-filled valley that 
crosses the LIncolnshire limestone plateau near South Witham (Rice 
1965). There is no known bedrock ou tcrop which precludes this 
hypothetical reconstruction; on the other hand, thel'e is also no direct 
evidence that the Baginton-LllIington sand and gravel extends 
eastwards along the route of the proposed valley from Thurrnaston to 
the Fens. There are exposures around Castle Bytham in Lincolnshire 
that might be equated with the sections in the middle Soar valley, but 
In the Intervening area ncar Melton Mowbray there are boreholes 
which, at the appropl'iate elevation, encountered till rather than water­
laid sediments. Such' occurrences do not necessarily rule out the 
possibility of a former sand and gravel suite along the floor of the 
proposed valley, since even around Huncote later glacial erosion has 
undoubtedly removed this material and scored a furrow into the 
underlying bedrock. 1111s was disclosed by excavations and boreholes 
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along the line of the M69 only a few hundred metres we::;t of the 
Huncote pit. Sections revealed the sand heing abruptly truncated by 
bedded till along a junction ::;Ioping at an anglfl of :lO°, and trial hores 
showed the till and associated rine-grained sediments to rtesceml well 
below thp. depth at which the gravel normally occurs. This furrow can 
be traced along the western side of Croft Hill nlter which it 
apparently merges with the similar feature that fringes the eastern 
side of Croft Ilill (already mentIoned on p.19). 

R J Rlcp. 

Charnwood Forest - stratigra~ 

Charnwood Forest nes approximately 1510n to the south of the Trent­
Soar confluence. Porming ::;ome of the highest grollnd in Lelcestershire 
It lms the tUlderlying structure of a breached, sout.h ca::;tetly plunging, 
Precambrian anticline with Igneous Intrusions. These ancient rocks are 
unconformably over-lain by the remnants of a formerly, more extensive 
cover of Triassic strata. For many years dritt was believed to hc of 
restdcted occurrence, a misumterstandlllg related to the dHflculty of 
distinguishing amongst Keuper MflrI, Keuper-rich till and their 
solirtucted derivatives. Recent, tcmpornry sections, lJarlicularly those 
exposed during the construction of the Ml motorwny, h<lve shown, 
unquestionably, that both glacial and perlglaclfll delJoslts are widely 
tUstibuted over Cllfltl1wood Forest (Ford 1967; Poole 196R; Bridget 1971 
find 1975). 

Some progrells tow<'lrds the establishment of a Pleistocene sllccesslon 
h<ls heen possible In the south of· Clmrnwood Forest nnd here It has 
been divided into the following members: 

7. Upper Head 

6. Anstey Till 

5. Newtown Linford Till 

4. Markfield Clay with Middle Head 

3. ClI£fe Hill Sands and Gravels 

l. RallnsdHfe Till n11(1 White Hill Cl<'lys and Silts 

1. Lower Head. 
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'Differences between the lithologies of the Newtown Linford till 
characteristically containing Coal Measure erratics and the overlying 
chalky Anstey till, may be considered as local reflections of the wdl 
established pattern of Midland ice-movements related to the Wolstonian 
formation of Lake Harrison. Associated with this Wolstonian episode 
are the underlying non-calcareous Markfield clay and Coal Measur­
bearing Cliffe Hill sand and gravel, interpreted respectively as, 
proglaclal lake sediments and outwash deposits, formed as ice from the 
north-west advanced towards Charnwood Forest. 

Difficulties arise, however, when consideration is given to the lowest 
glacial member of the succession. If the Liassic-rich Raunscliffe till 
is though of as being Anglian In age there Is the problem of 
reconciling this date with the widely agreed view that Midland Anglian 
tills are either of Welsh or of nortl;l western provenance (eg Shotton 
1953 and 1973). Poole (1968) has argued that all Anglian age is 
a~pllcable to a lower till with Cretaceous erractics near Market 
Harborough but here, as in Charnwood Forest, an absence of related 
Hoxnian deposits means that unequivocal evidence for dating early 
north-east em tills as Anglian is missing. 

The alternative of placing the Raunscllffe till in the pre-Lake Harrison 
phase of the Wolstoniall is preferred, although this again raises 
difficulties. Acceptance of this age for the till would require revision 
of the generally accepted Wolstonian glacial sequence in the Midlands 
to accommodate the Implied advance of north eastern lee before the 
pondlng of Lake Harrison. It is possible that such a revision might 
also provide a satisfactory explanation for the other pre-Lake Harrison 
tills with eastern erratics recorded elsewhere in the Midlands by 
Bishop (1958) and Douglas (1980). 

The Raunscliffe till has not been recorded away from the Markfield 
area and although the situation of the related proglaclal White Hill 
clays alld silts in south Charnwood indicates a minimum height of 
215m OD for the associated ice, the extent of its penetration into the 
area remains obscure. 

It should be borne ill mind that there In uncertainty about the 
Pleistocene succession in north Charnwood Forest and the mixture of 
north-eastern and north-western erratics in certain tills (Bridger 1972) 
suggests thal Ice movements here did not necessarily follow the 
l)attern recorded in the area to the south. Nevertheless, the 
distrlbu Uoo of drift which may be confidently attributed to the 
following Wolstonian (Lake Harrison) glaciation Implies that the whole 
of Charnwood Forest was ice covered. 
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An imptes!llon of the m11gnitude o[ glacl11} deposition 11tH} its 
geomorphological impact may be g11lned from the compo!lih~ Ilection 
along the line of the Ml motorw11y (Fig. 13) which runs nortJl-south 
almost centrally through Charnwood Forellt (resistivity <Jnd borehole 
dat<1 kindly made available hy Sir Owell Willi 11 ms 11nd Pro-tnNs). 
Although the resllltlvity resultfl do not Se}J11rate Pleistocenc from 
Triassic deposits, it is dear from the hore hole!; that the flouthetn 1111)£ 
has a virtually contlnllous and locally very dcep cover of drift. In the 
north, the flection shows that drift Is v11ri<1ble in hoth thicknesfl and 
eldent. Its almost complete absence on northern peripheral slopes, in 
contrast to the depth or cover In the south, is thought to be the 
result of differences in local ratp.s of post-glaciation fluvial erosion 
ra ther than re [Jecti ng inequa Ii ties In the original drif t thicknesses. If 
the laUer view Is corret It follows that, a£ter !leglaclation, the 
topographical pro£lle would lmve approximated to an Inverted mmcer. 

Discordant drainage of Charnwood 

The two features of Charnwood Forests sc~nery which h11V~ attr~ctf"d 
mo~t geomorphological attention are Its crag1l and di!lcordant drainage. 

The crags, which display a wide range or tor-like forms, are composed 
or either Igneou1l rock or various types of Charnian fltr11ta and occupy 
a variety of topographical situations. Surrounding, 1lurface-spreads or 
dllter are not I1Jways apparent hut sectional slopes have almoflt 
Invariably expo1le{1 a layer of head running down-gradient from the 
sides of cragfl. Tn the case of the Altar Stonefl, ncar Ratl111lcllffe (SK 
488107), two layprs of head have been recorded. 

The drainage of Clmtnwood Forest (Fig. 14) Is unexceptional on the 
highest ground where It has produced an approximately radial network 
with ruJ ill-defined watershed running north-east to south-west. On the 
lower slope1l, however, notably in the northern and ea1ltern areas, many 
streams change direction to follow rOlltes which frequently tllke them 
discordantly across outcrops or pre-Triassic rock. Several instances of 
such stream behaviour are located at helght1l of 11round lZZm OD but 
this phenomenon is also to be found at lower l1ltitm1c1l. There Is no 
con1llstency In t1m angles of deflection and minor discordanclp.s may 
occur without any perceptible devll1tlon of the stream. The 
morphology of the vl1lleys, developed In (1illcordant sections, ifl not 
ul1\[orm -and by no means all the eXl1mples strictly justlfiy being 
described as gorge1l. There l1re a few cases where discordantly flowIng 
streams have achieved little more than Incipient valley development. 
Apart from rccent sediments, evlrtence of In£lliing (lepo:'lits h<1s not 
been ohservNt within the gorges although hoth Trla1lflic 11mt rlci:'ltocene 
material has been recorded 111 contiguous locations. 
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Throughout the first hal[ of this century, a widely acceph~d 

Interpretation or these features was put forward by W W Walts (1903, 
1905, 1947). Neglecting the evidence of drHt In Charnwood Forest 
plotted on Geological Survey maps, he look little account of 
Pleistocene events and argued that the crag!'! ;md, at least, some of 
the gorges were "uninjured" Trhumlc landforms which had bf'en 
exhumed (rom a protective cover of Keuper Marl. Jle went 011 to 
explain the stream pattern and the remainder of the gorges in the 
context of uninterrupted drainage evolution upon a one-time, complete 
(:over of Me!lozolc rocks. Watts believed that streams had 
"unconsciously" wandered, to follow courses taking lhem over huri,,!\ 
ridges of ancient rock onto which lhey were eventually superimposed 
through Keuper Marl to produce dis(:ordant drainage. 

Support for Watts views on lhe origin of the dls(:ordant drainage was 
given, for example, by F W Bennett (1928) who <ldvocated 
superimposition from a Trlas!llc cover to explain the small but complex 
section at Ulverscroft Mill (SK 514108). 

Against a background of the new understanding of glacial and 
periglacial history In Chamwood Forest, any account of lmnlform 
evolution not taking Into consideration Quaternary events Is dearly In 
need or revision. 

Ford (1967), in dis(:usslon of the crags, agreed that the IIne1l.ments of 
the lands(:ape had a Triassic heritage hut concilided that the [ormation 
or the "tors" also Involved Quaternary weathering proce~ses Including 
periglacial activity and probably a measitre or gladal plucking. The 
IrlentHkation of three periods of head formation in south Chatnwoml 
Fore!ll reinforces the signifkance of cold-climate weathering in their 
formation. 

Recent opinion (Bridger 1968; in press) on the genesis or the 
dis (:ordant drainage stres~es the Impodance of the Wolstoniilll 
glaciation. TIle present stream network Is thought to be eS!l ... ntlally 
the imprint or the major meltwater rOlltes with the ddlections 
attributed to glaciological factors such as the Influence or crevasserl. 
An environment of deglaciation may, mlt1itlon!1l1y, explain the 
fortriatlon of the discordant features by eplgenesi!l through Ice. It Is 
pos!llble that some or the gorges were inltla.ted in this way, but 
widespread dl!llrlbu tion of drift present!l a further medium through 
which epigenesis could operate after the Ice had finally melte!t. The 
development of the lliscordant drainage phenomenon within a 
Quaternary time-scale, or course, allows the possibility o{ a streilm 
cutting progressively through Ice, drift oml Keuper deposits herot'!~ 
making contact with underlying Charnian strata. 
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The explanantion (or the concentration of the discordant sections In 
the northern and eastern parts of Charnwood Forest may be related to 
special conditions in those areas during the deglaciation but supporting 
evidence for this view has not been found. It is, however, possible 
that factors associated with the contracting Upper Pleistocene histories 
of the Proto-Trent and Proto-Soar valleys were involved. While to the 
south of Charnwood Forest the valley of the Proto-Soar has remainell 
largely bul'ied under drift since the Wollltonian glaciation, the niver 
Trent to the north probably re-occupled the middle reaches o( the 
Proto-Trent valley (rom the beginning of the Ipswichian stage. The 
erosional advantage so gained by the tributaries of the niver Trent 
would locally be re f1ec ted by an increase in their chances o( (ormlng 
discordant sections and thus lead to an asymmetrical distribution of 
the phenomenon in Charnwood Forest. 

In so far as superimposition was probably the mechanism responsible 
(or Charnwood Forest's discordant drainage, Watts' interpretation is 
almost certainly correct but, as in his explanation of the crags, It is 
unsatisfactory owing to his failure to take into accollnt thfl 
geomorphological significance of Quaternary environments. 

Newtown Linford 

This locality displays features characteristic of (liscordant drainage In 
Charnwood Forest. Above Newtown Linford (SK 5lO100) the 
Ulverscroft stream flows generally southward in a valley developed 
almost eKclllsively in Pleistocene rleposits. However, in the immediate 
vicinity of the village, the route to the south is blocked by till and 
the stream swings north-westwanis through Bradgate Park (SI( 530100) 
where it has cut a 300m long gorge In igneous rock. A map of the 
sub-Triassic surface by Watts (t 947) shows an unobstructed valley 
running southwards from Ulverscroft Mill (SK 515108) as far as 
Newtown Linford from where it continues in a south-westerly direction 
to Anstey (SK 550085). A seismic traverse has confirmed a buried 
valley to the south of Newtown Linford but whether its infilling is 
totally of Pleistocene origin remains lUlcertain. Both drift and Keuper 
Marl have been recorded close to the entrances of the Bradgate Park 
gorge but within it, where there has been mllch disturbance by the 
construction of weirs, neither of these deposits has been observed. 

J F D Bridger 
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Middle Trent - introduction 

The currently accepted Pleistocene chronology for the Middle Tn~"t 
Basin is based largely on the morphological Investigations o[ Clayton 
(1953) ami the various attempts at interpreting the ~ef1"ence of 
depo~lts establlsJled almost 11 century ago by Deeley (U~8r,). 
Particularly not"ble are the reviewfl by Clayton (1953), Posn<1nflky 
(1960), Straw (1963), King (1966) and Rice (1968). The interpretalion 
given hy PosnRl1llky ill the most recent composite picture or the 
sequence of event~. 

Deeley recognised a slIccession of lithologically dhltlnct "boulder c1aYfl" 
separated by sands and gravels. The "houlder c1ayfl" were attributed 
to fluccesslve deposition by ice sheets or northern and eastern (Chalky) 
derivation. Subsequent authors have temted lowanls a simplr·r glad".t 
chronology ;md It has been Inferred by some that all fhe "boulf1et 
clays" belong to a single (Wolstonian) glacial stage. 

Terrace deposits which apparently post-date the Chalky BouMer Clay 
have also provokefl considerable controversy. Dlsagn~cment Ims 
persisted over the age, origin and even the number of terraces. 
Several workers hRve followed Clayton (1953) In dHferellliatinp, the 
Hilton, Beeston and Floodplain on n decreasing height and age 1mRis. 
However, Clayton'R suggestloll W<lfl questioned by Stevenson <111ft 

Mitchell (1955) and Por,mmRky (1960) who regarderl the II II ton deposit 
as beIng wholly or partly of fluvioglnclal origin. 'nle Beeston T€'fta.ce 
has yleMed mammalian remains Indicative o[ the Ipswlchh1l1 Interglacial 
(,Jones and Stanley 1971) even though morphological evidence suggpsls 
a later (Devensian) age (Stevenson a.nd Mitchell, 1955). The age o[ the 
Floodplain Terrace Is also uncertain, although It I1<1S been correlated 
with the Tame Low Terrace which IR dated as late Middle Devensi:m 
(ShoHon 1973). 

Church Wilne (SK 449318) 

Recent alluvIum, [Joodplain gravels and a~soclated orgRllic depol1ilr,; 
pre-Devensian (Wolstonian?) gladal deposits. 

At Church Wllne lOkm south east of Derby, exhm~ive gravel worldngfl 
hRve revealed a complex assemblage of glaclaJ {leposlts which underlie 
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the fluvial se<timents making up the wide floodplain of the River 
Derwent near to its confluence with the Trent. 

The general sequence for the first 3m below the floodplain is: 

6. Brown silty alluvium 1.0m, Flandrian. 

5. Black organic silty clay, up to 0.5111 in slnous channels running 
across the underlying gravels. Contains Insects and seeds Including 

Corylus indicative of the Flandrian. One channel has yiel<ted 
fragments of Mediaeval pottery. The channels have little or no 
surface expression being obscured by deposit 6. 

4 Coarse sandy gravels, with large scale cross bedding, 1.5 - Z.Om. 
These are normally equated with the Floodplain Terrace which 
passes beneath the alluvium upstream of Beeston (Clayton 1953). 
Late Devensian to early Flandrian. 

3. Thin lenses of dark organic silt at base of gravels. Biota indicates 
Late-Glacial, Pollen Zone I1,1, confirmed by radiocarbon date Birm 

818, 10 3Z0 + 160. 

Over large areas such a sequence rests directly on Keuper Marl but 
elsewhere channels are found beneath the floodplain gravels filled with· 
older Pleistocene deposits. These take two (orms: 

Z. Gravels and red pebbly clays with occasional lenses or organic silt 
and at the base a stoneless red clay. Max 2.5m. Strongly 
cryoturbated, with the involutions truncated by Bed 4 or 3. The 
organic material has not yet been dated. 

1. Glacial deposits including tills and 
associated glacifluvial an!l glacllacustrine 
except at channel margin). 

glacigenic gravels with 
sediments (base not seen, 

The glacial deposits occupy a burie<t channel up to lkill wide cut In 
the Keuper Marl bedrock. AltllOUgh tIle deposits are highly variable in 
composition and structure, two distinct groups may be recognised on 
the basis of provenance. In general, dark grey tills and associated 
gravels derived largely from Carboniferous rocks contrast strongly with 
the reddish brown (Trias-derived) deposits containing Jurassic and 
Cretaceous enatics. The former are consistent with an Ice stream of 
northern (Pennine) origin whereas the latter may be attributed to an 
Ice stream crossing Lincolnshire from Ule E or NE (d. Posnansky 
1960). At several localities the contact between the two groups has 
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been seen to be distmbed but slmrply defined. In every Cfllle the 
Trias-derived deposits resteri on top or, or abruptly against, a Peni1lne 
till. This relationship suggests that a "northern" Ice stream entered 
south Derbyshire before one of "eastern" origin. However, the regional 
stratigraphy 111 complex amI elucidation or the glacial chronology mImi 
await further study. 

The "eastern" glacial deposits show conlllderahle varlntlon 111 thfdr 
structilre and IIthologiclll composition and Include numerous snn!! and 
gravel tenseR, A notable feature Is the abundance and wide variety of 
derived fOMils Inr:lmtlng ~1aea, Cardlnia, Lima" Nuculana, 
Da~oceras, Amalthens, Schlotheimia, Montlivaltia, ~crinus lIm1 
belemnites. Also of interest Is the presence of tills rich In cha Ik 
debris, since it has been stated previously (eg Clayton 1953) that the 
so called "Chalky J30ulcter Clay" contains only flints west of 
Nottingham. In places the tills are exclullively chlllky and have mll.trix 
carbonate contents In excess of 40%. Similar deposits hllve been 
observed In all almoRt Identical context at Boulton Moor (7km W), 
Here the chalky till was associated with large "raftp(l" blockR o£ 
.Turasslc mudstone and gravels containing a wide variety of Me11O':7,oic 
rock fragments. 

The "Pennlne" deposits, In contrast, me relatively homogpnC0I111 with 
uniform lithologies amt little discernible variation In structure over a 
wide area, The m011t significant memher 111 a matrix domlnatc(' till 
which comprises 1111 overconsoJldated. stiff grey clay with a sporadic 
content of predomimmtly smail daflts (15mm). The overall 
characteristics of this till are consistent with [ormation by lodgement. 
The very low frequency of dMts has precluded a sllltlstically valift 
clast fabric a11alYRls. However, the erratic contcnt strongly imJlcales 
all Ice flow direction from the N or NNW. An unusual [entl1re 
displayed by the till In recent workings 50m S of the church wa11 the 
presence of a conspicuous set of Rub-vertical curving fracture11. ThelH~ 

have been interpreted as due to point loading of the £ro7;cn till 
surface by englacial (basal) bauMel'S which provldcft JJerlofllcally high 
compressive stresseR and Induced tensional failure (Derbyshire 11m' . 
• Tones 1980). 

The age of the Church Wllne glacial C1<~pORlts in uncertain. They are 
~lIusuai because of their freshness, their high content of cha"~ :.nul 
their sub-alluvial context. Equivalent deposits at Boulton Moor (71nn 
W) are overlain by Beeston Terrace gravels containing IpRwichlan 
faunal remains (.Tones and Stanley 1974). ThiR supports the Wolstoni1ll1 
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date normally attributed to the South Derbyshire tills. However, 
correlation of the sub-alluvial tills with those capping the interfluves 
to the north is not easy. The latter are deeply dlssecte<l, contain 
little or 110 chalk (although sometimes rich in flint) and are almost 
totally decalcified. These higher level patches may well prove to be 
of Anglian age. 

Thulston-Chellaston Road (SK 405315) 

Vantage point; Beeston Terrace feature. 

This vantage point, 6km SE of Derby, aHords a view over the Beeston 
Terrace at its widest extent. At this locality the terrace 15 a broad, 
well developed feature with an average height o[ about 4Z III OD. It 
lies approximately 5.4m above the present Derwent noodplaln from 
which It 15 separated by a marked break-of-slope. The terrace 15 
shown on the lOS map (Sheet 141) as terminating to the SW against 
higher ground composed of Keuper Marl with a capping o[ "boulder 
clay". However, the terrace margin Is obscured by a veneer of 
solifluction which also appears to extend over the entire terrace 
st\l·face. The terrace deposits themselves are underlain by a thick and 
complex sequence of glacial materials. Recent pipetrench excavations 
on Boulton Moor (1.5 kill NW) has enabled the following stratigraphical" 
sequence to be established: 

5. Pebbly clay, 0.2.5 -1.0 m; solifluction. 

4. Ochreous sands and gravels; 1.0 Z.O m; well developed 
cryoturbation structures truncated by deposit 5. 

3. Black silty clay; up to 0.2.5 III in lenses; insect fauna suggests mld­
Devensian date, possible equivalent to Upton Warren interstadial (0 
R Coope, personal cOllllllunication). 

2.. Cross beddell sands and coarse sandy gravels with large scale 
cross-stratification; occurring 111 channels over 4m deep; abundant 
memmalian remains including .!!!EEopotamus suggests Ipswlchlan 
date for the channel deposits. 

1. Olacial deposits of eastern derivation overlying Pennine till. The 
glacial deposits occur In a lkm wide channel cut in Keuper Marl 
bedrock. Borehole evidence suggests that this channel is ovef 20m 
deep. 
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Etwall Gravel Pit (SK 275309 

IIIHon Terrace (upper leveJ), nuvlal fmd/or glacifluvlal gravels, 
periglacial involutions. 

The Hilton Terrace is a composite and complex feature which lmr; ,)pen 
the subject of much debnle. It!l component p;1lches o[ saml and gr1\VeJ 
flank the valleys of the major rivp.r!'; at heights In p.xcess of 40£t(J2m) 
above the alluvium. These are partlculllrly extens! ve alonp, the 
northern margIn of the lower Dove, where they form COll!lpicU()IIS rlats 
between Uttoxeler and Willington. SmaHer, but morpholop,ically slmllllr 
patches occur along the valley of the lower Derwent dowlJl';tream of 
Derby, and may be traced up the River Trent as far a!l Rup,eley. 

Clayton (1953) reg;uded all these deposits a!l of fluvial origin nml 
considered the overall feature to be a "true river terracp." which he 
na med after the type area at nn ton amI altribu ted to the "M aln 
(lpswlchlan) Interglacial". Deeley (1886) and also Pocock (1929) had 
nlready recognhed the existence o( "high-level" river terraces, hilt 
whereas Pocock {ouml evidence [or at lensi (our, Clayton identl£led 
only a "Lower" ruul all "Upper" level. In contrllst, Steven!lon and 
Mitchell (1955) maintained that the gravels at Ililton were r1l1vloglaclal 
deposits, and could be equated with outwash from the Jri!lh Sea Ice. 
These con fIi ctlng opinions were partly reconciled by Posn:1Ilsky (1960) 
who argued that lhe Hilton deposits repre!lented "outwnsh l1ggradatlon 
terraces", InitIated during the retreat !llages o[ the "Eastern 
(Wolstonian) Glaciation" fU1d completed (turing the ensuing Interglllcial. 
It Is notable that when the deposlt!l were originally mapped by the 
Geological Survey (Sheet 141) they were described by Fox-Strangewl1Ys 
(1905) as being "Intimately a!lsoclated both with the glacial bedR :lnd 
with the modern river terraces", tlms forming "a passage between 
Glacial and Post-glacial times." 

The qUllrry at Etwall b the only major expoRure of the Hilton gravelR 
tn existence at the present time. Sections described hy previous 
authors are no longer available [or study. The present working face Is 
located on the "Upper" terrace feature, 1 km S of Elwall village a11li 
3 km E or the type locality. i\pprOldmately 3m of coar!le ochreous 
gravels rest on Triassic bedrock. The gravels are poorly str:ltified lind 
highly disturbed In a form rmggestive of severe perlgl:lcial fliRrtlp tI on. 
Lumps of Included "boulder day" were reported by Posnansky (I960) 
from a nearby site (Zkm SE) but have not been recordp.d here. 
Borehole ami geophysical Investigations In cOlJnection with earlier 
workings on Eggington Common (l.5 km S) showed that the gravp.l!l In 
that area occupy a series of slnllou!l channels. These are over 5m 
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deep and form a dendritic pattern with an appm'ent drainage direction 
of E - W (ie opposite to the Clow of the modern river). The horehole 
logs also record the occasional presence of pebbly red clays at 
different horizons within the gravel sequence. While the origin of 
these deposits is not clear, (tis continuous surficial layers of pebbly clay 
exposed in shallow pits on Eggington Common have been interpreted as 
solHluction earths. Such records do not support the view that the 
Hil tOil Terrace had ~ conventional fluvial origin. 

Recent temporary exposures have shown that the gravel Jlatches along 
the lower Derwent' valley are fequently very thin ( 1.5m) despite the 
relativeiy broad outcrops portrayed on the Geological Survey map 
(Sheet 141). In all exposures, the gravels show II ttle sign of 
stratification and are invariably highly disturbed. They generally rest 
on an irregular surface of stiff reel clay which Itself contains isolated 
pebbles or small pockets of steeply inclined clasts in a zone up to Zm 
thick. Although the pebbly clay could represent a residual layer of 
"basal" till, its overall characteristics tend to indicate formation by 
Intense cryoturbation of the Keuper Marl bedrock and overiying gravel. 

The disturbed nature of the Hilton gravels appears to be a widespread 
characteristic. Disruptions at Hilton were reported by Deeley (1886) 
to desceJl(t "several feet". In this area, Armstrong (1939) noted the 
presence of "mushroom-shaped" intrusions of tmderlying gravel into an 
excessi vely contorted upper zone containing intensely fractured flints. 
These structures presumably correspond to the "festooning" that 
Stevenson and Mitchell (1955) noted in Ule top 1.5 - 3.0m at an 
a(tjacent locality and which may be interpreted as periglacial 
involutions. Further contortions have been described from the Lower 
UII ton Terrace at Willington by Posnansky (1960) but this site appears 
to have been somewhat unusual in that only the lower half of the 
section was affected. It is possible that Ule upper Z.5m of 
undisturbed even-bedded sand and gravel resulted not from Interglacial 
fluvial activity as implied by Posnansky, but through the combined 
action of periglacial solifluction and seasonal meltwater in the 
Devensi an cold stage. Such an Interpretation would also explain the 
rather paradoxical absence of contortions from the Upper (Ie older?) 
Hilton Terrace at an adjacent locality (Posnansky (960) and the 
"obliteration" of the terrace edges described by Deeley (1886) and 
attributed by bim to subsequent glacial ac tlon. 

The available evidence strongly suggests that the Hil ton Terrace Is not 
merely the result of fluvial aggra(\ation in a waning glacial episode. 
In contrast, the relatively level surfaces and simple morphology of the 
terrace gravels testiCles to significant cryonlval modification under 
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Devensian periglacial conditions. The "terraced" form i~ thererore 
mldleadlng, amt the [eatmes should no longer be regarded as simple 
morphostratigraphlcal units. The Int.ernal stratigraphy or the terrnce 
sediments awaits further study. 

P F Jones 
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